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Introduction 

Ultimately whatever dyslexia may or may not be, it 
cannot be a reading disorder. 

A. W. Ellis 

In this dissertation, I attempt at defining some properties of the cognitive deficit 
underlying dyslexia by looking at the ability of dyslexic subjects to understand 
certain aspects of language. 

I will argue in favor of the following hypothesis: 

Verbal Working Memory Deficit Hypothesis (v-WMDH): 
Dyslexia is associated with a verbal WM deficit. 

Working Memory (WM, for short) is the cognitive system responsible for the 
temporary storage of the outcomes of intermediate computations when required in 
order to perform further computations (Baddeley 1986). It features two broad 
subsystems: a visuo-spatial WM, responsible for the storage of visuo-spatial 
information, and a verbal WM, responsible for the storage of verbal information. 
The v-WMDH maintains that this latter component, the verbal WM system, is 
affected in dyslexia. 

I will show that the v-WMDH hypothesis accounts not only for the 
reading impairment typically associated with dyslexia, but also for a number of 
language related difficulties attested among dyslexic subjects. In particular, I will 
show that the hypothesis accounts for the dyslexics’ difficulties in comprehending 
tough-sentences (e.g. the bird is tasty to bite), object-extracted relative clause 
sentences, pronouns in condition B configurations, imperfective aspect, scalar 
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implicatures, universally quantified NPs in quantifier spreading contexts, and 
structurally ambiguous sentences. 

I must immediately point out that the v-WMDH is far from being a novel 
hypothesis. It is a well-known fact, supported by experimental evidence, that 
dyslexia is associated with a phonological WM deficit: Dyslexic subjects 
experience significant difficulties in tasks that require the temporary storage of 
phonological representations of the linguistic input. 

There is, nevertheless, an innovative aspect to the hypothesis. According 
to the v-WMDH, the WM deficit affects not only the ability to temporarily store 
phonological representations, but also the ability to temporarily store grammatical 
representations. That is, the hypothesis challenges the traditional assumption that 
the WM deficit associated with dyslexia is restricted to the temporary storage of 
phonological representations. 

I must also point out that I started my research on dyslexia and language 
with a different hypothesis in mind, the Procedural Memory Deficit Hypothesis 
(PMDH). However, at a later stage, I discharged this hypothesis in favor of the v-
WMDH. 

Very briefly, the PMDH hypothesis contends that dyslexia is associated 
with a deficient procedural memory system. The hypothesis is based on Ullman’s 
Procedural/Declarative model of language and mind (Ullman 2001; 2004) 
according to which the computation of grammatical operations is supported by the 
procedural memory system, whereas lexical knowledge and other context-
dependent cognitive abilities are supported by the declarative memory system. 

The dissertation reflects the development of my research and preserves its 
dynamic trial-and-error structure. In chapter 1, I present a brief introduction to 
dyslexia, its definition and distribution, and its relation to language. In particular, I 
discuss the relation between dyslexia and phonology and between dyslexia and 
grammar. I review some experimental evidence that the deficit associated with 
dyslexia does not only affect the domain of phonology, but extends to other 
domains of language. I then introduce the PMDH and show how it accounts for the 
facts. 

Chapter 2 is dedicated to the interpretation of pronouns in dyslexia. I 
begin by introducing and motivating a distinction between two modes of pronoun 
interpretation: reference and binding. I then discuss the distinction between binding 
and reference in the light of Ulmann’s Procedural/Declarative Model. In particular, 
I contend that the processing of binding is supported by procedural memory 
resources, whereas the processing of reference is supported by declarative 
resources. In the remaining part of the chapter, I present the results of an 
experiment testing the following prediction: Dyslexic children, as compared to 
age-matched control children, have a significant preference for the referential 



Introduction 15 

interpretation of pronouns ambiguous between a bound and a referential 
interpretation. As we will see, the results do not confirm the prediction. Dyslexic 
and control children equally display no significant preference for either binding or 
reference. Nevertheless, the results of the experiment show an unexpected, yet 
important difference between dyslexic and control children. This difference will be 
the main source of inspiration for the development of the v-WMDH.  

In chapter 3, I introduce and discuss the v-WMDH. I then show how the 
hypothesis accounts not only for the facts reviewed in chapter 1, but also for the 
results of the experiment presented in chapter 2. In particular, I show that dyslexic 
subjects fail in performing those linguistic computations that demand significant 
verbal WM resources. I also show that v-WMDH accounts for the fact that the 
language related difficulties experienced by dyslexic subjects are mostly found in 
those domains of language that are also problematic for preschool children. 

Chapter 4 is dedicated to the interpretation of grammatical aspect in 
dyslexia. I report the results of an experiment showing that Italian dyslexic 
children experience significant difficulties in interpreting imperfective sentences, 
but no significant difficulty in interpreting perfective sentences. I then show how 
the v-WMDH accounts for this pattern of results. In particular, I contend that the 
interpretation of imperfective sentences triggers the computation of a scalar 
implicatures and, therefore, demands significant verbal WM resources.  

Chapter 5 is dedicated to the interpretation of universally quantified noun 
phrases in quantifier spreading contexts. I report the results of an experiment 
showing that dyslexic subjects make more quantifier spreading errors than 
controls. I then show how the difficulties of dyslexic subjects can be accounted for 
by the v-WMDH. In particular, I contend that the comprehension of universal 
quantifiers triggers the computation of an implicated presupposition and, therefore, 
demands significant verbal WM resources.  

In the conclusions, I summarize the main findings and consider some 
clinical implications of the v-WMDH. 





 

Chapter 1 

Dyslexia and language 

In this chapter, I discuss the relation between 
developmental dyslexia and language.  

There is substantial agreement that the reading 
difficulties experienced by dyslexic subjects are due to a 
deficit in the processing of phonological representations. 
There is also consistent evidence that dyslexic subjects 
are impaired in their ability to comprehend and produce 
certain types of complex grammatical structures and that 
this general, non-phonological, linguistic impairment has 
an independent, non-phonological, source. Following a 
suggestion by Scarborough, I take the view that the reading impairment and the 
linguistic impairment should be regarded as different manifestations of the same 
underlying cognitive deficit and that the goal of the neurocognitive investigation of 
dyslexia should be to identify this deficit. I then propose and motivate a first 
working hypothesis about the nature of the cognitive deficit underlying dyslexia.  

The chapter is organized as follows. In 1.1, I introduce Vellutino’s (1979) 
definition of developmental dyslexia. In 1.2, I discuss the relation between 
dyslexia and phonology. In 1.3, I review some experimental evidence that the 
linguistic deficit associated with dyslexia also affects domains of language others 
than phonology. In 1.4, I discuss the theoretical implications of the findings 
reviewed in 1.3. In 1.5, I introduce the Procedural Memory Deficit Hypothesis 
(PMDH), according to which dyslexia is associated with a deficit affecting the 
Procedural Memory System (see Ullman 2001; 2004). 
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1.1  Developmental Dyslexia: Definition and distribution 

Dyslexia is a language-based learning disability. It is defined as a failure to learn to 
read properly despite normal intelligence, normal hearing, adequate classroom 
exposure, and absence of physical, emotional and socioeconomic problems 
(Vellutino 1979). 

Dyslexia is defined by exclusion: Take all the individuals with a reading 
disability and exclude those for which there is an explanation in terms of 
subnormal intelligence, inadequate hearing, inadequate instruction, or other evident 
neurological or environmental problems. The exclusionary definition of dyslexia 
proposed by Vellutino is motivated by the need to define a valid research 
population. Reading problems can be caused by a number of different and often 
interacting factors such as lack of instruction, poor motivation, sensory 
deficiencies, or neurological dysfunctions. What is surprising, however, is the 
existence of a group of reading impaired individuals who have average 
intelligence, intact sensory acuity, no neurological or physical disability, and who 
have had adequate opportunity for learning, in an adequate socio-economical and 
emotional environment. In order to understand the nature of such impairment it is 
important to maintain the contribution of the extrinsic factors constant and, 
possibly, minimal. The exclusionary definition provides this result by excluding 
from the population all the individuals whose reading disability has an evident 
extrinsic cause.  

The exclusionary definition devised by Vellutino might be regarded as too 
restrictive. After all, it could be the case that the reading impairment of an 
individual with poor intelligence or inadequate hearing is caused by the same 
deficiency that causes the reading impairment of an otherwise unimpaired 
individual. It should be kept in mind, however, that the definition under 
consideration has a research purpose. As Vellutino (1979:8) puts it, ‘the extreme 
difficulty of determining the basic or primary cause of reading problems in such 
children is particularly troublesome when the major research objective is to 
determine the etiology of reading difficulties associated with more circumscribed 
deficits. Given such research purposes, it would seem that employing exclusionary 
criteria for initial sample selection is justifiable’. 

Dyslexia affects 5 to 10% of the population at large. However, the risk 
rate of developing a reading disability is significantly increased, as compared to 
population expectancies, among individuals with at least one parent with a reading 
disability (see Gilger et al. 1991 and Pennington et al. 1991). This observation 
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suggests that developmental dyslexia has a genetic basis (see a.o. Cardon et al. 
1994; Fisher et al. 1999; Galaburda et al. 2006; Ramus, in press; Ramus and 
Fisher, in press). 

1.2  Dyslexia and Phonology 

There is wide consensus that dyslexia is caused by difficulties related to the 
processing of phonological representations. More precisely, dyslexic subjects fail 
to construct sufficiently fine grained mental representations of speech sounds (see 
a.o. Snowling 2000). This deficit, although without any apparent consequence for 
the subject’s ability to speak and listen, has a disrupting impact on reading. As 
Bar-Shalom and colleagues put it, ‘unlike speaking, reading in alphabetic script 
requires explicit awareness of phonological structure’ (Bar-Shalom et al. 
1993:197); that is, learning to read presupposes the ability to construct sufficiently 
fine grained phonological representations. Dyslexic subjects, having difficulties in 
constructing phonological representations, fail to properly acquire this skill.  

There are at least five independent sources of evidence in favor of a strict 
association between phonological competence and reading skills. Firstly, there is a 
strong correlation between reading level and success in tasks requiring phoneme 
detection or rhyme detection, a correlation which is independent from other 
measures such as IQ (see Bradley and Bryant 1983; Stanovich et al. 1984).  

Secondly, dyslexic subjects have difficulties in performing tasks that 
require phonological awareness (see Rack 1994; Bryant 1995; Elbro 1996); 
phonological awareness is the ability to consciously analyze and manipulate 
speech sounds (see Schankweiler et al. 1995); it supports a number of meta-
linguistic activities such as analyzing words into consonants and vowels, finding 
rhyming words, or detecting prosodic patterns; this type of meta-linguistic ability, 
which is crucial for the acquisition of reading skills, is deficient among dyslexic 
subjects.  

Thirdly, specific phonological training, including exercises such as 
breaking words into phonemes, constructing words starting from phonemes, and 
detecting rhymes, has a significant impact on reading attainments; children who 
receive a specific phonological training eventually learn to read more successfully 
than those children that have not received such training (see Lundberg et al. 1988).  

Fourthly, dyslexic subjects experience problems in repeating non-words, a 
task which is typically used to assess phonological short-term memory capacity; in 
this task subjects are asked to repeat pseudowords, such as ‘wef’ or ‘slobons’, of 
increasing length and complexity; these words, although having a plausible 
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phonological structure, i.e. a phonological structure that conforms to the 
phonological restrictions of the language spoken by the subject, are not included in 
the lexicon of the language and do not bear any semantic content; the task is 
assumed to reflect the encoding, short-term storage, and retrieval of phonological 
representations; the idea is that subjects cannot rely on their lexical competence in 
order to remember and repeat the word; a number of studies (see a.o. Khami and 
Catts 1986 and Snowling et al. 1986) have shown that dyslexic children obtain low 
scores, as compared to their normally developing age-matched peers, in non-word 
repetition tasks; similar findings have been provided by older dyslexic subjects, 
adolescents and adults, and by children at genetic risk for dyslexia.  

Fifthly, more recent studies have shown that dyslexic children experience 
significant difficulties and delays in their phonological development; De Bree 
(2007) has administered a number of tests to groups of children at risk for dyslexia 
in order to assess several aspects of their phonological competence; significant 
differences between at risk and non at risk children were found in the domains of 
speech production, stress competence, and voicing alternation. 

Several versions of the ‘phonological deficit hypothesis’ have been 
proposed (see Ramus 2001 and Ramus and Szenkovits 2008 for a recent 
overview). Despite their differences, they all maintain that dyslexia is caused by 
difficulties in constructing, retrieving and/or maintaining phonological 
representation. 

1.3  Dyslexia and language beyond phonology: Some empirical evidence 

One of the main questions I address in this dissertation is whether the linguistic 
impairment that causes, or is associated with, dyslexia is restricted to phonology or 
extends to other domains of language. In 1979, Vellutino wrote: 

Theories that implicate dysfunction in verbal processing as a basic cause 
of reading disability have had less currency over the years. This is 
somewhat paradoxical, considering that reading, by definition, entails the 
coding of one’s natural language and would therefore seem to require 
intact linguistic ability. Of late, however, a number of investigators have 
become adamant in their insistence that reading is primarily a linguistic 
skill (cf. Kavanagh and Mattingly 1972), a claim that in my opinion has 
considerable validity. This view has led to more active exploration of the 
possibility that specific reading disability is caused by deficiencies in one 
or more aspects of linguistic functioning, but studies investigating this 
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possibility have appeared only within the past decade. Thus research in 
this area is of seminal nature. (Vellutino 1979:2)  

The research conducted in the last decades has in large part confirmed Vellutino’s 
wisdom by demonstrating that there is a deep relation between linguistic 
knowledge and reading skills. In particular, as discussed in the preceding section, it 
has been demonstrated that there exists a direct correlation between reading skills 
and phonological competence. I now intend to address the following research 
question: 

(1) Is the deficit that causes reading problems in dyslexic subjects restricted 
to phonology or does it extend to other domains of language? 

Question (1) is a natural question to ask once language is regarded as a complex 
system entailing a number of abilities, which are not exclusively phonological. 
Understanding a spoken utterance, for example, does not only require analyzing a 
sound into abstract phonetic units. It also requires a syntactic analysis of the 
sentence, which consists in individuating the basic meaningful units that compose 
the sentence, the grammatical category to which they belong, and the way in which 
they are organized within the sentence. It also requires interpreting the sentence on 
the basis of the meaning of the single meaningful units, the way in which they are 
organized in the sentence, and, in most cases, the context in which the sentence is 
used. 

The phonological deficit theory tells us that dyslexic subjects have trouble 
in their ability to process phonological representations. What about the other 
domains of language? Are dyslexic subjects impaired in their ability to process 
syntactic representations? Are dyslexic subject impaired in their ability to interpret 
sentences? There are important indications in the literature that the answer to these 
questions should be affirmative. I will briefly review some of the relevant 
evidence.  

1.3.1 Byrne (1981) 

Byrne (1981) studied the ability of dyslexic children to understand a class of 
constructions that are well-known in the acquisition literature. Consider the 
following pair: 
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(2) The bird is happy to bite  

(3) The bird is tasty to bite 

Despite being very similar at the surface, (2) and (3) entail very different 
grammatical relations. In (2) the bird is the logical subject of the biting whereas in 
(3) it is the logical object of the biting. It is well-known (see Chomsky 1969; 
Cromer 1970) that type (3) constructions are acquired later than type (2) 
constructions. In the case of (3), preschool children tend to wrongly interpret the 
surface subject the bird as the logical subject of the subordinate clause. That is, 
they tend to interpret the bird as the thing biting, rather than the thing bitten. 

Byrne tested dyslexic subjects’ comprehension of type (2) and type (3) 
sentences. The test was an act-out task (based on Cromer 1970): Subjects heard a 
sentence and then were asked to act out the content of the sentence by 
maneuvering some puppets. The test was administered to a group of 21 second 
grade dyslexic subjects1 and a group of 18 age-matched good readers. Both 
dyslexics and good readers were equally good in interpreting type (2) sentences, 
but dyslexics performed more poorly than controls in interpreting type (3) 
sentences. In the latter condition, a large majority of the poor readers, six out of 
seven, almost always interpreted the surface subject as the logical subject of the 
embedded verb. 

The results collected by Byrne show that dyslexic children experience 
difficulties in interpreting sentences like (3) but have no difficulties in interpreting 
sentences like (2). In this respects dyslexic children replicate the pattern found in 
unimpaired children of a much younger age, as found in the acquisition studies.  

1.3.2 Stein et al. (1984) 

Stein et al. (1984) tested dyslexic subjects’ ability to interpret complex relative 
clause sentences.  

Relative clause sentences can be grouped into four classes, depending on 
the grammatical function played by the relativised noun phrase (NP) in the main 
and in the embedded clause: (i) subject-subject relative clause sentence (SS, for 
                                                             
1 Byrne (1981) refers to the dyslexic subjects tested in the experiment as ‘poor readers’. The 
reason is that, due to Australian regulations, subjects could not be tested for IQ. Therefore, 
subjects were not controlled for IQ, as required by the diagnostic criteria for dyslexia (see 
1.1). Nevertheless, subjects were administered alternative tests of general cognitive 
proficiency.  
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short); (ii) subject-object (SO); (iii) object-subject (OS); (iv) and object-object 
(OO). The sentences in (4) exemplify these four types. In (4a), the NP the lion is 
the subject in the main clause and the subject in the relative clause. In (4b), the 
bear is the subject in the main clause and the object in the relative clause. In (4c), 
the bear is the matrix object and the embedded subject while, in (4d), the lion is 
the object both in the main and in the relative clause.  

(4) a. SS: The lion that hits the bear rolls the ball 

b. SO: The bear that the lion hits rolls the ball  

c. OS: The lion hugs the bear that rolls the ball 

d. OO: The bear bites the lion that the ball hits 

The acquisition of relative clause sentences has been studied at least since Sheldon 
(1974). Most studies agree that children master SS sentences before OO sentences, 
and OO sentences before SO and OS sentences, which are mastered only in late 
childhood. A typical interpretive mistake young children make with OS sentences 
is to interpret the relative clause as a modifier of the subject of the main clause. 
Roughly, they interpret a sentence like (4c) as ‘the lion hugs the bear and rolls the 
ball’. A typical mistake made with SO and OO sentences is to interpret the 
relativised NP as the subject in the relative clause, rather than the object. 

Stein and colleagues tested the ability of dyslexic and age-matched 
control subjects to interpret SO, OS, and OO sentences by means of an act-out task 
(SS sentences were excluded because considered too simple to discriminate 
between the groups). The test was administered to a group of 20 second to fourth 
grade poor readers and a group of 20 second to fourth grade good readers. Poor 
readers were found to have significant difficulties, as compared to their unimpaired 
peers, in comprehending all three types of relative clause sentences, but 
particularly severe difficulties were found with OO and SO relative clauses.  

1.3.3 Scarborough (1990; 1991) 

Scarborough’s study is one of the first longitudinal prospective studies of the 
linguistic development of dyslexic children. Notice that, since dyslexia is defined 
as a failure to learn to read, dyslexics cannot be identified until they have tried and 
failed to learn to read. It is then very difficult to study earlier stages of the 
linguistic development of dyslexic children. Scarborough devised a way out by 
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testing a group of very young children at risk for dyslexia, that is, a group of 
children with at least one dyslexic parent. As discussed above, the risk rate of 
developing a reading disability increases to 30 to 60%, as compared to population 
expectancies, among individuals with at least one parent with a reading disability 
(see Gilger et al. 1991 and Pennington et al. 1991).  

Scarborough’s study included 34 children from dyslexic families and 44 
children from non-dyslexic families. The same subjects were given a proper 
diagnosis when they reached age 8 years. In this way the dyslexic subjects in the 
at-risk group could be identified. Of the 34 at risk children, 22 (65%) were later 
diagnosed as dyslexic, whereas only 2 (5%) out of the 44 non-at-risk children 
became dyslexic. In this way, three groups of subjects could be defined: the 
Dyslexic group, which includes the 22 at-risk children that became dyslexic; the 
Family group, which includes the 12 at-risk children that did not develop a reading 
impairment; and the Control group, a control group of 22 children selected (on the 
basis of several criteria; see Scarborough 1990) from the 44 non-at-risk children.  

Scarborough tested the children at ages 30, 36, 42, 48, and 60 months on a 
variety of cognitive and linguistic tasks. Two kinds of preschool language 
assessments were obtained: (i) scores on formal tests of speech discrimination, 
vocabulary development, and syntactic comprehension; (ii) measures derived from 
naturalistic observations of expressive phonology, vocabulary, and syntax. At age 
30 months, the Dyslexic children demonstrated a more restricted range of syntactic 
constructions and made more speech production errors than the children belonging 
to the Family and Control groups. At the ages of 36 and 42 months, the vocabulary 
skills of the Dyslexic children were less well developed than those of the Family 
and Control children and their syntactic difficulties persisted. Even more 
importantly, Scarborough found that the measures of syntactic proficiency were 
highly significant predictors of reading disability.  

1.3.4 Waltzman and Cairns (2000) 

Waltzman and Cairns (2000) tested dyslexic subjects’ knowledge of binding 
principles. Binding principles are a set of grammatical constraints that regulate the 
interpretation of pronouns. In its original formulation (see Chomsky 1981), 
Binding Theory includes three principles: A, B, and C. Principle A, which 
constrains the interpretation of reflexive pronouns like himself or herself, requires 
that a reflexive pronoun be interpreted as coreferential with a clause mate NP. 
According to principle A, in (5) herself can corefer with Jane but cannot corefer 
with Mary. Jane is an appropriate antecedent because it occurs in the same clause 
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as herself. Mary is not an appropriate antecedent, since it does not occur in the 
same clause as herself.  

(5)  [S1 Mary sees that [S2 Jane is tickling herself]] 

 
 
Principle B constrains the interpretation of personal pronouns such as him or her. It 
requires that a pronoun not be coreferential with a clause mate antecedent. In (6), 
principle B excludes coreference between her and Jane, given that they occur in 
the same clause, but does not exclude coreference between her and Mary, given 
that they are not clause mates. Furthermore, Principle B does not exclude the use 
of her to refer to an individual which is not mentioned in the sentence. For 
example, in the relevant context, (6) can express the fact that Mary sees that Jane is 
tickling Sue.  

(6)  [S1 Mary sees that [S2 Jane is tickling her]]    Sue 

 
 
Finally, principle C excludes coreference between a pronoun and an NP c-
commanded by that pronoun. Demanding to a later stage a formal definition of c-
command, a structural relation fundamental for the definition of a number of 
grammatical restrictions, principle C is meant to exclude coreference between she 
and Jane in cases like (7).  

(7)  She is tickling Jane 

 
Binding principles have received considerable attention in the domain of language 
acquisition (see Avrutin and Wexler 1992; Baauw 2000; Chien and Wexler 1990; 
Chomsky 1969; Koster 1993; McDaniel et al. 1990; Philip and Coopmans 1996). 
What is particularly interesting is that principles A and C are mastered at a very 
early stage, normally at around age 4, whereas children up to age 7 do not show 
adult-like competence of principle B. The most common type of error found in the 
literature consists in judging a sentence like (8) as a correct description of a 
situation in which Jane is tickling herself, in violation of principle B. 
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(8)  Jane is tickling her 

Waltzman and Cairns (2000) tested dyslexic subjects’ knowledge of binding 
principles A, B, and C by means of a picture selection task: Subjects heard a 
sentence and then were asked to choose between three different pictures which 
picture matched the sentence best. The test was administered to two groups of 
subjects, a group of 41 9-year-old good readers and a group of 22 9-year-old poor 
readers. The only significant difference between the two groups was found in the 
condition testing principle B, where the dyslexics scored significantly worse than 
the controls. In the other conditions both dyslexics and controls showed adult-like 
performance. Then, poor readers displayed adult knowledge of principles A and C 
but poor knowledge of principle B. Their mistake consisted in associating a 
sentence like (8) with a picture in which Jane was tickling herself. That is, they 
allowed a personal pronoun to refer to a clause mate antecedent, violating principle 
B. 

The result is of particular interest in the light of the acquisition data 
discussed above. The only binding principle that caused problems for the 9-year-
old poor reader was principle B, the binding principle that is more difficult for 
children to acquire.  

1.3.5 Wilsenach (2006) 

In her extensive study, Wilsenach (2006) reports the results of a battery of tests 
developed in order to assess the ability of a group of Dutch children at familial risk 
for dyslexia to perceive and produce morphosyntactic dependencies. In particular, 
Wilsenach tested the perception and production of the Dutch past participle. She 
found that: (i) At-risk children, aged 19 months, are less able to discriminate 
between grammatical and ungrammatical morphosyntactic dependencies. In 
particular, at-risk children are more inclined to accept ungrammatical combinations 
of a modal verb with a past participle (e.g. kan geslapen, ‘can slept’). The 
perceptual language development of the at-risk children is delayed by at least six 
months, as compared to the development of control children; (ii) At-risk children, 
aged 3;6 years, are as capable as controls to produce grammatical auxiliary-past 
participle combinations; nonetheless, at-risk children generate significantly fewer 
instances of auxiliary-past participle combinations than controls; (iii) Argument 
structure complexity has an effect on the omission of the auxiliary verb in 
auxiliary-past participle combinations; such an effect is significantly stronger 
among at-risk children; interestingly, sentence length has no effect on auxiliary 



Dyslexia and language 27 

omission; (iv) as a group, school-going at-risk children, aged 5;1 years, are as able 
as controls to discriminate between well-formed and ill-formed morphosyntactic 
dependencies; however, a subgroup of the at risk children have striking difficulties 
in discriminating grammatical and ungrammatical combinations. In the end, 
children at risk for dyslexia are significantly delayed in the acquisition of the 
Dutch past participle and the grammatical dependency it implies.2 

1.3.6 Vender (2009a) 

In her experiment, a truth value judgment task, Vender tested Italian dyslexic and 
non-dyslexic children’s ability to constrain the choice of a correct inter-sentential 
antecedent for a pronominal expression. Two types of sentences were tested. The 
first type is exemplified in (9). 

 
 
 

(9) Topolina ha ballato con Paperina e poi ∅ ha preparato la cena 

‘Minnie danced with Daisy Duck and then ∅ prepared dinner’ 

The second conjunct of (9) has as its subject a null (unpronounced, ‘∅’) pronoun. 
Given that a null pronoun requires as its antecedent a highly salient nominal phrase 
(see Ariel 1990), in the example under discussion the correct antecedent for the 
null pronoun is Topolina, i.e. the subject of the first conjunct. The second type of 
sentences is exemplified in (10). 

                                                             
2 It should be noticed that the at-risk children tested in Wilsenach (2006) could not be 
divided in dyslexics and non-dyslexics, given that her research finished when the at-risk 
children were 5 year-old. Wilsenach’s findings remain nevertheless highly significant.  
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(10) Topolino ha giocato a calcio con Paperino e poi lui ha suonato il tamburo 

‘Mickey Mouse played football with Donald Duck and then he played the 
drum’ 

Since realized pronouns pick up, among a set of available antecedents, the less 
salient antecedent (see Ariel 1990), in sentence (10) the correct antecedent for the 
realized pronoun lui is Paperino. 

Vender found that a group of 18 dyslexic children, aged 9 and a half 
years, scored significantly worse than a group of 17 age-matched controls. The 
dyslexic subjects’ overall error rate (49,9%) was significantly higher than the error 
rate provided by the age-matched controls (10%) and the adults (2,2%). Dyslexic 
subjects were much more liberal than controls in allowing the null pronoun to refer 
to a less salient antecedent and the full pronoun to refer to a more salient 
antecedent. For example, they often judged (10) as true in a situation in which 
Topolino was the one playing the drum. 

Vender also found that the performance of the dyslexic subjects did not 
significantly differ from the performance of a group of 20 five-year-old children, 
showing, once again, important similarities between dyslexic children and earlier 
stages of the linguistic development of unimpaired children.  

1.4  Dyslexia and language: A general linguistic deficit? 

The evidence presented in the preceding paragraph suggests that dyslexic subjects 
experience problems also in domains of language different from phonology. Is this 
evidence enough to conclude that dyslexia is associated, or even caused, by a more 
general linguistic deficit?  

A first possible explanation is that the linguistic problems experienced by 
dyslexic subjects are a side effect of their delay in the acquisition of reading skills. 
It is a well-known fact that reading has an impact on the linguistic competence of 
children. Reading helps not only in extending vocabulary but also in getting 
acquainted with those complex grammatical constructions that are less used in 
spoken language. Dyslexic children, as a result of their impairment, are less 
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exposed to written language than their peers and, therefore, have fewer 
opportunities to benefit from the reading experience.  

Nevertheless, there are at least two types of evidence that run against the 
hypothesis that all of the language problems experienced by dyslexics can be 
reduced to their lack of reading experience. The first type of evidence is provided 
by reading-age-match studies (see the overview in Bryant 1995). In these studies 
poor readers are compared with a control group matched in reading age, that is, a 
group of unimpaired subjects of the same absolute reading level as the poor 
readers. As a result of this matching strategy, the control group normally consists 
of children who are younger than the poor readers. The point of comparing two 
groups of this kind is that possible differences between the groups cannot be 
attributed to one of the two groups being more advanced in reading than the other. 
The research reported in Tunmer et al. (1987) is one of the first examples of this 
type of study. Tunmer and colleagues compared a group of 8-year-old poor readers 
with a group of 6-year-old good readers of the same reading age. Subjects were 
administered an oral cloze task (a task in which subjects are asked to complete 
sentences relying on syntactic information), and a sentence correction task. The 
poor readers, despite being older and with more reading practice, scored 
significantly worse than the controls in these tasks. These results, given the 
experimental design, cannot be attributed to the differences in reading experience. 

The second type of evidence comes from longitudinal studies testing the 
linguistic competence of dyslexic children before they receive reading instruction. 
The studies by Scarborough (1990; 1991) and Wilsenach (2006) reviewed above 
are relevant examples. Both studies show that there are significant differences 
between at-risk children and normally developing children in the domain of syntax. 
These problems cannot be attributed to differences in reading experience since the 
subjects of both groups had not received any reading instruction at all by the time 
they were tested.  

These two types of evidence show that it is not possible to reduce the 
grammatical deficit of dyslexic subjects to their lack of reading experience. Even 
though it is possible that reading experience has an impact on the linguistic 
development of children, reading experience alone cannot explain the results 
provided by reading-age-match and longitudinal studies. 

A second possible explanation is that the general linguistic problem found 
among dyslexic subjects is an epiphenomenon of the phonological deficit. It could 
be the case that the poor readers’ inefficiency in dealing with the processing of 
phonological representations has a disruptive impact on the whole sentence 
processing system. Then, the comprehension and production problems could be 
explained by maintaining that dyslexia is due to a restricted phonological deficit, 
without assuming a more general linguistic deficit. Important evidence in favor of 
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this hypothesis is provided by Mann and colleagues (Mann et al. 1984), who tested 
the comprehension and repetition of relative-clause sentences in dyslexics and 
good readers. In the sentence repetition test subjects were asked to repeat different 
types of relative-clause sentences (SS, SO, OS, and OO). The authors found that 
dyslexics made more errors than good readers in repeating relative-clause 
sentences but they also found that the sentence type had had little effect on the 
number of errors. The dyslexic children were simply worse in general, 
independently of whether the sentence was a SS, SO, OS, or OO relative-clause 
sentence. This first finding shows that grammatical complexity has no effect on 
dyslexic subjects’ ability to repeat a sentence. In the second test, a comprehension 
task, children were asked to act out the content of different types of relative clause 
sentences. The authors found that poor readers made more errors than good 
readers. However, they also found that the relative difficulty of the different types 
of test sentences was the same for both dyslexics and good readers, contrary to 
what is reported in Stein et al. (1984). This second finding demonstrates that 
variations in grammatical structure had no effect on dyslexics’ ability to 
comprehend relative-clause sentences.  

There is more evidence in the literature in favor of the hypothesis 
according to which the grammatical deficit is an epiphenomenon of the 
phonological deficit (see a.o. Bar-Shalom et al. 1993). However, there are also 
good reasons to reject it. The studies reviewed in the previous section provide at 
least two important challenges for the restricted phonological hypothesis. First of 
all, some of the studies show that the degree of grammatical complexity does affect 
dyslexic subjects’ ability to comprehend sentences. Byrne (1981) found that 
dyslexics and good readers were equally good in the comprehension of sentences 
like (2), repeated below as (11a) for the reader’s convenience, but only dyslexics 
experienced trouble in the comprehension of sentences like (3), repeated below as 
(11b).  

(11)  a. The bird is happy to bite 

b. The bird is tasty to bite 

This difference cannot be accounted for in terms of phonological complexity: (11b) 
is as phonologically complex as (11a). Rather, the two sentences differ in their 
underlying grammatical structures and it is only this type of difference that can be 
held responsible for the results reported by Byrne.  

Another case in point is the study by Waltzman and Cairns (2000). Here, 
dyslexics differ from good readers only with respect to one of the three binding 
principles, i.e. principle B. In the other conditions dyslexics score as well as good 
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readers. Also these facts cannot be explained as byproducts of a phonological 
deficit since it is not possible to account for the difference between binding 
principles in terms of phonological complexity. Similar considerations can be 
made about Wilsenach’s (2006) finding that argument structure complexity has a 
stronger effect on auxiliary omission among at-risk children, but sentence length 
has no effect. Even when sentence length was maintained constant, at-risk children 
were more likely to omit the auxiliary in sentences with verbs with a complex 
argument structure than in sentences with verbs with a simple argument structure.  

A second challenge for the hypothesis that the sentence production and 
comprehension problems of dyslexics are byproducts of the phonological deficit is 
provided by Scarborough’s (1990; 1991) finding that measures of syntactic 
competence in the preschool years were unique predictors of reading disability at 
age 8 years, whereas phonological skills did not account for significant variance in 
the outcome. If the restricted phonological hypothesis were correct, the opposite 
pattern should have been found. Notably, important correlations between preschool 
syntactic abilities and reading achievements at a later age have also been found in a 
number of subsequent studies, among which Gallagher et al. (2000) and Rispens 
(2004).  

These two observations suggest that the problems dyslexic subjects 
experience with sentence production and comprehension cannot be solely due to a 
phonological deficit, but must have an independent source. In the end, the 
processing problem associated with dyslexia may extend to domains of language 
different from phonology. Dyslexic subjects may also be affected by a deficiency 
in processing grammatical representations. Does this mean that grammatical 
limitations per se are responsible for reading failure? The evidence considered so 
far does not provide a conclusive answer. A reasonable perspective on this issue 
can be found in Scarborough (1991): 

[…], instead of casting the preschool characteristics of dyslexic children 
as ‘precursors’ and the reading problems of these children as ‘outcomes,’ 
it might be more helpful to view both as successive, observable symptoms 
of the same condition. I am thus inclined to believe that syntactic 
limitations per se are not largely responsible for the dyslexic child’s 
difficulties in learning to read in any directional or causal sense, but rather 
that the prediction of a later symptom (reading problems) from an earlier 
one (syntactic problems) arises because each symptom reflects the same 
underlying dimension of individual difference. Therefore, while the 
education goal may be to explain reading difficulty for its own sake, the 
neuropsychological goal is to define the nature of the fundamental 
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difficulty that manifests itself most evidently, but not solely, as 
underachievement in reading. (Scarborough 1991:226-227) 

Scarborough makes a very important distinction between two different 
perspectives on the study of dyslexia. The first perspective, the ‘educational’ 
perspective – borrowing Scarborough’s own terminology – aims at defining the 
direct cause of the reading difficulty experienced by dyslexic subjects. The 
phonological deficit hypothesis is, in this respect, a rather satisfactory theory since 
it defines, quite precisely, the source of the reading problem. There is, however, a 
second perspective towards the study of dyslexia, which Scarborough hails as 
‘neuropsychological’, whose goal is to define the neurocognitive deficit associated 
with dyslexia. With respect to this second perspective, the phonological theory is 
unsatisfactory. It only accounts for the reading and phonology related deficits, 
leaving unexplained the occurrence of a number of comprehension and production 
problems. In this dissertation, I intend to pursue the neuropsychological 
perspective by formulating hypotheses about the nature of the cognitive deficit 
underlying dyslexia. In accordance with this perspective, I take the study of the 
language related problems of dyslexic subjects to be a fundamental means of 
access to a better understanding of such a deficit. That is, a satisfactory theory of 
dyslexia should explain not only the occurrence of a reading impairment but also 
the occurrence of the comprehension and production problems discussed in this 
section.  

1.5  The Procedural Memory Deficit Hypothesis (PMDH) 

In the preceding sections it was shown that dyslexia is associated with a 
phonological deficit. This deficit is, arguably, the primary cause of the reading 
problems experienced by dyslexic subjects. It was also shown that dyslexic 
subjects experience problems in comprehending and producing certain complex 
grammatical structures. Not all of these more general linguistic problems, however, 
could be explained as byproducts of the phonological deficit and, therefore, they 
were claimed to have a different source. Following a suggestion by Scarborough 
(1991), I assumed that the reading deficit and the linguistic deficit should be 
regarded as different symptoms of the same underlying neurocognitive deficit. 
Under this perspective, I took the study of the linguistic deficit associated with 
dyslexia to be an important step towards a better understanding of the 
neurocognitive impairment underlying dyslexia. The primary goal of this 
dissertation is to propose a hypothesis about the cognitive bases of dyslexia. In this 
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last section, I introduce and discuss a first working hypothesis, the Procedural 
Memory Deficit Hypothesis. 

The Procedural Memory Deficit Hypothesis (PMDH, for short) goes as 
follows: 

PMDH: Dyslexic subjects suffer from a deficit affecting the procedural 
memory system. 

The hypothesis is based on the Declarative/Procedural Model proposed by Ullman 
(2001; 2004). Before proceeding with the discussion of the PDMH, I will introduce 
the main features of Ullman’s model. 

1.5.1 The Declarative/Procedural Model of Lexicon and Grammar 

Language depends upon two fundamental components: a mental lexicon and a 
mental grammar. The mental lexicon is defined as the repository of all 
idiosyncratic word specific information, including words and expressions whose 
phonological forms and meanings cannot be derived from each other. The mental 
grammar is defined as the set of rules that constrain how lexical information and 
abstract symbols or features can combine to make complex representations. In 
other words, the mental lexicon contains the building blocks complex expressions 
are composed of; the mental grammar is the set of operations that make possible to 
combine the blocks together. The Declarative/Procedural Model of Lexicon and 
Grammar (see Ullman 2001; 2004) posits that the distinction between mental 
lexicon and mental grammar is tied to the distinction between two memory 
systems: the declarative memory system and the procedural memory system. The 
declarative memory system is the system that supports the acquisition and 
maintenance of knowledge about facts and events. The procedural memory system 
is the memory system that supports the acquisition and processing of rule governed 
cognitive and sensorimotor skills. In a nutshell, the idea is that the declarative 
memory system supports the mental lexicon whereas the procedural memory 
system supports the mental grammar.  

Let us consider in some more details the two memory systems. The 
declarative memory system is a complex memory system that depends mainly on 
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medial temporal lobe structures3. It is characterized by the following main 
functional features: (i) It is the memory system implicated in the learning, 
representation, and use of knowledge about facts and events; (ii) it is important for 
the rapid learning, based on a single stimulus presentation, of arbitrarily related 
information; (iii) the information learned by the system is not informationally 
encapsulated, in the sense that it can be influenced by other mental systems; (iv) at 
least part of the information can be consciously (“explicitly”) recollected. The 
declarative memory system is, then, the memory system responsible for our 
knowledge of facts about the world and for the acquisition of such knowledge. 

The procedural memory system, a complex memory system mainly rooted 
in frontal/basal ganglia circuits4, is characterized by the following main features: 
(i) It is the memory system that subserves the learning of new and the control of 
established sensorimotor and cognitive skills and procedures; (ii) it is important for 
the learning and processing of stimulus-response rule-like relations in real-time 
sequences, be they sensorimotor or cognitive; (iii) the learning of knowledge and 
the knowledge itself is generally not available to conscious access (i.e. it is 
“implicit”); (iv) the learning is gradual; (v) the system is informationally 
encapsulated, in the sense that the relations processed by the system are rule-like, 
inflexible, not influenced by other mental systems. 

Let us briefly compare the two systems. Declarative memory supports the 
acquisition and maintenance of knowledge about facts and events whereas 
procedural memory supports the acquisition and maintenance of skills and 
procedures. Declarative memory supports the rapid and explicit learning of new 
knowledge whereas the knowledge supported by the procedural memory system is 
learned gradually and implicitly. The knowledge supported by the declarative 
memory system can be consciously recollected and can be accessed by other 
memory system (i.e the system is not informationally encapsulated) whereas the 
knowledge supported by the procedural memory system cannot be consciously 
accessed nor it can be accessed by other memory systems (i.e. the system is 
informationally encapsulated). It is also very important to keep in mind that both 
the procedural and the declarative memory systems are composed of a complex 
network of brain structures and a number of subsystems and that neither system 
exclusively underlies linguistic abilities (the idea is that analogous computations 
can underlie a range of cognitive domains). Most importantly, as I understand the 
nature of Ullman’s proposal, the main purpose of the model is to incorporate a 
fundamental property of natural language, the distinction between lexicon and 
                                                             
3For a detailed description of the neuroanatomical, cellular, and molecular properties of the 
declarative memory system see Ullman (2004:235). 
4For a detailed description of the neuroanatomical, cellular, and molecular properties of the 
procedural memory system see Ullman (2004:237). 



Dyslexia and language 35 

grammar, into a widely studied neurocognitive model, and not to construct a 
cognitive model on the basis of some property of language. 

According to the Declarative/Procedural Model the brain system 
underlying declarative memory also underlies the mental lexicon: ‘It subserves the 
acquisition, representation and use not only of knowledge about facts and events, 
but also about words. It stores all arbitrary, idiosyncratic word-specific knowledge, 
including word meanings, word sounds, and abstract representations such as word 
categories’ (Ullman 2004: 244). The brain system underlying procedural memory 
subserves the mental grammar: It ‘underlies the learning of new, and the 
computation of already-learned, rule-based procedures that govern the regularities 
of language – particularly those procedures related to combining items into 
complex structures that have precedence (sequential) and hierarchical relations’ 
(Ullman 2004: 245). 

In sum, the Declarative/Procedural Model assigns two components of the 
language faculty to two different cognitive systems. The mental lexicon is 
supported by the declarative memory system, the system that supports the explicit 
knowledge of facts and events. The mental grammar is supported by the procedural 
memory system, the system that supports the implicit knowledge of rule-based 
procedures. 

1.5.2 The Procedural Memory Deficit Hypothesis 

Now that the main features of the Declarative/Procedural model have been 
introduced, let us go back to the PMDH. The PMDH states that dyslexic subjects 
suffer from a deficit affecting the procedural memory system. According to the 
hypothesis, dyslexics have an impaired procedural memory system but a spared 
declarative memory system. Consequently, dyslexic subjects are predicted to be 
impaired in their ability to perform those activities that rely on knowledge 
supported by the procedural memory system but unimpaired in their ability to 
perform those activities that rely on the declarative memory system. It is expected, 
then, that the mental grammar of dyslexic subjects, and, more generally, the 
combinatorial aspects of language, are impaired whereas the mental lexicon is 
spared. 

As discussed in the preceding sections (see 1.2-1.4), dyslexic subjects 
have problems related to the processing of phonological representations and to the 
production and comprehension of certain grammatical constructions. Moreover, 
the grammatical difficulties are in most cases associated with the level of 
grammatical complexity (e.g. subject control sentences versus object control 
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sentences; binding condition B versus conditions A and C; simple argument 
structure sentences versus complex argument structure sentences; etc.). The PMDH 
accounts for these facts by positing that dyslexic subjects are characterized by an 
impaired procedural memory system and, consequently, by a deficient capacity to 
implement the combinatorial, rule governed, aspects of language, be they 
phonological or syntactic. As a consequence, dyslexic subject are impaired in their 
capacity to process both phonological and syntactic representations. Moreover, 
their processing difficulties are directly correlated to the degree of complexity of 
the task. A word with a complex phonological representation is more likely to 
trouble a dyslexic subject than a word with a simpler phonological representation 
because it is more demanding in terms of procedural resources. Similarly, a 
sentence with a complex syntactic representation is more likely to trouble a 
dyslexic subject than a sentence with a simpler syntactic representation because it 
is more demanding in terms of procedural resources.  

The PMDH also predicts spared lexical competence. At first sight this 
prediction is not borne out. In fact, it has been often claimed that dyslexics are 
characterized by ‘subtle dysnomia’, a weak type naming disorder (see a.o. Denkla 
and Rudel 1976). However, it must be taken into account that the lexical 
competence question comprises two distinct sub-questions: the vocabulary 
question – do dyslexic subjects have (un)impaired lexical knowledge? – and the 
retrieval question – do dyslexic subjects have problems in retrieving lexical items? 
This distinction is of crucial importance in the framework of the PMDH hypothesis 
since, according to Ullman’s proposal, lexical knowledge is supported by the 
declarative memory system whereas the retrieval of words from the lexicon is 
supported by the procedural memory system. In a 5 year long perspective study, 
Wolf and colleagues tested the lexical competence of a group of 5 to 10-year-old 
dyslexic children by developing a naming test that would make it possible to 
differentiate vocabulary problems from retrieval problems (see Wolf and 
Goodglass 1986; Wolf and Obregón 1992). In this test, which is a modified version 
of the Boston Naming Test, subjects are shown a drawing and asked to name the 
picture as accurately and quickly as possible; if the subject does not provide the 
correct answer within 15 seconds the item is recorded as missed. After the subject 
has completed all items, the experimenter re-presents the missed items and asks the 
subject to pick out from a list of four words the word that matches the picture. The 
four words are presented orally and include the target word (e.g. ‘comb’), a 
semantic foil (e.g. ‘brush’), a phonological foil (e.g. ‘code’), and a visual foil (e.g. 
‘rake’). This multiple choice component was designed to assess the subjects’ 
ability to recognize the correct, previously missed, target word from an array of the 
most common semantic, phonological, and visual alternatives. Wolf and colleagues 
found no significant difference between poor and good readers in this test; they 
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found that there was a difference between the two groups in that poor readers were 
more likely than good readers to select the correct target in the multiple choice 
array. The authors conclude, on the basis of this finding, that no explanation of the 
naming deficit based on vocabulary knowledge is appropriate; ‘the performance of 
impaired readers on the multiple-choice format points toward the hypothesis that 
for impaired readers the target word is stored, but not available for normal world 
retrieval’ (Wolf and Goodglass 1986:163).  

Then, the prediction made by the PMDH is borne out: Dyslexic subjects 
have knowledge of words and their meaning, a type of knowledge supported by the 
declarative memory system, but experience trouble in the retrieval of lexical items, 
a skill supported by the procedural memory system.  

The PMDH also predicts that dyslexic subjects are impaired in their 
ability to perform automatic motor tasks, given that this skill is supported by the 
procedural memory system. Motor difficulties in dyslexia have been reported by a 
number of authors (Nicolson and Fawcett 1990; 1994; 1995; Fawcett et al. 2001; 
Wolff 2003; Ramus et al. 2003a; Fawcett and Nicolson 2004). It has also been 
reported that dyslexics perform poorly in tasks testing automaticity, implicit motor 
learning, time estimation, and eye-blink conditioning (Chiappe et al. 2002). 
However, these findings have not always been successfully replicated (see Ramus 
et al. 2003). Furthermore, motor impairments are clearly restricted to a subset of 
the dyslexic population, ranging between 30 and 50% (see Ramus et al. 2003). In 
the light of these findings some authors have proposed that the motor deficit has an 
independent source and should be regarded as an optional feature of developmental 
dyslexia (Ramus 2003). In the end, the prediction of a motor impairment in 
dyslexia is only partially fulfilled. Nevertheless, for the time being, I will maintain 
the PMDH as my working hypothesis, regardless of its wrong prediction as for 
what concerns the occurrence of a motor impairment in dyslexia. 

Summarizing the main points of this section, I hypothesized that the 
deficit underlying dyslexia is a deficit affecting the procedural memory system. 
The hypothesis accounts for the occurrence of both the phonological deficit, which 
is the primary cause of the reading impairment, and the more general linguistic 
deficit. Evidence in favor of the hypothesis is provided by the fact that dyslexic 
subjects have spared vocabulary competence but are impaired in the retrieval of 
lexical items. 
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1.6 Summary 

The relation between language and dyslexia has been the subject of a large number 
of studies, at least since Vellutino (1979). It is by now widely assumed that the 
reading difficulties characterizing dyslexic subjects are primarily due to a 
phonological deficit. There is also evidence that dyslexic subjects experience 
problems in domains of language different from phonology. In particular, the 
studies reviewed in this chapter show that dyslexic subjects experience problems in 
the production and comprehension of certain types of grammatical structures. The 
objection has been raised that the grammar-related problems found among dyslexic 
children could be due to their lack of reading experience or to their weak 
phonology. However, a closer look at the data shows that both lines of explanation 
are unsatisfactory and points to the conclusion that the grammatical difficulties 
experienced by dyslexic subjects must have an independent source. This 
conclusion does not entail that the grammatical deficit should be regarded as a 
primary cause of the reading deficit. Rather, I take the view that the study of the 
grammatical difficulties of dyslexic subject should be regarded as an important 
window into the cognitive deficit at the basis of dyslexia. In this chapter, I have 
considered a first working hypothesis, the PMDH, according to which dyslexic 
subjects have a deficient procedural memory system but a spared declarative 
memory system. In the next chapter, I will seek support for the PMDH by testing 
one of its predictions. 



 

Chapter 2 

The interpretation of pronouns: Binding 
and coreference 

The main goal of this dissertation is to 
propose a hypothesis about the nature of 
the cognitive impairment underlying 
dyslexia. A second goal is to investigate 
the abilities of dyslexic subjects in a 
domain of language that has remained 
rather unexplored: semantics. With the 
term ‘semantics’ I do not mean ‘lexical 
semantics’, that is, the study of the 
meaning of words. I rather refer to the 
capacity of deriving the meaning of a 
complex linguistic expression from the 
meaning of its basic units, the way in 
which these units are structured together, 
and the context of use.  

In this chapter, I investigate the ability of dyslexic subjects to interpret 
pronouns. I first introduce an important distinction between two modes of pronoun 
interpretation and I then analyze this distinction in the light of Ullman’s 
Procedural/Declarative model and the PMDH. The ultimate goal of this chapter is 
to test experimentally a prediction made by the PMDH. 

The chapter is organized as follows. In 2.1, I introduce the distinction 
between reference and binding. In 2.2, I discuss such distinction in the light of 
Ullman’s Declarative/Procedural Model. In 2.3, I report the results of an 
experiment (Experiment Ia) administered to a group of Italian dyslexic and age-
matched control children, testing a prediction of the PMDH. In 2.4, I report the 
results of a second experiment (Experiment Ib) administered to a group of Dutch 
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poor readers and age-matched controls. In 2.5, I discuss the results of the 
experiments and their implications for the PMDH. 

2.1 Referential and bound pronouns 

In this section, I introduce the distinction between two distinct mechanisms of 
pronoun interpretation: reference and binding. This distinction will be relevant for 
the distinction between procedural and declarative memory. 

2.1.1 Pronouns as referring to contextually relevant individuals 

How are pronouns interpreted? A first intuitive hypothesis is that pronouns are 
interpreted as referring to individuals or entities that are salient in the context of 
use. This simple hypothesis explains a number of uses of pronouns. Let us consider 
three of them, starting from deixis. Consider example (1).  

(1) He won the race 

Suppose that, while uttering (1), the speaker points at John. Then, sentence (1) is 
interpreted as expressing the fact that John won the race. John is made salient in 
the context of utterance of (1) by the speaker’s pointing gesture. Consider now the 
case of discourse reference, as exemplified in the dialog in (2). 

(2) Speaker A: I haven’t seen Bill today. 

Speaker B: He is sick. 

Here, he is naturally interpreted as referring to Bill and the sentence uttered by 
speaker B is interpreted as expressing the fact that Bill is sick. Bill is a salient 
individual in the context of utterance because he has been mentioned in the 
previous discourse and he is the topic of the conversation. Consider, finally, the 
case of sentence internal coreference, as exemplified in (3). 

(3) Ralph painted his bike 
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In this example, the possessive pronoun his can be interpreted as referring to Ralph 
and the sentence as meaning that Ralph painted Ralph’s bike. Ralph is a salient 
individual in the context because he has been mentioned in the very same sentence 
in which the pronoun occurs. I said that his ‘can’ be interpreted as referring to 
Ralph because his could also be interpreted deictically.  

In all these cases, the interpretive mechanism is the same: Interpret he (or 
his) as referring to a male individual that is salient in the context. What varies 
among the examples is the way in which the relevant individual is made salient in 
the context. In (1), John is made salient by the speaker’s pointing gesture; in (2), 
Bill is salient because has been mentioned in the preceding discourse; in (3), Ralph 
is salient because he has been mentioned in the same sentence in which the 
pronoun occurs. In all cases the interpretation of the pronoun requires scanning the 
context of utterance and picking out an individual.  

2.1.2 Pronouns as bound variables 

Consider again example (3). In the preceding section, I proposed that the relevant 
reading is obtained by interpreting the pronoun as referring to the individual Ralph, 
who is a salient individual in the context, given that he has been mentioned in the 
same sentence as the pronoun. This proposal is supported by the fact that his can 
be replaced salva veritate with the proper name Ralph, which also refers to the 
individual Ralph: 

(4) Ralph painted Ralph’s bike 

Under the intended reading of (3), sentence (4) expresses the same meaning as (3). 
 Consider now sentence (5). 

(5) Every boy painted his bike 

What is the referent of his in this case? Let us start by noticing that in (5) it is not 
possible to take the pronoun as referring to the same entity as the NP every boy. 
Sentence (5), in fact, does not express the same meaning as (6).  

(6) Every boy painted every boy’s bike 
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Suppose that the relevant domain includes just three boys: John, Bill, and Ralph. In 
such context, (6) expresses the fact that John painted the bike of every boy (that is, 
John, Bill, and Ralph), Bill painted the bike of every boy, and Ralph also painted 
the bike of every boy. The situation denoted by (6) is schematically depicted in 
FIGURE 1, where arrows stand for painting. 

FIGURE 1 

 
 John    Johnʼs bike 

 
 
 
 
Bill    Billʼs bike 
 
 
 
 
Ralph    Ralphʼs bike 
 

 
The situation depicted in FIGURE 1 is not the situation referred to by sentence (5). 
Rather, (5) says that every boy painted his own bike; that is, John painted John’s 
bike, Bill painted Bill’s bike, and Ralph painted Ralph’s bike, as depicted in 
FIGURE 2. In other words, (5) expresses the fact that, in the relevant domain, every 
individual who is a boy is also an individual who painted his own bike.  

FIGURE 2 

 John    Johnʼs bike 
 
 
Bill    Billʼs bike 
 
 
Ralph    Ralphʼs bike 
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The fact that (5) and (6) do not express the same meaning in the same way as (3) 
and (4) do, is due to the fact that quantificational NP’s, such as every boy, some 
students, or no policeman, do not refer to individuals5 and therefore do not 
introduce a discourse referent that can be picked up by a pronoun. In other words, 
in sentence (5) his cannot be taken as referring to the same individual referred to 
by the NP every boy because that NP does not refer to any individual at all.  

What is then the meaning of a quantificational NP like every boy? 
According to an influential theory (the theory of Generalized Quantifiers; see 
Barwise and Cooper 1981), determiners like every, some, or no, denote relations 
between sets of individuals; every, for example, denotes the subset relation. In 
example (7), it relates the set of individuals that are boys with the individuals that 
are runners and the sentence is true just in case the set of boys is a subset of the set 
of runners, as depicted in FIGURE 3. 

(7) Every boy runs 

FIGURE 3 

Domain of quantification 
 

Runners 
 

Boys 
 

 
 
 
 
 
 
 
 

                                                             
5 Nor do they refer to sets of individuals. If this were the case, NP’s such as no policeman, 
no student, or no friend of John would all denote the empty set and the sentences no 
policeman arrived, no student passed the exam, and no friend of John came to the party 
would all have the same truth conditions (see Geach 1972). 
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Adopting a meta-language (that is, a language that describes the meaning of object-
language expressions) that includes variables over individuals, the meaning of (7) 
can be expressed as follows: For every individual x (in the domain), if x belongs to 
the set of boys, then x belongs also to the set of runners. More concisely: 

(8) For every x, if x is a boy, then x runs. 

The formalization in (8) represents an important achievement, since it gives us the 
tools to formalize the meaning of (5) and, therefore, to understand the semantic 
contribution of his in examples like (5). As I said, in (7) every expresses the subset 
relation between the set of individuals x who are boys and the set of individuals x 
who runs. Similarly, we can say that in (5) every expresses the subset relation 
between the set of individuals x who are boys and the set of individuals x who 
painted x’s bike. More concisely: 

(9) For every x, if x is a boy, then x painted x’s bike. 

Then, how does the pronoun his in (5) contribute to deriving the meaning 
expressed by (9)? The pronoun provides an extra variable x which is logically 
bound by the determiner every. Compare the semantic contribution of the VP runs 
in (7) with that of the VP painted his bike in (5): runs denotes the set of individuals 
x such that x runs; painted his bike denotes the set of individuals x such that x 
painted x’s bike. We will say, then, that in (5) his is interpreted as a variable 
‘bound’ by the antecedent NP every boy. We will call the antecedent NP ‘binder’, 
the bound pronoun the ‘bindee’, and the relation between them ‘variable binding’ 
or, for short, ‘binding’. 

2.1.3 Towards a modular analysis of pronoun interpretation 

Partee (1978) considered the distinction between pronouns used to refer to entities 
and pronouns used as bound variables from a processing perspective. The 
following quote summarizes her view: 

The bound variable use is best described at the level of syntactic form and 
semantic interpretation of single sentences, and the relevant question is 
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not what the pronoun refers to, but what quantifier phrase is binding it. 
The pragmatic use (that is, the use of a pronoun to refer to a contextually 
salient entity, GF) is best described at the pragmatic level, where the full 
context of the sentence is considered. (Partee 1978:81) 

In a nutshell, Partee regards variable binding as a grammatical issue and reference 
to salient entities as a pragmatic/contextual issue. In the following sections, I 
enumerate a number of features that distinguish the referential and bound use of 
pronouns.  

2.1.4 Context dependency 

A first important difference between referential and bound pronouns is described in 
terms of context dependency: The interpretation of referential pronouns, that is, 
pronouns used to refer to salient entities, requires access to contextual information 
whereas the interpretation of bound pronouns does not. Interpreting a referential 
pronoun requires accessing the context and finding a suitable entity. Interpreting a 
bound pronoun requires finding the NP that binds the pronoun; it does not require 
finding an appropriate entity in the context of utterance. 

2.1.5 Antecedent dependency and c-command 

A pronoun can be interpreted as a bound variable only if it has an antecedent NP 
binding it whereas a referential pronoun does not necessarily require an antecedent 
in order to be interpreted. This is demonstrated by the examples of deictic use of 
referential pronouns (see 1), in which the individual referred to is made salient by 
non linguistic factors, like a pointing gesture. Importantly, the relation of variable 
binding is restricted to certain grammatical configurations.  

First of all, a pronoun can be interpreted as a bound variable only if it 
appears in the same sentence as its antecedent.6 Compare (10) with (11).  

                                                             
6 There are at least two important counterexamples to this statement. The first 
counterexample, reported in Partee (1978) and attributed to David Kaplan, is represented by 
the following short dialogue: 
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(10) No policeman expects that he will get fired  

(11) No policeman arrested the criminal. He will get fired. 

In (10) he can be interpreted as a variable bound by the NP no policeman. Under 
this reading, the sentence means that no policeman is an x such that x expects that x 
will get fired. In (11), on the other hand, he cannot be interpreted as bound by no 
policeman and the sentence cannot mean that no policeman is an x such that x 
arrested the criminal and x will get fired.  

Secondly, a pronoun can be interpreted as a bound variable only if it is c-
commanded by its antecedent. The relation of c-command, originally introduced 
by Reinhart (1976), is a structural relation between nodes in the syntactic structure 
defined as follows: 

                                                                                                                                             
(i)  A: Could a woman become chairman of the Philosophy Department? 
 B: Yes, if she’s qualified. 
 
Partee proposes to treat she as bound by an unexpressed antecedent within the second 
sentence, which is not as it stands a complete sentence, but rather a shortened version for the 
full sentence ‘a woman can become chairman of the Philosophy Department if she’s 
qualified.’ A second type of counterexample is represented by E-type pronouns. Consider 
the following example (from Heim and Kratzer 1998:280; adapted from Evans 1980): 
 
(ii) Only one congressman admires Kennedy. He is very junior. 
 
Here, he seems to be bound by the quantified NP only one congressman. Notice, however, 
that treating he as a bound variable, as in (iii), does not provide the correct meaning: 
 
(iii) There is only one x such that x admires Kennedy ∧ x is very junior.  
 
If (iii) represented the correct meaning of (ii), (iii) should be truthfully uttered in a context in 
which there are three congressmen, say A, B, and C, that admire Kennedy and three 
congressmen, say C, D, and E, that are very junior. The sentence should be true in this 
context because it is true that there is only one congressman, namely C, that is both an 
admirer of Kennedy and very junior. Our intuition, however, tells us that (ii) should be false 
in such scenario and that (iii) is an incorrect representation of its meaning. There is an 
extensive literature on this subject, which includes a number of proposals on how to treat E-
type pronouns. What matters here is the observation that E-type pronouns must be 
distinguished from bound pronouns and examples such as (ii) do not count as valid 
counterarguments to the generalization that a pronoun can be interpreted as a bound variable 
only if it appears in the same sentence as its antecedent.  
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(12) C-command: 
A node α c-commands a node β iff (i) neither node dominates the other, 
and (ii) the first node dominating α also dominates β. 

To see (12) at work, consider the node K in the abstract structure in (13). K c-
commands the nodes L, M, and N since none of these nodes dominates or is 
dominated by K and the first node dominating K (that is, Y) also dominates L, M, 
and N. The c-command domain of K, that is the set of nodes c-commanded by K, 
is indicated by the dashed ellipse. Notice also that K does not c-command Z since 
the first node that dominates K (that is, Y) does not dominate Z.  
 
(13)   X 

 
Y  Z 

 
 K  L 
 
  M  N 
 
 
Informally, the c-command domain of an element α corresponds to the sister of α 
and all the elements that α’s sister contains.  

Reinhart (1976; 1983a) discovered that an NP can bind only the pronouns 
that occur within its c-command domain. Consider the following pair of examples: 

(14) Every criminal thinks that people hate him  

(15) The policeman who arrested every criminal thinks that people hate him 

Whereas in (14) him can be interpreted as bound by every criminal – meaning that 
for every x, if x is a criminal, then x thinks that people hate x – in (15) it cannot. 
That is, (15) cannot mean that the policeman that arrested every x such that x is a 
criminal thinks that people hate x. The difference between the two sentences is that 
in (14) him is in the c-command domain of every criminal (see the structure in 16) 
whereas in (15) it is not (see 17): 
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(16)         S 
 
 NP   VP 
     Every criminal 
   V  S 
                        thinks 
    NP  VP 
                            people 
     V  NP 
                               hate               him 
 
 
 
(17)     S 
  
  NP    VP 
 
 NP  S  V  S 
    The policeman             thinks 
  who  S  NP  VP 
                 people 
   V  NP  V             NP 
           arrested       every criminal            hate             him 

 
 
 
To sum up, variable binding is restricted to grammatical configurations that meet 
certain structural criteria: (i) Binder and bindee must occur in the same sentence 
and (ii) the binder must c-command the bindee.7 

The same does not hold for referential pronouns. A pronoun can be used 
to refer to the same entity referred to by an NP that does not c-command it. 
Consider (18), which is a variant of (15) obtained by replacing the quantified NP 
every criminal with the proper name Bill (recall that the difference between every 
criminal and Bill is that the latter, but not the former, introduces a discourse 
referent). 

                                                             
7 The condition that binder and bindee occur in the same sentence is entailed by the 
condition that the binder c-commands the bindee, since c-commands can hold exclusively 
between elements that occur in the same sentence. Therefore, the former condition is 
redundant given the latter. I mentioned both of them for clarity’s sake.  
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(18) The policeman who arrested Bill thinks that people hate him 

In (18) him can be interpreted as referring to the same entity referred to by the NP 
Bill, despite the fact that Bill does not c-command him. The NP Bill introduces an 
entity in the context and no structural condition blocks the possibility of referring 
to that entity by means of a pronoun.  

In sum, variable binding is restricted to specific structural environments 
whereas the possibility of referring to a discourse entity is structurally unbound 
and subject only to contextual factors. This observation counts as evidence in favor 
of Partee’s view that the use of pronouns as bound variables is a grammatical issue, 
subject to grammatical restrictions, whereas the use of pronouns as referring to 
discourse entities is a pragmatic issue, subject to pragmatic considerations. 

2.1.6 VP-ellipsis and the strict/sloppy ambiguity 

An extra piece of evidence in favor of the distinction between bound and 
referential interpretation of pronouns is represented by the sloppy/strict ambiguity 
of VP-ellipsis sentences.  

So far we have distinguished two modes of pronoun interpretation: (i) 
reference – the pronoun receives a value from the discourse storage; (ii) binding – 
the pronoun is interpreted as bound by a c-commanding antecedent. If we combine 
this idea with the observation that not only quantificational NP’s (such as every 
criminal or some policemen) but also proper names (such as John or Bill) can be 
variable binders, that is, plausible antecedents for bound pronouns, we predict that 
sentence (19) has two interpretations, depending on whether the pronoun his is 
interpreted as referring to the individual John (see 19a) or as a variable bound the 
antecedent NP John (see 19b). 

(19) John painted his bike 

a. John is an x such that x painted John’s bike 

b. John is an x such that x painted x’s bike  

At first sight, this may seem a rather redundant result since the meanings expressed 
by (19a) and (19b) are actually identical. It seems, then, that the theory as stated 
predicts that sentences like (19) have a type of ambiguity that is completely trivial. 
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A closer look to the facts, however, provides evidence that the ambiguity 
described in (19) is linguistically relevant. Williams (1977) noticed that a sentence 
like (20) is ambiguous. It can be interpreted as in (20a) or as in (20b). The 
interpretation in (20a) is commonly referred to as ‘strict reading’ whereas the 
interpretation in (20b) is known as ‘sloppy reading’.  

(20) John paints his bike and Bill does too 

 a. John paints John’s bike and Bill paints John’s bike 

b. John paints John’s bike and Bill paints Bill’s bike 

Sentences like (20) are sentences in which a part has been left unpronounced. In 
particular, in the case of (20) it is the VP of the second conjunct that has been left 
unpronounced. We can represent the underlying structure of (20) as in (21), where 
the VP of the second conjunct has been elided at the level of phonological 
representation.  

(21)     IP 

  IP  and  IP 

 
NP  I’  NP  I’ 

          John              Bill 
  I  VP  I  VP 
       [3rd pers.]          does too 
         paint his bike            paint his bike 
 
 
Elision of a chunk of a sentence is a highly constrained operation that is licensed 
only under constrained conditions.8 First of all, the elided chunk must be 

                                                             
8 What I am presenting here is a rough version of the LF-identity hypothesis (see Fiengo and 
May 1994) according to which elision is licensed under LF identity between the elided 
element and its antecedent. LF (that is, Logical Form) is the level of syntactic representation 
that is interpreted by the semantic component. Crucially, the interpretation of pronouns is 
encoded at this level: Reference is represented via a referential index on the pronoun; 
variable binding is represented via coindexation between the pronoun and its antecedent. 
Then, the LF-identity hypothesis captures the fact that ellipsis does not only entail formal 
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recoverable from the preceding discourse. More precisely, the elided element must 
correspond in its form to an antecedent element in the preceding discourse. In (21), 
this condition is met, since the elided VP of the second conjunct has the same form 
of the VP in the first conjunct. A second requirement is identity of meaning: The 
elided element must receive the same interpretation assigned to its antecedent. 
Here we encounter some complications. In the case of (21) the antecedent VP is 
ambiguous, since it contains a pronoun that can either be interpreted as referring to 
the individual John or as bound by the c-commanding antecedent NP John (see 
19). Let us suppose that the pronoun in the antecedent VP is interpreted as 
referring to John; the requirement that the elided VP have the same meaning as its 
antecedent forces us to interpret the pronoun in the elided VP as referring to John. 
Then, if the pronoun in the first conjunct is interpreted as referring to John, the 
whole sentence (20) ends up meaning that John is an x such that x paints John’s 
bike and Bill is a y such that y does paint John’s bike, too. This interpretation 
corresponds to the strict reading (see 20a). Suppose now that the pronoun in the 
antecedent VP is interpreted as a variable bound by its c-commanding antecedent 
John. Then, also the pronoun in the elided VP must be interpreted as bound by its 
c-commanding antecedent and the whole sentence (20) ends up meaning that John 
is an x such that x paints x’s bike and Bill is a y such that y paints y’s bike. This 
interpretation corresponds to the sloppy reading (see 20b).  

We started from the observation that the introduction of two distinct 
modes of pronoun interpretation predicts that sentences like (19) are ambiguous 
between the reading in (19a), in which the pronoun is interpreted as referring to the 
individual John, and the reading in (19b), in which the pronoun is interpreted as a 
variable bound by a c-commanding antecedent. At first sight, this seemed to be a 
redundancy of the system, given that the meanings expressed by (19a) and (19b) 
are truth-conditionally identical. The discussion of VP-ellipsis sentences, however, 
provides evidence that the ambiguity described in (19) is not trivial. It determines 
the interpretation of the elided VP and, therefore, explains the ambiguity of 
sentences such as (20). Essentially, if the pronoun in the antecedent VP is 
interpreted as referring to a certain salient individual, also the pronoun in the elided 
VP is interpreted as referring to that individual; if the pronoun in the antecedent 
VP is interpreted as bound by a c-commanding antecedent, also the pronoun in the 
elided VP is interpreted as bound by a c-commanding antecedent. In the end, VP-
ellipsis sentences provide further evidence in favor of the distinction between 
reference and binding. The ambiguity of (19) is not trivial, after all; it is simply 
‘invisible’ when the sentence is considered in isolation, but it becomes relevant 
when the sentence is considered in the context of a sentence like (20). 
                                                                                                                                             
identity between the elided phrase and its antecedent but also identity among the aspects of 
interpretation that are encoded at LF, including pronoun interpretation. 



Chapter 2 52 

2.1.7 Psychological evidence 

A number of studies, some of which I am going to review briefly, show that the 
bound use of pronouns is habitually preferred over the referential use and is, in 
terms of processing resources, less demanding than the referential use. Most of 
these experimental studies make use of VP-ellipsis sentences with a strict/sloppy 
ambiguity in order to uncover language users’ interpretive preferences and 
processing strategies. VP-ellipsis sentences are a useful tool for the investigation of 
the psychological mechanisms responsible for the interpretation of pronouns. To 
understand why, recall how a sentence like (20), repeated below as (22), is 
ambiguous between a strict (see 22a) and a sloppy (see 22b) reading. In the 
previous section, I contended that the strict reading results from interpreting the 
pronoun his in the first conjunct as referring to the individual John whereas the 
sloppy reading results from interpreting the pronoun as a variable bound by the c-
commanding antecedent John. Therefore, if a language user assigns (22) a strict 
reading, we can deduce that she interpreted the pronoun as referring to John; if she 
goes for the sloppy reading, we can infer that she interpreted the pronoun as bound 
by the c-commanding antecedent John. In other words, preference for the strict 
reading means preference for the referential use of pronouns; preference for a 
sloppy reading means preference for the bound use of pronouns.  

(22) John paints his bike and Bill does too. 

 a. John paints John’s bike and Bill paints John’s bike 

b. John paints John’s bike and Bill paints Bill’s bike 

Fiengo and May (1994) and Shapiro et al. (2003) report that adult speakers of 
English, when presented with an ambiguous VP-ellipsis sentence in a context that 
does not bias any of the two possible interpretations, have a significant preference 
for the sloppy reading and, therefore, for the bound use of pronouns. The 
preference for the sloppy reading becomes even more significant among preschool 
children (see Guo et al. 1996 and Foley et al. 1997 for data from English and 
Chinese speaking children; see Vasić 2006 for data from Dutch speaking children) 
and agrammatic aphasics (see Vasić 2006), which are populations of subjects with 
reduced processing resources. These facts indicate that, in those contexts in which 
a pronoun can be felicitously interpreted either as referential or as bound, the 
bound interpretation is favored. 
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Other studies have investigated the online processing of pronouns. Frazier 
and Clifton (2000) report the results of a self-paced-reading test in which subjects 
were asked to read sentences like (23) and (24). Both sentences are cases of VP-
ellipsis sentences potentially ambiguous between a strict and a sloppy reading. 
However, (23) is biased towards a sloppy reading, since straining denotes a self-
directed action, and (24) is biased towards a strict reading, since it is implausible 
that Alice, a woman, thinks about shaving her face.  

(23) Sally happened to strain her back and Fred did too. 

(24) John thinks it’s a good idea to shave his face before he goes to sleep and 
Alice does too. 

Frazier and Clifton (2000) report longer reading times for the second conjunct of 
(24), the strict biased sentence, than for the second conjunct of (23), the sloppy 
biased sentence. This result provides further evidence that the language parser has 
a preference for the bound interpretation of pronouns.9  

Koornneef (2008) presents the results of a series of eye-tracking 
experiments testing readers’ interpretation of pronouns ambiguous between a 
bound and a referential interpretation. Here, I briefly present two experiments that 
are particularly relevant for the present discussion. In the first experiment, 
Koornneef tested sentences such as (25) in the context of the short stories in (26) 
and (27).10 The story in (26) biases the relevant sentences towards a sloppy 
reading, whereas the story in (28) biases the same sentence toward a strict 
interpretation 

                                                             
9 Notably, Frazier and Clifton (2000) report that the readers’ preference for the sloppy 
reading does not extend to focus sentences like Only Alfred thinks that he is a good cook, 
which are also ambiguous between a sloppy and a strict interpretation (strict interpretation: 
‘Alfred thinks that he is a good cook and no one else thinks that Alfred is a good cook’; 
sloppy interpretation: ‘Alfred thinks that he is a good cook and no one else thinks that he 
himself is a good cook’). The authors conclude that the readers’ preference for the sloppy 
interpretation may be restricted to VP-ellipsis sentences only.  However, Koornneef (2008, 
ch. 3), whose findings are reviewed in the following paragraphs, shows through a series of 
eye-tracking experiments that the preference for bound variable readings does extend to 
different types of constructions, including focus sentences.  
10 The sentences used in Koornneef’s (2008) experiments were all in Dutch. (25-27) are 
English translations (as provided by Koornneef 2008) of the original Dutch materials.  
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(25) Lisa thinks that her pimped room has a touch of class, but Anouk does 
not. 

(26) Lisa and Anouk love the music channel MTV. They were very happy 
when they were selected for the show ‘Pimp My Room’, in which their 
rooms were redecorated. Sadly, Lisa thinks that her pimped room has a 
touch of class, but Anouk does not. Oh well, to each their own taste. 

(27) Lisa and Anouk love the music channel MTV. Lisa was very happy when 
she was selected for the show ‘Pimp My Room’, in which her room was 
redecorated. Sadly, Lisa thinks that her pimped room has a touch of class, 
but Anouk does not. Oh well, to each their own taste. 

In the experiment, subjects were asked to read these and similar short stories and 
their eye movements were recorded. Koornneef found that, in the case of the strict 
biasing stories, subjects had a significant tendency to re-read the sentence 
preceding the target sentence, as confirmed by the second-pass reading-time 
measures, and had difficulties in the ellipsis region (that is, immediately after does 
not), as demonstrated by a number of reading--time measures. Koornneef 
(2008:128) proposes that ‘in strict-biased stories readers experience problems, 
because they initially try to integrate a sloppy interpretation into a strict context. 
Before moving on, they have to change their interpretation to resolve this 
inconsistency and longer regressions path durations are therefore expected.’ 

In a second experiment, Koornneef tested short stories such as (28) and 
(29), where the sentence that is mostly relevant for the test is presented in italics. In 
both (28) and (29), the pronoun he can have two potential antecedents: the NP 
headed by every worker and the proper name Paul. Since every worker is a 
quantificational NP, and therefore does not refer to an individual, the only relation 
between it and the pronoun can be one of variable binding. A bound interpretation 
is possible in this case, since every worker c-commands the pronoun. On the other 
hand, Paul does not c-command him and, therefore, cannot bind it. The only 
possible relation between Paul and him is one of co-reference, according to which 
him refers to the same individual referred to by the proper name Paul. The 
important difference between (28) and (29) is that (28) favors the variable binding 
antecedent every worker and, thus, the bound variable interpretation of the pronoun 
whereas (29) favors the referential antecedent Paul and the co-referential 
interpretation. 

(28) A working day in the factories alongside the North Sea Canal is always 
very tough. Especially today a lot of workers, among them the old Paul, 
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could barely cope. Every worker who just like Paul was running out of 
energy, thought it was very nice that he could go home early this 
afternoon. Hopefully a hot shower would ease the pain. 

(29) A working day in the factories alongside the North Sea Canal is always 
very tough. Especially today the old worker Paul could barely cope. Every 
worker who noticed that Paul was running out of energy, thought it was 
very nice that he could go home early this afternoon. Hopefully a hot 
shower would ease the pain. 

As in the preceding experiment, subjects were asked to read a number of stories 
similar to those in (28) and (29) and their eye movements were recorded. The 
results show a significant difference in processing time between the two sentence 
types: The stories favoring the bound interpretation (see 28) were read faster than 
the stories favoring the co-referential interpretation (see 29). More interestingly, 
Koornneef found that ‘if a pronoun was ambiguous between a variable binding and 
co-reference antecedent, the variable antecedent was initially preferred even if 
discourse information clearly favored the coreference antecedent’ (Koornneef et al. 
2006:65). The results gathered by Koornneef show that the bound variable 
interpretation, when available, is not only the preferred option; it is also the 
interpretation initially chosen, independently of its consistency with the discourse 
context. It is only in a second phase that the bound variable interpretation is 
possibly replaced with a referential interpretation.  
 The experimental findings reviewed so far show that: (i) the bound use of 
pronouns is preferred over the referential use; (ii) interpreting a pronoun as a 
bound variable is cheaper, in terms of processing resources, than interpreting it as 
referring to a salient individual; (iii) the bound interpretation is initially preferred 
over the referential interpretation, even in contexts in which the referential use is 
pragmatically favored. The first observation is confirmed by the fact that language 
users – including adults, agrammatics, and pre-school children – tend to favor the 
sloppy interpretation of ambiguous VP-ellipsis sentences and by the fact that it is 
easier to create a context that biases toward a sloppy interpretation than a context 
that biases toward a strict interpretation. The second observation is confirmed by 
the fact that subjects read sloppy biased VP-ellipsis sentences faster than strict 
biased sentences. The difference in processing cost is, arguably, the primary cause 
of the preference for the bound interpretation. The last observation is supported by 
Koornneef’s findings that a binding antecedent is initially preferred over a co-
referring antecedent, independently of whether the context favors the co-referring 
antecedent and that in strict biased VP-ellipsis sentences subjects tend to reanalyze 
the context by reading again the preceding discourse.  
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2.1.8 Summary 

In the preceding sections, I have introduced a fundamental distinction between two 
different mechanisms of pronoun interpretation: reference and binding. Following 
Partee (1978), I took the view that the use of pronouns as bound variables is best 
described at the level of grammar and grammatical relations, whereas the 
referential use is best described at the level of discourse and language use. This 
view is supported by the following observations: (i) the interpretation of bound 
pronouns is not context dependent, in the sense that it does not require considering 
the context of utterance, whereas the interpretation of referential pronouns requires 
finding an appropriate referent in the context; (ii) the bound use of pronouns 
requires the presence of an antecedent NP whereas the referential use does not; (iii) 
binding is restricted to grammatical configurations in which the pronoun is c-
commanded by its antecedent, whereas coreference between a referential NP and a 
pronoun is not restricted to c-command configurations.  

I also reviewed some psycholinguistic studies showing that: (i) the bound 
use of pronouns is preferred over the referential use; (ii) the bound use is cheaper, 
in terms of processing resources, than the referential use; (iii) the bound 
interpretation is initially preferred by the language parser, even when the context 
favors a different interpretation.  

The view promoted by Partee (1978) is of particular interest in the light of 
the Declarative/Procedural model proposed by Ullman (Ullman 2001; 2004) and 
reviewed in the previous chapter (see 1.5.1). The next section is devoted to 
exploring the possible relations between the model of pronoun interpretation 
discussed so far and Ullman’s Declarative/Procedural model. 

2.2 Pronoun interpretation and the PDMH 

A fine-grained model of pronoun interpretation based on a modular design of the 
language faculty is developed in Reuland (2001). Reuland assumes three distinct 
components: (i) ‘Narrow Syntax’, which is the component of language responsible 
for the encoding of syntactic dependencies stricto sensu (e.g. displacement and 
agreement); ‘Logical Syntax’ (or ‘Broad Syntax’, if we adopt Chomsky’s 1995 
terminology), which is the component responsible for the construction of the 
logical representations denoted by the corresponding syntactic representations; (iii) 
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‘Discourse’, the component responsible for the integration of contextual 
information into the logical meaning of expressions. According to Reuland (2001), 
each module provides different mechanisms of pronoun resolution. At the level of 
Narrow Syntax a pronoun’s grammatical features (more precisely, the pronoun’s 
φ-features, that is, person, gender, and number) can be copied via an agreement 
chain from an antecedent, creating a syntactic dependency interpreted as identity 
between arguments. This strategy is mainly responsible for the interpretation of 
reflexive pronouns, a class of expressions that is of no direct relevance in the 
present discussion. The level of Logical Syntax can perform the operation of 
variable binding and is therefore responsible for the bound interpretation of 
pronouns. The level of Discourse can perform the operation of assigning a referent 
to an unbound pronoun and is thus responsible for the referential interpretation of 
pronouns.11 The model is schematized in FIGURE 4 (next page). 

My main interest here is to explore the distinction between binding and 
reference, as conceived by Partee (1978) and formalized in Reuland (2001), in the 
light of the Declarative/Procedural model proposed by Ullman (Ullman 2001; 
2004). Let me start by reviewing some of the most relevant features of Ullman’s 
model. The procedural memory system is the memory system that supports the 
acquisition and processing of rule governed cognitive and sensorimotor skills. 
Among other things, it supports the processing of grammatical operations. It is 
informationally encapsulated, in the sense that the computations it performs cannot 
be influenced by information coming from other cognitive systems, and operates in 
an automatic fashion, in the sense that given a certain stimulus it processes the 
stimulus mechanically and automatically. The declarative memory system is the 
system that supports the acquisition and maintenance of knowledge about facts and 
events and lexical knowledge. It is not informationally encapsulated and, therefore, 
it is able to perform computations whose outcome is sensitive to contextual 
information. 

                                                             
11 Moreover, the relation between the modules is mediated by interface principles. In 
particular, the relation between the use of agreement and binding is regulated by Reuland’s 
(2001) Rule BV; the relation between binding and co-reference is regulated by Reinhart’s 
Rule I (see Grodzinsky and Reinahrt 1993; Reinhart 1983b; Reinhart 2000).  
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FIGURE 4 
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My proposal is that the procedural memory system supports the process of binding 
pronouns whereas the declarative memory system supports the process of 
assigning a referent to unbound pronouns. Put in a different way, I propose that 
binding is supported by the procedural memory system, because it is a grammatical 
operation insensitive to contextual information, whereas reference is supported by 
the declarative memory system, because it is a discourse level operation whose 
outcome depends on contextual information. 

The proposal is supported by Koornneef’s (2008) finding that the 
language parser, when dealing with ambiguous pronouns, initially constructs a 
bound interpretation, regardless of whether such interpretation is consistent with 
the context, and only in second instance considers the possibility of replacing the 
bound interpretation with the referential interpretation. This finding is explained 
within the proposal I have just put forward, as a result of the automatic fashion in 
which the procedural memory system works. Since binding is a procedural 
computation, it is automatically applied to the input whenever the necessary 
conditions (that is, presence of a c-commanding antecedent) are met. Therefore it 
is expected that every c-commanded pronoun is interpreted, in a first phase, as 
bound by its antecedent. 

Moreover, the proposal makes a clear prediction as for what concerns the 
interpretation of pronouns ambiguous between a bound and a referential reading by 
subjects with a deficit affecting the procedural memory system. The prediction is 
that subjects with a procedural deficit are impaired in their ability to interpret 
pronouns as bound variables but unimpaired in their ability to interpret them as 
referring to a salient individual. The reason is that the processing of binding 
relations is supported by the procedural memory system, which is impaired, 
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whereas the process of assigning a referent is supported by the declarative memory 
system, which is spared. It is then expected that subjects with a procedural deficit, 
when interpreting an ambiguous pronoun, have a striking preference for the 
referential interpretation over the bound interpretation, since the referential 
interpretation relies on spared declarative resources whereas the bound 
interpretation relies on impaired procedural resources.  

In the preceding chapter, I have proposed the PMDH according to which 
Dyslexic subjects suffer from a deficit affecting the procedural memory system. If 
the PMDH is correct, it is expected that dyslexic subjects, as compared to 
unimpaired subjects, have a significant preference for the referential interpretation 
of pronouns. That is, it is expected that they prefer to use spared declarative 
memory resources, rather than impaired procedural memory resources. The 
following section, reports the results of an experiment designed in order to test this 
prediction.  

2.3 Experiment Ia – Italian Version12 

In this section, I present the design and the results of an experiment developed in 
order to test the following prediction: 

(30) Dyslexic subjects, as compared to age-matched control children, have a 
significant preference for the referential interpretation of pronouns 
ambiguous between a bound and a referential interpretation. 

2.3.1 Design 

The experiment aims at testing the comprehension of Italian sentences such as 
(31).13  

                                                             
12 The results reported in this section are also included in Fiorin and Vender (2009). 
13 The experiment was administered to native speakers of Italian and, therefore, all the 
materials were in Italian. For convenience, in this section I will mainly use English to 
explain the experiment’s design. The reader who is interested in the original materials is 
referred to the Appendix. 
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(31) Ogni amico di Francesco ha colorato la sua bicicletta 

(32) Every friend of Francesco painted his bike 

(31), as well as its English translation (32), is an ambiguous sentence: It can mean 
either that all of Francesco’s friends painted their own bikes or that each one of 
Francesco’s friends painted Francesco’s bike. The first reading results from 
interpreting the pronoun his as bound by the antecedent NP every friend of 
Francesco, as represented in (33) (I use English as the meta-language). 

(33) For every x, if x is a friend of Francesco, then x painted x’s bike. 

The relation of binding is legitimate, since his occurs within the c-commanding 
domain of the NP every friend of Francesco (see 34; I use English words, instead 
of Italian ones, for the reader’s convenience). 
 
(34)            S 

 
  NP     VP 
 
   Det  N’   V  NP 
 every                       painted 
 N  PP     Det  N 
           friend                   his              bike 
  P  NP 

             of          Francesco   
 
 
The second interpretation results from interpreting his as referring to the same 
individual referred to by the NP Francesco, as in (35). 

(35) For every x, if x is a friend of Francesco, then x painted Francesco’s bike. 

Notice that the relation between his and Francesco must be one of co-reference. It 
cannot be a binding relation, in which his is interpreted as a variable bound by the 
antecedent Francesco, because Francesco does not c-command his (see 36). 

 



The interpretation of pronouns 61 

(36)            S 
 

  NP     VP 
 
   Det  N’   V  NP 
 every                       painted 
 N  PP     Det  N 
           friend                   his              bike 
  P  NP 

             of          Francesco  
  
 
Then, when interpreting (31) or (32), the language user has two options: (i) she can 
interpret his as bound by the c-commanding NP every friend of Francesco, 
deriving the meaning in (33), or (ii) she can interpret his as referring to the same 
individual referred to by the non c-commanding NP Francesco, deriving the 
interpretation in (35).  

The experiment is a Truth Value Judgment Task (Crain and Thornton 
1998). Subjects are told a story, represented by a set of pictures, concerning a main 
character and his or her three friends. At the end of the story a different character, 
which has not taken part in the preceding story, pronounces the target sentence, 
which is a sentence of the type reported in (31); the subject is then asked to judge 
whether the target sentence is a correct description of what happened. In order to 
test the subjects’ interpretive preferences, target sentences are presented in two 
different contexts. One context is designed in such a way that the target sentence is 
true if the pronoun is interpreted as bound and false if it is interpreted as 
referential; the other context is such that the sentence is true if the pronoun is 
interpreted as referential and false if it is interpreted as bound. In this way it is 
possible to deduce the subject’s interpretive choices from her truth value 
judgments. In the first type of context, if the subject judges the target sentence as 
true, it means that she interpreted the pronoun as bound; if she judges the sentence 
as false, it means that she interpreted the pronoun as referential. In the second type 
of context, if the subject judges the target sentence as true, it means that she 
interpreted the pronoun as referential; if she judges the sentence as false, it means 
that she interpreted the pronoun as bound. 

Two target sentences are tested in two conditions. In the first condition 
(condition A) the target sentence is true under the bound reading of the pronoun 
and false under the referential reading. In the second condition (condition B) the 
target sentence is true under the referential reading and false under the bound 
reading. Let us briefly consider an example of each condition. In a typical A 
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condition the subject is told a story of the type exemplified in (37). The story is 
represented by a set of pictures sequentially displayed on a computer screen.  

(37)  Here is Francesco with his three friends. Every kid has a bike and now the 
kids want to paint their bikes. That’s why they brought some spray colors. 
Francesco’s first friend brought three colors; Francesco’s second friend 
brought three colors; Francesco’s third friend brought two colors; but 
Francesco didn’t bring any color. Francesco’s first friend paints his own 
bike with two colors and then he paints Francesco’s bike with his last 
color. Francesco’s second friend paints his own bike with two colors and 
then he paints Francesco’s bike with his last color. Finally, Francesco’s 
third friend paints his own bike with two colors. Then the Clumsy 
Inspector arrives and says: ‘I know what happened: Every friend of 
Francesco painted his bike!’ 

After the Clumsy Inspector has pronounced the target sentence, the subject has to 
decide whether the Inspector said something correct or wrong. If the target 
sentence is judged as correct, it is inferred that the subject interpreted the pronoun 
his as bound by every friend of Francesco. In fact, it is true that every friend of 
Francesco painted his own bike. If the target sentence is judged as false, it is 
inferred that the subject has interpreted the pronoun as referring to Francesco. It is 
in fact false that every friend of Francesco painted Francesco’s bike, since 
Francesco’s third friend didn’t paint Francesco’s bike. 

In a typical B condition the subject is told a story of the type exemplified 
in (38). 

(38)  Here is Francesco with his three friends. Every kid has a bike and now the 
kids want to paint their bikes. That’s why they brought some spray colors. 
Francesco’s first friend brought three colors; Francesco’s second friend 
brought three colors; Francesco’s third friend brought two colors; but 
Francesco didn’t bring any color. Francesco’s first friend paints his own 
bike with two colors and then he paints Francesco’s bike with his last 
color. Francesco’s second friend paints his own bike with two colors and 
then he paints Francesco’s bike with his last color. Francesco’s third 
friend says he doesn’t want to paint his own bike, so he decides to paints 
Francesco’s bike with his two colors. Then the Clumsy Inspector arrives 
and says: “I know what happened: Every friend of Francesco painted his 
bike!” 
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In this condition, the target sentence is true if his is interpreted as referring to 
Francesco – it is true that every friend of Francesco painted Francesco’s bike – but 
false if his is interpreted as a bound variable – it is false that every friend of 
Francesco painted his own bike. 

A very important feature of the experimental items is that both ‘true’ and 
‘false’ judgments are correct answers. The aim of the experiment, in fact, is not to 
detect whether subjects are interpreting the target sentence ‘correctly’. The aim of 
the experiment is rather to infer which interpretation the subject is assigning to the 
target sentence. In a condition A item, for example, ‘true’ answers correspond to 
the choice of a bound interpretation whereas ‘false’ answers correspond to the 
choice of a coreferential interpretation. This does not mean that ‘true’ answers are 
correct and ‘false’ answers are incorrect. If the target sentence is assigned a bound 
variable reading, the appropriate answer is ‘true’ (it is true, for instance, that every 
friend of Francesco painted his own bike); if the target sentence is assigned a 
coreferential interpretation, the appropriate answer is ‘false’ (in fact, only two out 
of three friends painted Francesco’s bike). Notice, moreover, that the experimental 
items were specifically designed in such a way that the context does not favor one 
of the two possible interpretations of the target sentence, since both interpretations 
equally allow the subject to provide a reasonable and coherent answer. 

2.3.2 Subjects 

Two groups of subjects were tested in the experiment: A group of dyslexic children 
(DYS, for short) and a group of age-matched control children (AMC). The DYS 
group included 18 children (4 female), all native speakers of Italian. The group 
mean age was 9;414 (SD15: 1;4) at the moment of testing.  All children were 
diagnosed as dyslexic by the “Centro Audiofonetico” in Trento, Italy. The 
diagnostic criteria included: (i) absence of neurological disorders and genetic 
pathologies; (ii) absence of sensorial disorders; (iii) absence of psycho-
pathological disorders; (iv) IQ above 80 (WISC – R); (v) ability in reading and 
writing fluently below 2 standard deviations relatively to the subject’s age 
(Tressoldi battery; see Sartori et al. 1995). These diagnostic criteria conform to the 
exclusive definition devised by Vellutino (1979), since they exclude from the 
sample subjects whose reading difficulty may be due to neurological, neuro-
sensorial, or psycho-pathological disorders or to low intelligence. The AMC group 
                                                             
14 I present ages in the format ‘number;number’, where the first number denotes the number 
of years and the second the number of months. 
15 Standard Deviation. 
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included 20 primary school children (17 female) with no history of reading 
problems. The group mean age was 9;2 (SD: 0;9). The main features of the two 
groups are reported in TABLE 1. 

 
TABLE 1 

 
Group Number Mean Age (SD) 
AMC 20 9;2 (0;9) 
DYS 18 9;4 (1;4) 

2.3.3 Procedure 

Every subject was tested on 6 experimental items, 3 for each condition. 
Experimental items were randomized across subjects in such a way that it was 
never the case that the same subject was administered the same story type – for 
instance the ‘bike painting’ story – in both the A and B condition. Conditions were 
mixed and experimental items were interspersed with unambiguous filler items. 
The whole experiment was preceded by 3 warm-up items. Fillers and warm-ups 
had the following functions: (i) acquaint the subject to the experimental procedure; 
(ii) distract the subject from the main goal of the experiment; (iii) test whether the 
subject was able to correctly interpret quantified NP’s such as every friend of 
Francesco; (iv) test whether the subject was able to process a bound interpretation 
in a context that allowed only for that interpretation; (v) test whether the subject 
was able to process a referential interpretation in a context that allowed only for 
that interpretation. The overall items order was either as the one exemplified in 
(39) or the one exemplified in (40). 

(39) warm-up; warm-up; warm-up; filler; Condition A item; filler; Condition B 
item; filler; Condition A item; filler; Condition B item; filler; Condition A 
item; filler; Condition B item. 

(40) warm-up; warm-up; warm-up; filler; Condition B item; filler; Condition A 
item; filler; Condition B item; filler; Condition A item; filler; Condition B 
item; filler; Condition A item. 
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2.3.4 Results 

All subjects were able to complete the test and to answer the filler items correctly. 
Only one subject in the AMC group answered one filler item incorrectly.  

The first measure collected is the overall number and percentage of ‘true’ 
answers in order to test whether there was any yes-bias. The relevant data are 
reported in TABLE 2 and show that AMC, but not DYS, had a numerical tendency 
to judge target sentences as false. However, an independent samples t-test with 
‘true’ as test variable (with equal variances not assumed; Levene’s test for equal 
variances: F(36) = 7.563, p = .009) show that there is no significant difference 
between the two groups, t(31.303) = -1.466, p = .153. 
 

TABLE 2 
 

 True answers 
Group Total number Out of Mean (SD) 
AMC 46 120 .383 (.254) 
DYS 52 108 .481 (.150) 

 
 
The second measure collected is preference for the bound variable interpretation. 
Every true answer given to a Condition A experimental item and every false 
answer to a Condition B item was counted as a preference for the bound 
interpretation. Every false answer to a Condition A item and every true answer to a 
Condition B item was counted as a preference for the referential interpretation. The 
two results, that is, preference for the bound interpretation and preference for the 
referential interpretation, are complementary since every experimental item was 
either true or false. The relevant data are reported in TABLE 3 and show that neither 
group had a numerical preference for a particular interpretation. However, the 
evident difference between the groups’ standard deviations indicates large 
variation within the DYS group. I will return to this point later in this section.  

 
TABLE 3 

 
 Bound interpretations 
Group Total number Out of Mean (SD) 
AMC 62 120 .517 (.161) 
DYS 56 108 .519 (.427) 
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In TABLE 4 I report the groups’ preferences for the bound interpretation relatively 
to each condition. It shows that there is some tendency, displayed by AMC in 
particular, to prefer the referential interpretation in the A condition and the bound 
interpretation in the B condition. This tendency is arguably connected to the 
overall tendency to judge target sentences as false. In fact, a false answer is 
interpreted in condition A as a preference for the referential interpretation and in 
condition B as a preference for the bound interpretation. In the end, the presence of 
two conditions in which the two interpretations correspond to opposite truth 
judgments levels off the no-bias and balance the overall result, given that the no-
bias produces opposite effects in the two conditions. 

 
TABLE 4 

 
 Bound Interpretations 
 Condition A Condition B 
Group Total n. Out of Mean (SD) Total n. Out of Mean (SD) 
AMC 24 60 .400 (.317) 38 60 .633 (.284) 
DYS 27 54 .450 (.461) 29 54 .537 (.445) 

 
 
The difference between the two groups with respect to the preference for the bound 
interpretation was tested by running a repeated measure ANOVA, with group 
(AMC; DYS) as a between-subjects variable and condition (A; B) as a within-
subjects variable. In this way it was also possible to measure whether there was a 
significant condition effect or a group-condition interaction. The analysis show that 
there is no significant group effect, F(1, 36) = .000, p = .986, and a scarcely 
significant condition effect, F(1, 36) = 3.872, p = .057; however, no significant 
group-condition interaction was found, F(1, 36) = 2.041. p = .162. As it is clear 
from the data in TABLE 3, the assumption of homogeneity is not met since the 
standard deviation of the DYS group is more substantial than the standard 
deviation provided by the AMC group. I believe, however, that this fact does not 
represent a serious problem for the analysis since the samples sizes are larger than 
10 (Witte 1993) and the bigger sample is the one with the larger variation. 
ANOVA tends to be more liberal when the sample with the larger variation is also 
the bigger in terms of size. This means that the poorly significant condition effect 
can be considered irrelevant for the conclusion that there is no difference between 
the two groups concerning their preference for the bound interpretation. First of all, 
given the considerations just made, the effect should be regarded as less significant 
than it appears. Secondly, it affects both groups equally, as demonstrated by the 
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lack of interaction between group and condition. Anticipating the discussion, it 
seems reasonable to conclude that the prediction in (30) is not met. That is, 
dyslexic subjects, as compared to controls, do not display any significant 
preference for the referential interpretation of pronouns. 

As already pointed out, the DYS group featured a large internal variation. 
The standard deviations reported in TABLE 3 and TABLE 4 show an evident 
difference between the DYS group and the AMC group. This difference seems 
imputable to the fact that AMC subjects provided chance level results not only as a 
group but also individually, whereas DYS subjects provided chance level results 
only as a group. Consider the individual choices made by the subjects with respect 
to the preference for the bound interpretation. TABLE 5 shows, for each group, the 
number of participants who chose 0, 1, 2, 3, 4, 5, and 6 times (out of 6) the bound 
interpretation. As for the AMC group, a large majority of the subjects (18 out of 
20, that is 90% of the subjects) tended to choose the bound interpretation 2, 3, or 4 
times out of 6 trials (which means that they chose the referential interpretation 4, 3, 
or 2 times); the remaining 2 subjects chose the bound interpretation once, showing 
an individual preference for the referential interpretation. As for the DYS group, 
only 5 subjects out of 18 (that is, 28% of the sample) chose the bound 
interpretation 2 to 4 times. Five subjects chose the bound interpretation 6 times out 
of 6 and 1 subject chose the bound interpretation 5 times out of 6; which means 
that a total of 6 subjects (33% of the sample) showed an individual preference for 
the bound reading. Six subjects never chose the bound interpretation and 1 subject 
chose it once, meaning that 7 subjects (39% of the sample) showed an individual 
preference for the referential interpretation.  

 
TABLE 5 

 
Number of subjects that chose the  
bound interpretation: 

AMC DYS16 

6 times (out of 6) 0 (0%) 5 (28%) 
5 time (out of 6) 0 (0%) 1 (6%) 
4 times (out of 6) 6 (30%) 3 (17%) 
3 times (out of 6) 8 (40%) 0 (0%) 
2 times (out of 6) 4 (20%) 2 (11%) 
1 time (out of 6) 2 (10%) 1 (6%) 
0 times (out of 6) 0 (0%) 6 (33%) 

 

                                                             
16 The sum of the percentages in the DYS group gives the apparent result of 101%. This is 
due to the fact that numbers have been rounded.  
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The difference between the two groups is also reported in GRAPH 1 and GRAPH 2. 
The x-axis indicates the number of bound interpretations chosen by the subjects in 
the experiment; the y-axis indicates the percentage of subjects. GRAPH 1 shows the 
distribution of AMC subjects with respect to their preference for the bound 
interpretation. The graph shows that most of the AMC subjects occupy a central 
position; this means that most of the subjects have no evident individual preference 
for one particular interpretation. GRAPH 2 displays the distribution of DYS 
subjects. Here, a considerable part of the subjects (72%) occupies the more 
peripheral positions, showing a distinct preference for one of the two 
interpretations, and only a smaller group (28%) of subjects occupies a more central 
position (notice, incidentally, that no DYS subject chose the bound interpretation 3 
times out of 6).  

 
GRAPH 1 

(Distribution of AMC subjects) 
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GRAPH 2 
(Distribution of DYS subjects) 

 
 

The results reported in TABLE 5, GRAPH 1, and GRAPH 2 suggest that AMC 
subjects showed no preference both as a group and individually, whereas DYS 
subjects performed at chance level only as a group. Individually, DYS subjects 
displayed a tendency toward assigning the same interpretation to all or most of 
items in the experiment, as demonstrated by the fact that a large part of the DYS 
subjects occupies the most peripheral positions in GRAPH 2. Notice that this 
tendency is not trivial to realize in the experimental setting under discussion. 
Remember, in fact, that experimental items were ordered as in (39) or (40), 
repeated below as (41) and (42); that is, they were alternated for condition and 
separated by fillers. This means that, in order to achieve a result of, say, 6 bound 
interpretations in a test with the order in (41), a subject had to answer ‘true’ to the 
first experimental item, ‘false’ to the second, ‘true’ to the third, ‘false’ to the 
fourth, ‘true’ to the fifth, and ‘false’ to the sixth. Then, the tendency displayed by 
the DYS subjects cannot be due to independent factors such as giving always ‘true’ 
or ‘false’ answers. 

(41) warm-up; warm-up; warm-up; filler; Condition A item; filler; Condition B 
item; filler; Condition A item; filler; Condition B item; filler; Condition A 
item; filler; Condition B item. 
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(42) warm-up; warm-up; warm-up; filler; Condition B item; filler; Condition A 
item; filler; Condition B item; filler; Condition A item; filler; Condition B 
item; filler; Condition A item. 

In order to check whether DYS subjects, as compared to AMC subjects, had a real 
tendency to stick to the same interpretive strategy throughout the experiment, I 
assigned to each subject a measure, which I refer to as ‘Items In a Row’ (IIR), 
obtained by dividing by 5 the number of times the subject assigned the same 
interpretation to 2 items in a row. Consider the example reported in FIGURE 5. 
Suppose that the subject under consideration answered ‘true’ to the first 3 
experimental items, ‘false’ to the fourth and fifth items, and again ‘true’ to the 
sixth item. We have seen that a ‘true’ answer to a condition A item corresponds to 
the choice of the bound interpretation and a ‘true’ answer to a condition B item 
corresponds to the choice of the referential interpretation. This means that the 
subject chose the bound interpretation in the first, third, and fourth items and the 
bound interpretation in the second, fifth, and sixth items. The condition of 
assigning the same interpretation to two items in a row is realized twice: items 3 
and 4 are both assigned a bound interpretation; items 5 and 6 are both assigned a 
referential interpretation. Since there are 6 experimental items, the condition of 
assigning the same interpretation to 2 items in a row can be realized at most 5 
times. Therefore, the measure IIR is obtained dividing by 5 the number of times 
two items in a row are assigned the same interpretation. In our example, IIR 
corresponds to 2/5 = .40. IIR is a number ranging between 0 and 1; a subject with a 
IIR value of 0 never assigned the same interpretation to two items in a row; a 
subject with a IIR value of 1 assigned the same interpretation to all the 
experimental items in the test.  

TABLE 6 reports the measure IIR for each subject in the two samples. 
Among the 20 ACM subjects, none reaches a IIR value of 1 and 11 subjects score 
between .40 and .60. Among the 18 DYS subjects, 11 subjects reach a IIR value of 
1 and only 1 subject scores below .40. Group means are reported in the last row in 
the table: The AMC group’s IIR mean is .40; the DYS group’s mean is .80. The 
IIR of the two groups were compared by means of an independent samples t-test, 
for equal variances assumed, Levene’s test: F = .009, p = .924. The results show a 
significant difference between the two groups, t(36) = -4.294, p = .000. 
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FIGURE 5 
 

 ITEMS   Subjectʼs answer Interpretation 
  …filler… 
 1. Condition A item True   Bound 
  …filler… 
 2. Condition B item True   Referential 
  …filler… 
 3. Condition A item True   Bound 
  …filler… 
 4. Condition B item False   Bound 
  …filler… 
 5. Condition A item False   Referential 
  …filler… 
 6. Condition B item True   Referential 
 

 
TABLE 6 

 
AMC DYS 

Subject  
number 

IIR Subject  
number 

IIR 

1 .80 1 1.00 
2 .40 2 .40 
3 .00 3 1.00 
4 .80 4 1.00 
5 .60 5 1.00 
6 .60 6 .80 
7 .40 7 .40 
8 .20 8 .60 
9 .40 9 .40 
10 .20 10 .60 
11 .60 11 1.00 
12 .80 12 1.00 
13 .20 13 1.00 
14 .20 14 .20 
15 .00 15 1.00 
16 .40 16 1.00 
17 .00 17 1.00 
18 .80 18 1.00 
19 .00 
20 .60 

 

Mean (SD) .40 (.29) Mean (SD) .80 (.28) 
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2.3.5 Summary 

The results do not confirm the prediction in (30), repeated below as (43). 

(43) Dyslexic subjects, as compared to age-matched control children, have a 
significant preference for the referential interpretation of pronouns 
ambiguous between a bound and a referential interpretation. 

Dyslexic subjects have no significant preference for the referential interpretation. 
Of course, the results do not falsify (43) either, since the lack of significant 
differences between the two groups could still be due to independent factors, such 
as natural variation between the samples. 

Nevertheless, a quite striking, although unexpected, difference between 
the two groups was found. Dyslexic children had a noteworthy tendency to assign 
the same interpretation to all or most of the experimental items in the experiment, 
whereas control children tended to perform at individual chance level. 

2.4  Experiment Ib – Dutch version17 

In this section, I report the results obtained by administering a Dutch version of the 
same experiment to a group of Dutch poor and good readers. The main goal is to 
see whether the findings from the Italian version of the experiment can be 
replicated in another language, given that the mechanisms of pronoun 
interpretation explored earlier in this chapter are assumed to be the same across 
languages. 

2.4.1 Design 

The experiment design is identical to that of the Italian version with the only 
difference that the language adopted is Dutch. The reader is referred to section 

                                                             
17 Thanks to Britt Hakvoort for preparing and administering the Dutch version of the 
experiment; the reader is referred to Hakvoort (2009) for a detailed discussion of the 
methods and materials adopted. 
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2.3.1 for a detailed account of the experiment design and to the Appendix for an 
overview of the materials used in experiment. 

2.4.2 Subjects 

The experiment was administered to two groups of subjects: a group of 30 eight-
year-old children at familial risk for dyslexia and a group of 19 age-matched (non-
at-risk) control children. Subjects were further divided in poor and good readers on 
the basis of a composite score obtained by plotting together 5 measures of reading 
proficiency: (i) EMT18; (ii) Klepel19; (iii) SVS20; (iv) AVI21; (v) O3k22. Subjects 
were then divided into three groups: (i) the GRC group (good reader controls), 
including 17 good readers (7 female) from the control group, mean age 8;4 (SD: 
0;2); (ii) the GRR group (good readers at-risk), including 22 good readers (11 
female) from the at-risk group, mean age 8;4 (SD: 0;2);  (iii) the PR group, 
including 10 poor readers (3 female), mean age 8;4 (SD: 0;2). The main 
characteristics of the three groups are reported in TABLE 7. 

 
TABLE 7 

 
Group Number Mean Age (SD) 
GRC 17 8;4 (0;2) 
GRR 22 8;4 (0;2) 
PR 10 8;4 (0;2) 

 

                                                             
18 Een Minuut Test, the subject has to read correctly as many real words as possible in the 
time span of one minute (Brus and Voeten 1972).  
19 The subject has to read correctly as many non-words as possible in the time span of two 
minutes (Van den Bos et al. 1994). 
20 Schaal Vorderingen in Spellingvaardigheid, the subject has to spell 38 words after 
hearing them in a sentence (van den Bosch et al. 1993). 
21 Analyse van Individualiserngsvormen, a task that measures the accuracy and speed with 
which texts are read (Visser et al. 1994).  
22 Orhtografie 3 keuzes, the subject has to indicate which of three written words is a correct 
spelling, for 70 series (Horsley 2005). 
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2.4.3 Procedure 

The procedures adopted were the same as in the Italian version of the experiment. 
The reader is referred to section 2.3.3 for details. The Dutch version of the protocol 
included two additional tests: a backward digit span test (the tester says a sequence 
of single digits and the subject repeat them in the opposite order) and a non-word 
repetition task (subjects repeat non-words of increasing length).  

2.4.4 Results 

All subjects were able to complete the test. GRC answered correctly to filler items 
in 94% of the cases. Errors are distributed both across subjects and across items: 
Four GRC subjects answered incorrectly to 1 filler item and 2 subjects answered 
incorrectly to 2 filler items; 2 filler items were answered incorrectly once and 2 
were answered incorrectly twice. GRR answered correctly to filler items 97% of 
the times; two subjects made 3 errors in 3 different filler items.  

PR answered correctly to filler items 93% of the times. Also in this case 
errors are distributed across subjects and items: Two PR subjects answered 
incorrectly to 2 filler items; 2 filler items were answered incorrectly once and 1 
filler item was answered incorrectly twice. Given that errors were relatively 
scattered across subjects and items, none of the subjects were excluded from the 
samples. 

Numerically, GRC judged target sentences as false more often than GRR 
and GRR more often than PR. The relevant data are reported in TABLE 8. A one 
way ANOVA, with ‘true’ as dependent variable, show that the difference between 
the groups is significant (F(2, 46) = 4.633, p = .015). A Tukey HSD post hoc test 
(for equal variances assumed) show that only GRC and PR differ significantly (p = 
.012). 

 
TABLE 8 

 
 True answers 
Group Total number Out of Mean (SD) 
GRC 31 102 .304 (.169) 
GRR 56 132 .424 (.228) 
PR 33 60 .550 (.209) 
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TABLE 9 reports the overall group preference for the bound interpretation. TABLE 
10 reports the group preference for the bound interpretation relatively to each 
condition.  

 
TABLE 9 

 
 Bound interpretations 
Group Total number Out of Mean (SD) 
GRC 50 102 .490 (.239) 
GRR 50 132 .379 (.330) 
PR 25 60 .417 (.297) 

 
 

TABLE 10 
 

 Bound Interpretations 
 Condition A Condition B 
Group Total n. Out of Mean (SD) Total n. Out of Mean (SD) 
GRC 15 51 .294 (.309) 35 51 .686 (.276) 
GRR 20 66 .303 (.384) 30 66 .455 (.418) 
PR 14 30 .467 (.358) 11 30 .367 (.367) 

 
 
The difference between the three groups with respect to the preference for the 
bound interpretation was tested by running a repeated measure ANOVA, with 
group as a between-subjects variable and condition as a within-subjects variable 
(the assumption of homogeneity is met, as confirmed by Box’s test). No significant 
group effect was found, F(2, 46) = .690, p = .507; the condition variable was 
significant, F(1, 46) = 5.694, p = .021, as well as its interaction with the group 
variable, F(2, 46) = 4.632, p = .015, possibly due to the fact that only GRR subjects 
were affected by condition. Arguably, the preference for the referential 
interpretation in condition A and the preference for the bound interpretation in 
condition B shown by GRC subjects is a result of their tendency to provide false 
answers. In fact, a false answer counts as a preference for the referential 
interpretation in condition A and as a preference for the bound interpretation in 
condition B. 

The variation within the groups is described by analyzing the individual 
subjects’ interpretive choices and by measuring their tendency to stick to the same 
interpretation throughout the experiment (using the IIR measure introduced in the 
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previous section). TABLE 11 shows, for each group, the number of subjects that 
chose 0, 1, 2, 3, 4, 5, and 6 times (out of 6) the bound interpretation. As for the 
GRC group, 10 subjects out of 17 (that is, 59% of the sample) chose the bound 
interpretation 2 to 4 times; among the remaining 7 subjects (42% of the sample), 3 
chose the bound interpretation 5 times and 4 chose it once; no GRC subject 
showed a consistent preference in choosing the bound interpretation 0 or 6 times. 
As for the GRR group, 10 subjects out of 22 (46% of the sample) chose the bound 
interpretation 2 to 4 times; 3 subjects (14% of the sample) chose the bound 
interpretation 5 to 6 times; 9 subjects (4% of the sample) chose the bound 
interpretation 0 to 1 times. As for the PR group, 5 subjects out of 10 (50% of the 
sample) chose the bound interpretation 2 to 4 times; 1 subject chose the bound 
interpretation 6 times and 3 subjects chose the bound interpretation 1 or 0 times.  

 
TABLE 11 

 
Number of subjects that chose the  
bound interpretation: 

GRC23 GRR PR 

6 times (out of 6) 0 (0%) 2 (9%) 1 (10%) 
5 time (out of 6) 3 (18%) 1 (5%) 0 (0%) 
4 times (out of 6) 3 (18%) 3 (14%) 1 (10%) 
3 times (out of 6) 5 (29%) 4 (18%) 3 (30%) 
2 times (out of 6) 2 (12%) 3 (14%) 2 (20%) 
1 time (out of 6) 4 (24%) 3 (14%) 2 (20%) 
0 times (out of 6) 0 (0%) 6 (27%) 1 (10%) 

 
 
TABLE 12 reports individual IIR measures. Among the 17 GRC subjects, none 
scored above .60, and 9 scored at or below .40. Among the 22 GRR subjects, 15 
scored at or above .60. Among the 10 PR subjects, 7 scored at or above .60, and 
the remaining 3 subjects scored at .40. The GRC group IIR mean is .42, whereas 
the GRR and PR groups IIR means are, respectively, .64 and .66. The IIR of the 
groups was compared by means of a one way ANOVA. The results show a 
significant difference between the groups, F(2, 46) = 3.578, p = .036. A Games-
Howell post hoc test (for equal variances not assumed) shows significant 
differences between GRC and GRR (p = .048) and between GRC and PR (p = 
.039), but no significant difference between GRR and PR (p = .971). 

 

                                                             
23 The sum of the percentages in the GRC and GRR groups gives the apparent result of 
101%. This is due to the fact that numbers have been rounded. 
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TABLE 12 
 

GRC GRR PR 
Subject  
number 

IIR Subject  
number 

IIR Subject  
number 

IIR 

1 .60 1 .00 1 .60 
2 .60 2 .60 2 .40 
3 .40 3 1.00 3 .40 
4 .60 4 .00 4 .40 
5 .40 5 1.00 5 .60 
6 .60 6 1.00 6 .80 
7 .60 7 1.00 7 1.00 
8 .20 8 1.00 8 1.00 
9 .20 9 .20 9 .60 
10 .40 10 .80 10 .80 
11 .40 11 .60   
12 .60 12 .60   
13 .20 13 1.00   
14 .60 14 .40   
15 .20 15 .40   
16 .00 16 1.00   
17 .60 17 .80   
  18 .60   
  19 .80   
  20 .40   
  21 .20   
  22 .60   
Mean (SD)  .42 (.20) Mean (SD) .64 (.34) Mean (SD) .66 (.23) 

 
 
As mentioned above, the Dutch protocol included two additional tests: a backward 
digit span test (DS-B) and a non-word repetition task (NWR). The group means 
(and standard deviations), relatively to each measure, are reported in TABLE 13. An 
ANOVA shows a significant between-subjects effect for NWR, F(2, 46) = 4.703, p 
= .014, but no significant effect for DS-B, F(2, 46) = .287, p = .752. As for NWR, 
a Tukey HSD post hoc test (for equal variances assumed) shows significant 
differences between GRC and GRR (p = .046) and between GRC and PR (p = 
.022), but no significant difference between GRR and PR (p = .702).  
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TABLE 13 
 

 GRC GRR PR 
DS-B 4.706 (1.263) 4.636 (1.002) 4.400 (0.516) 
NWR 29.118 (5.439) 24.682 (6.121) 22.900 (5.238) 

 
 
Finally, NWR negatively correlates with IIR (r = -.365, p = .010) and correlates 
positively with preference for the bound interpretation (r = 315, p = .027). This 
means that subjects with a high NWR score tended to have a low IIR score and to 
prefer the bound interpretation, whereas subjects with a low NWR score tended to 
have a high IIR score and to prefer the referential interpretation.  

2.4.5 Summary 

Concerning the preference for the bound interpretation, no significant difference 
between the groups was found. It should be noticed, however, that the absence of a 
significant preference in the GRC group could be due to the GRC subjects’ 
tendency to provide false answers. 
 As in the case of the Italian version of the experiment, PR subjects had a 
noticeable tendency to assign the same interpretation to all or most of the 
experimental items in the experiment, whereas GRC subjects tended to 
individually perform at chance level. Accordingly, IIR measures significantly 
differentiate the two groups. Moreover, IIR measures significantly and negatively 
correlate with NWR measures.  

Notice that the overall IIR value provided by the Dutch poor readers (.66) 
is lower than that provided by the Italian dyslexics (.80). This difference could be 
due to the fact that the criteria adopted to select the Italian dyslexics were more 
stringent than the criteria adopted to select the Dutch poor readers. Alternatively, 
the difference between the Italian and the Dutch subjects could be due to the fact 
that Italian dyslexics are ‘more impaired’ than Dutch dyslexics as a consequence of 
the fact that Dutch orthography is less transparent than Italian orthography (see 
Seymour et al. 2003). 

An interesting result is that GRR subjects pattern together with PR, 
differing significantly from GRC, in both NWR and IIR measures. This 
unexpected result may be partially due to the presence in the GRR group of a 
number of potential dyslexic subjects that the composite reading proficiency test 
did not identify. Yet, the result is surprising; particularly, in the light of 
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Scarborough’s (1990; 1991) finding that non-dyslexic subjects from at-risk 
families and non-dyslexic subjects from non-at-risk families do not differ in any 
relevant respect (see section 1.3.3). It is worth noticing, however, that, according to 
some recent studies, there are important differences between non-dyslexic subjects 
from at-risk families and non-dyslexic subjects from non-at-risk families. 
Snowling et al. (2003), for example, report that at-risk children that do not develop 
a reading disability experience significant weaknesses in spelling, non-word 
reading, non-word repetition, and phonological awareness tasks. These subjects 
score better than the at-risk children that develop a reading disability, but worse 
than the non-dyslexic children coming from non-at-risk families. According to 
Pennington and Lefly (2001), who report similar results, the family risk for 
dyslexia should be regarded as a continuum. That is, dyslexia is not an all-or-none 
condition. Children can be affected to different degrees, with only some of them 
reaching a threshold of impairments that is defined as dyslexia. Moreover, some at-
risk children might be able to ameliorate their reading disability by developing 
alternative strategies for reading and, therefore, they might be able to escape the 
diagnostic criteria for dyslexia. In conclusion, these studies show that at-risk 
children that do not develop a reading disability are a highly heterogeneous group 
including subjects that, despite not meeting the diagnostic criteria for dyslexia, 
display some of the behavioral symptoms typically associated with dyslexia.  

2.5 Discussion 

The experiments presented in the two preceding sections were conducted to 
evaluate the PMDH by testing the prediction in (30), repeated here as (44).  

(44) Dyslexic subjects, as compared to age-matched control children, have a 
significant preference for the referential interpretation of pronouns 
ambiguous between a bound and a referential interpretation. 

The prediction is not confirmed by the data. Both in the Italian and in the Dutch 
version of the experiment, dyslexic subjects and poor readers did not differ from 
age-matched controls in their preference for the bound interpretation. In the end, it 
does not seem to be the case that dyslexic subjects have a significant preference, as 
compared to age-matched controls, for the referential interpretation.  

Nevertheless, the subject analysis revealed an important difference 
between dyslexics and age-matched controls, both in the Italian and in the Dutch 
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experiment. Both dyslexics and poor readers displayed a noticeable tendency to 
stick to the same interpretive strategy throughout the experiment, by assigning the 
same interpretation to all or most of the experimental items in the experiment. 

Such tendency cannot be explained as a by-product of a yes or no-bias, 
since, in order to obtain the result of assigning the same interpretation to all or 
most of the experimental items in the experiment, subjects had to provide a 
sequence of opposite truth value judgments.  

Moreover, this tendency was realized both by subjects consistently 
choosing the bound interpretation and by subjects consistently choosing the 
referential interpretation. This means that dyslexic subjects were able to access 
both interpretations. It is unlikely that dyslexic subjects tended to stick to one 
particular interpretation because that was the only interpretation they could access; 
otherwise, it would not be possible to explain the chance level results provided by 
the dyslexics as a group.  

Also, it is unlikely that dyslexic subjects simply chose the first 
interpretation they processed. In fact, the results of Koornneef (2008) show that the 
first interpretation to be parsed is the bound interpretation. Therefore, if dyslexic 
subjects were to go for the first interpretation they parsed, they should have shown 
a consistent preference for the bound interpretation. 

What is the cause of the dyslexic subjects’ tendency to stick to the same 
interpretation throughout the experiment? Is this result of any help in defining the 
cognitive deficit underlying dyslexia?  

Capitalizing on the results of the present experiment, in the next chapter I 
present a hypothesis alternative to the PMDH. I propose that dyslexia is primarily 
caused by a deficit affecting the component of the Working Memory system that is 
responsible for the short-term storage of linguistic information. The hypothesis 
represents a restricted version of the PMDH, since Working Memory is one of the 
sub-components of the Procedural Memory system. In other words, instead of 
assuming that the whole procedural memory system is affected in dyslexia, I 
propose that only one of its sub-systems is. I also argue that the hypothesis 
accounts for most of the data considered so far, including, indeed, the results of the 
present experiment. 

2.6 Summary 

In this chapter, I presented the results of an experiment designed in order to test a 
prediction made by the PMDH.  
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I began by introducing and motivating a distinction between two 
mechanisms of pronoun interpretation: binding and reference. On the basis of a 
number of empirical (theoretical and psychological) considerations, I took the view 
that the distinction between binding and reference has actual psychological 
importance. I proposed that the processing of binding relations is supported by the 
procedural memory system, whereas the process of assigning a referent to an 
unbound pronoun is supported by the declarative memory system. I then 
considered a prediction made by the PMDH; Dyslexic subjects should favor 
reference over binding since, by hypothesis, dyslexic subjects are characterized by 
a deficient procedural memory system. 

The prediction was tested by means of an experiment assessing the 
interpretive preferences of dyslexic and age-matched control children. In the 
experiment subjects had to judge sentences containing a pronoun ambiguous 
between a bound and a referential interpretation. The results of the experiment did 
not confirm the prediction and provided no evidence in favor of the PMDH. 
Nevertheless, dyslexics and controls differed significantly in one respect: Dyslexic 
subjects had a genuine tendency, not found among control subjects, to stick to the 
same interpretive strategy throughout the experiment. In the next chapter, I will 
capitalize on this finding in order to develop a new hypothesis about the cognitive 
impairment underlying dyslexia. 

 





 

Chapter 3 

The verbal Working Memory Deficit 
Hypothesis 

In this chapter, I discuss an alternative hypothesis 
about the nature of the cognitive impairment 
underlying dyslexia: the verbal Working Memory 
Deficit Hypothesis (v-WMDH). The hypothesis is 
developed on the grounds of some well-known 
facts about dyslexia, in particular its association 
with a phonological Working Memory deficit, 
and the experimental findings reported in chapter 
2. Much of the chapter is devoted to demonstrate 
how the hypothesis accounts not only for the 
results of Experiment I (sections 2.3 and 2.4), but 
also for a large part of the facts reviewed in 
chapter 1 (section 1.3). In particular, I show that 
the hypothesis accounts for (i) most of the 
comprehension difficulties reviewed in chapter 1, 
section 1.3, and (ii) the fact that dyslexic subjects 
experience difficulties in those areas of language 
that are also problematic for preschool children. 

The chapter is organized as follows. In 3.1, I provide a brief overview of 
the proposal to be put forward. In 3.2, I introduce and discuss the v-WMDH. In 
3.3, I show how the hypothesis accounts for the comprehension difficulties of 
dyslexic subjects. In 3.4, I show how the hypothesis accounts for the fact that 
dyslexic subjects experience difficulties in those areas of language that are also 
problematic for preschool children. 
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3.1 The proposal in brief 

In Chapter 2, I presented the results of an experiment, Experiment I, testing the 
strategies of pronoun interpretation adopted by dyslexic and age-matched control 
subjects. In the experiment, subjects were faced with ambiguous sentences 
containing a pronoun that could be interpreted either as bound or referential. The 
two groups, dyslexics and controls, did not differ with respect to their preference 
for one of the two interpretations. However, the two groups adopted different 
execution strategies: Dyslexic subjects, on the one hand, tended to stick to the 
same interpretation throughout the experiment; Control subjects, on the other hand, 
seemed to choose in a quite arbitrary fashion, providing individual chance level 
results. On the grounds of this pattern of results, I intend to discuss, and motivate a 
hypothesis, alternative to the PMDH, about the nature of the cognitive deficit 
underlying dyslexia. However, before moving to a detailed discussion of the 
hypothesis, I would like to give a rough sketch of the proposal and show how it 
accounts for the results of Experiment I. 
 Let us start by noticing that, in Experiment I, the target sentence presented 
at the end of each experimental trial is an ambiguous sentence, that is, a sentence 
that can be associated with more than one meaning. One meaning is derived by 
interpreting the pronoun as bound; the other meaning is derived by interpreting the 
pronoun as referential. In section 2.1, I argued that binding is represented at the 
level of grammar. This means that the ambiguity is due to the fact that the sentence 
can be associated with two different grammatical representations: a representation 
in which the pronoun is bound by the c-commanding antecedent and a 
representation in which the pronoun is left unbound (and, therefore, needs to be 
interpreted at the discourse level). Given that the ambiguity under consideration is 
determined at the level of grammatical representation, I will refer to it with the 
term ‘structural ambiguity’. 

Another important feature of the experiment is that the context provided 
by the stories does not favor any of the two possible interpretations of the target 
sentence. In the experimental setting, both interpretations are consistent with the 
context and allow the subject to provide a coherent answer. That is, the context 
does not help in deciding which interpretation is to be preferred. 
 Let us assume that a subject with unaffected processing and memory 
resources, when engaged in the comprehension of a structurally ambiguous 
sentence, has to perform at least the following operations: (i) construct the two (or, 
sometimes, more) grammatical representations associable with the sentence and 
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(ii) decide, on the basis of the information provided by the context of utterance, 
which representation has to be preferred. I will refer to the latter operation with the 
term ‘reference-set computation’, a term introduced by Tanya Reinhart (Reinhart 
1999) to refer to those linguistic computations that require the construction of a set 
of alternative grammatical representations. The resolution of a structural ambiguity 
involves a reference-set computation because it requires the construction of a set 
including the two or more grammatical representations associable with the 
sentence. 

A central characteristic of reference-set computations, according to 
Reinhart, is that they demand significant working memory (henceforth WM) 
resources, since they require maintaining in WM multiple grammatical 
representations.  

In this chapter, I propose that dyslexic subjects have poor verbal WM 
resources and, therefore, fail in processing reference-set computations. It is well-
known that dyslexia is associated with a phonological WM deficit. That is, 
dyslexic subjects experience significant difficulties in performing tasks that require 
the temporary storage of phonological representations (see Gathercole and 
Baddeley 1990; 1993). My proposal is that the WM memory deficit associated 
with dyslexia has broader scope than just phonology; it also affects the ability to 
temporarily store grammatical representations. As a consequence of this deficit, 
dyslexic subjects have difficulties in maintaining in WM multiple grammatical 
representations and, therefore, frequently fail in processing reference-set 
computations.  

Given this hypothesis, the results of Experiment I are explained as 
follows: Dyslexic subjects avoid maintaining multiple grammatical representations 
in WM by assigning the same interpretation to most, if not all, of the target 
sentences.24  
                                                             
24 The proposal can be framed within a more refined model of sentence parsing such as the 
one proposed by Just and Carpenter (1992). The literature on sentence parsing includes, 
broadly speaking, two different approaches to the resolution of ambiguous sentences. One 
approach maintains that users initially select a single grammatical representation and, only 
in a second stage, eventually dismiss it in favor of an alternative grammatical representation 
(see Frazier 1978; Just and Carpenter 1987; Marcus 1980). Another approach maintains that 
users immediately consider all the possible alternative grammatical representations 
associable with the sentence and keep them in memory until some later disambiguation is 
provided (see Gorrell 1987; Kurtzman 1985). Just and Carpenter (1992), capitalizing on a 
set of experimental findings, propose a mixed account according to which: (i) multiple 
representations are initially constructed by all users; (ii) each representation is associated 
with an activation level (defined by a number of factors such as frequency, syntactic 
complexity, pragmatic plausibility, etc.); (iii) WM capacity influences the duration over 
which multiple representations can be maintained. That is, users with large WM capacity are 
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Importantly, I am not proposing that dyslexia is associated with a 
processing deficit. That is, I am proposing that dyslexic subjects experience 
difficulties in maintaining grammatical representations in WM memory, but I am 
not proposing that dyslexic subjects experience trouble in constructing the 
grammatical representations that can be associated with the sentence. This 
perspective is motivated by the fact that, in Experiment I, dyslexic subjects had no 
overall preference for any of the two interpretations. In the Italian version of the 
experiment, dyslexic subjects chose the bound interpretation 52% of the times; in 
the Dutch version, poor readers chose the bound interpretation 42% of the times. 
This result suggests that dyslexics were able to construct both the structure 
corresponding to the bound interpretation and the structure corresponding to the 
referential interpretation. In other words, dyslexic subjects had a tendency to stick 
to the same interpretation throughout the experiment, but this tendency was found 
both among subjects consistently opting for the bound interpretation and among 
subjects consistently opting for the referential interpretation. This means that 
dyslexic subjects were generally able to process both representations.  

Moreover, as already stressed in chapter 2 (section 2.5), it cannot be the 
case that dyslexic subjects simply chose the first interpretation they processed. In 
fact, the results of Koornneef (2008) show that the first interpretation to be parsed 
is the bound interpretation. Therefore, if dyslexic subjects were to go for the first 
interpretation they parsed, they should have shown a consistent preference for the 
bound interpretation. 

In the remainder of this chapter, I will introduce and motivate the 
hypothesis according to which the WM deficit associated with dyslexia affects not 
only the temporary storage of phonological representations, but also the temporary 
storage of grammatical representations. In order to support this proposal, I intend 
to show in detail how the hypothesis accounts for most of the comprehension and 
production problems reviewed in section 1.3. 

                                                                                                                                             
able to maintain multiple representations while looking for disambiguating information; 
users with poor WM capacity are unable to maintain multiple representations and soon 
discharge the less preferred representations (that is, the representations associated with a low 
activation level). Just and Carpenter’s model has a large empirical coverage and finds 
experimental support. Combined with the hypothesis that dyslexic subjects have poorer 
verbal WM resources than unimpaired subjects, the model predicts the results of Experiment 
I: Dyslexic subjects, having poor verbal WM resources, are unable to maintain multiple 
representations of the target sentence and, therefore, maintain only the representation with 
the highest activation level. The tendency of the dyslexic subjects to stick to the 
interpretation selected in the preceding experimental item follows from the fact that that 
interpretation, having been recently considered, is associated with a higher activation level 
and is, therefore, the one maintained in WM.  
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3.2 From phonological WM to verbal WM 

3.2.1 The phonological Working Memory Deficit Hypothesis  

As discussed in Chapter 1, section 1.2, there is wide consensus that dyslexia is 
caused by a phonological deficit. What is the precise nature of this deficit? A well-
known fact is that dyslexic subjects experience problems with tasks tapping the 
ability to temporarily store phonological representations. There are two main 
sources of evidence (see Baddeley and Gathercole 1990; 1993). First of all, 
dyslexic children experience difficulties in the serial recall of lists of memory 
items. Shankweiler et al. (1979) tested groups of 8-year-old good and poor readers, 
matched for IQ, in the serial recall of lists of items. The subjects were presented 
with sequences of five letters that were either phonologically confusable (e.g. b, c, 
d, g) or phonologically distinct (e.g. h, k, q, w). As is well-known, it is easier to 
remember a list of items that are phonologically distinct from a list of items that 
are phonologically similar (see Baddeley 1984). The test was administered in two 
different modalities: visually and auditorily. Shankweiler and colleagues report 
three important findings: (i) good readers make fewer recall errors than poor 
readers; (ii) the beneficial effect of phonological distinctiveness is greater for the 
good readers than for the poor readers; (iii) the differences between the groups are 
consistent across modalities.  

The second type of paradigm used to explore the phonological WM 
abilities of dyslexic subjects is the non-word repetition task. This task represents a 
particularly efficient method for testing phonological WM, because it requires the 
subject to repeat items for which there is no lexical long-term memory 
representation. The subject is thus forced to rely exclusively on phonological WM 
resources. The first study in which dyslexic subjects were administered a non-word 
repetition task is Snowling (1981). In this study, Snowling compared a group of 20 
dyslexic children, aged between 9 and 17, with a group of 20 unimpaired children, 
matched for reading age, by administering a real-word repetition task and a non-
word repetition task. Dyslexic and control subjects did not significantly differ in 
their ability to repeat real words. However, dyslexic subjects were significantly 
worse than controls in repeating non-words. The findings reported in Snowling’s 
study have been replicated in a number of subsequent studies (see de Bree 2007, 
chapter 6, for an overview). Problems in non-word repetition have been reported 
for children, adolescents, and adults with dyslexia and for children at familial risk 
for dyslexia. 
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The evidence reviewed so far confirms the presence of a phonological 
WM deficit in dyslexia. The relevant evidence in favor of a causal implication of 
phonological WM in reading development is provided by longitudinal studies. 
Mann and Lieberman (1984) tested 62 children on immediate serial recall of 
rhyming and non-rhyming strings of words, immediately before the children 
started primary school. One year later the children’s reading abilities were tested 
by means of standardized reading tests. Mann and Lieberman found that the scores 
in the serial recall tasks were significantly correlated with the reading scores 
obtained one year later. That is, the phonological WM scores were found to be 
significant predictors of the reading skills. Another longitudinal study is reported 
by Ellis and Large (1988), who tested a group of 40 children at three points in time 
between the ages of 5 and 7 years. Subjects’ phonological WM was tested by 
means of three types of measures: an auditory digit span, an auditory word span, 
and an auditory sentence span. All three measures were found to be significantly 
correlated with the measures of reading proficiency, even after IQ had been 
controlled for. The results reported in these early studies have been confirmed in 
more recent work (see de Bree 2007, chapter 6) and suggest that phonological WM 
skills genuinely contribute to reading development.   

These findings suggest that the phonological WM deficit that 
characterizes dyslexic subjects since a very early age is a genuine cause of the 
reading disability. Let us then assume the following hypothesis, which I refer to as 
the phonological WM Deficit Hypothesis (p-WMDH, for short): 

(1) p-WMDHVersion 1: Dyslexic subjects suffer from a phonological WM 
deficit. 

As we will see, the hypothesis in (1) must be further refined in a number of 
respects. Yet, it has a first important advantage: It can be framed within a widely 
supported model of WM: the model of WM elaborated by Alan Baddeley.  

3.2.2 p-WMDH and Baddeley’s model of WM 

According to Baddeley (1986), WM is a memory system whose main functions are 
(i) temporarily storing the output of intermediate computations when problem 
solving and (ii) performing further computations on these temporary outcomes. 
Baddeley and Hitch (1974) devise a WM system constituted by three (modular) 
subcomponents: (i) a system concerned with verbal information, called the 
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‘Phonological Loop’; (ii) a system concerned with visual information, the 
‘Visuospatial Sketchpad’; (iii) an attentional control system, the ‘Central 
Executive’. In subsequent works, the system has been refined in two main respects. 
First of all, both the Visuospatial Sketchpad and the Phonological Loop have been 
further decomposed into separate storage and rehearsal subcomponents. Secondly, 
Baddeley (2000) has introduced a fourth component, the ‘Episodic Buffer’, which 
supports the linking of information across domains by constructing integrated units 
(episodes) of visual, spatial, and verbal material. The resulting model of WM is 
represented in FIGURE 1. 

 
FIGURE 1 
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The phonological WM deficit assumed in (1) can be interpreted, within the model 
depicted in FIGURE 1, as a deficit affecting the Phonological Loop. The new 
hypothesis goes as follows: 

(2) p-WMDH Version 2: Dyslexic subjects suffer from a deficit affecting the 
Phonological Loop. 

It could be asked whether the deficit affects the Phonological Loop as whole or 
selectively targets one of its components, that is, the storage or rehearsal 
subsystems. For the time being, I will simply assume that the deficit associated 
with dyslexia affects the whole Phonological Loop. However, at the end of the next 
section I will tentatively advance a slightly different hypothesis according to which 
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what is deficient is the mechanism responsible for storing, accessing, and 
refreshing the phonological material in the storage component. 

3.2.3 p-WMDH and phonological awareness 

The hypothesis advanced in (2) faces a serious challenge. As is well-known, 
dyslexic subjects are not only characterized by poor phonological WM capacity, 
but also by poor phonological awareness. Phonological awareness is the ability to 
consciously analyze and manipulate speech sounds (see Schankweiler et al. 1995); 
it supports a number of meta-linguistic activities such as analyzing words into 
consonants and vowels, finding rhyming words, and detecting prosodic patterns. 
Typically, dyslexic subjects experience difficulties in performing tasks that require 
phonological awareness (see Bryant 1995; Elbro 1996; Rack 1994). The p-
WMDH, as stated in (2), does not account for these difficulties.  

In the light of the observation that dyslexic subjects have limited 
phonological awareness, a number of researchers have proposed that the 
phonological deficit in dyslexia should not be characterized as a phonological WM 
deficit but, rather, as a ‘representational’ deficit. According to the supporters of 
this view, the phonological representations of dyslexic subjects are degraded, 
noisier, or underspecified (see a.o. Elbro 1998; Snowling 2000).  

It is then possible to devise two broad classes of explanations for the 
phonological deficit. The first approach, which is the one I have been arguing for 
in the previous paragraphs, assumes that the phonological representations 
processed by dyslexic subjects are intact but their phonological WM is deficient. 
The second approach assumes that dyslexics have spared phonological WM 
resources but their phonological representations are degraded, noisier, or 
underspecified.  

Ramus and Szenkovits (2008) devised a way to test these two hypotheses, 
by relying on the phonological similarity effect discussed in Baddeley (1984). As 
already observed, phonological WM performance decreases if the items to be 
remembered have similar phonological properties, since the subjects are likely to 
confuse those items. Importantly, the two approaches to the phonological deficit 
make different predictions as for what concerns the similarity effect in dyslexia: If 
the phonological representations of dyslexic subjects are degraded, dyslexics 
should show an increased phonological similarity effect; if the phonological 
representations are intact, dyslexics should be as affected as controls by the 
similarity effect, not more. Ramus and Szenkovits (2008) tested these predictions 
by administering two different non-word discrimination tasks in which subjects are 
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required to discriminate between items within a sequence of 2 to 7 non-words. In 
one test, the items in the sequence are either identical or differed by just one 
phonetic feature. In the other test, the items are maximally different. The authors 
report that the performance of the dyslexic subjects is generally poorer than that of 
the control subjects, but the similarity effect has the same magnitude among 
dyslexic and control subjects.25  

The results reported by Ramus and Szenkovits (2008) suggest that the 
phonological representations processed by dyslexic subjects are not degraded. The 
results are compatible with the p-WMDH and, more generally, with those 
approaches that assume intact phonological representations but deficient 
phonological WM capacity.  

Still, it remains to be explained how the p-WMDH accounts for the poor 
level of phonological awareness that typically characterizes dyslexic subjects. In 
order to achieve this goal, Ramus and Szenkovits (2008) tentatively introduce the 
notion of ‘phonological access’. With this term, the authors mean the processes by 
which phonological representations are accessed for the purpose of external 
computations. Phonological access is important both for tasks tapping 
phonological WM and for tasks tapping phonological awareness. Phonological 
WM tasks require access to phonological representations for the purpose of 
copying them into the storage, refreshing them in the storage, and retrieving them 
from the storage. Phonological awareness tasks require conscious phonological 
access, which may impose special demands on access mechanisms. Phonological 
access may also be the mechanism responsible for retrieving the phonological 
representations stored in the lexicon.  

Accordingly, Ramus and Szenkovits (2008) propose that dyslexia is 
associated with poor phonological access abilities. In this way, they account for the 
phonological WM deficit, the phonological awareness deficit, and also the 
difficulties in lexical retrieval.  

Is it possible to implement Ramus and Szenkovits’ hypothesis within 
Baddeley’s WM model? Let us start by observing that a fundamental feature of 
Baddeley’s WM model, in particular as compared to earlier models of short-term 
memory (see a.o. Atkinson and Shiffrin 1968), is that its components are conceived 
in terms of two broad dimensions: (i) a static storage dimension, responsible for 
the temporary storage of the relevant information, and (ii) a dynamic dimension, 
responsible for accessing the information in order to store it, refresh it, and make it 
available to other systems. Ramus and Szenkovits’ hypothesis can be implemented 
                                                             
25 The results were successfully replicated in various variants of the task and extend 
previous studies that also report no differential similarity effect during recall tasks and 
repetition tasks tapping phonological WM (see Hall et al. 1983; Johnston et al. 1987; 
Messbauer and de Jong 2006; Swanson and Ramaglia 1992).  



Chapter 3 92 

by proposing that what is affected in dyslexia is this latter dynamic dimension of 
the Phonological Loop, rather than its storage dimension. Accordingly, I will 
assume the hypothesis in (3), where by ‘dynamic dimension of the Phonological 
Loop’ I mean the (set of) mechanism(s) responsible for accessing information in 
order to store it in the Phonological Loop, refresh it, and retrieving it from the 
Phonological Loop.26 

(3) p-WMDH Version 3: Dyslexic subjects suffer from a deficit affecting the 
dynamic dimension of the Phonological Loop. 

It is interesting to observe in this respect that, according to recent research, the 
rehearsal component of the Phonological Loop is supported at the neurological 
level by Broca’s region (see Baddeley 2003). However, independent research on 
the role of Broca’s region in WM has shown that the region supports also the 
selection and comparison of the information maintained in verbal WM and the 
maintenance of information over a delay (see D’Esposito et al. 1998; Petrides 
1996; Smith and Jonides 1997; Ullman 2004). Other studies have also argued that 
the role of Broca’s region is to recall, select, and maintain in verbal WM 
information that is stored in long-term memory (Cowan 1999; Ruchkin et al. 2003; 
Ullman 2004). These independent observations suggest that the ability to access 
verbal information in order to store it in phonological WM, refresh it, and make it 
available to other cognitive systems is supported by the same neural substrate.  
Ultimately, they support the view according to which the rehearsal system of the 
Phonological Loop should be regarded as one of a set of dynamic mechanisms – 
sharing a common neural substrate – responsible for accessing, storing, and 
maintaining information within the Phonological Loop storage.  

3.2.4 The verbal Working Memory Deficit Hypothesis (v-WMDH) 

The hypothesis in (3) is mainly a refined version of the more general phonological 
deficit hypothesis discussed in chapter 1, section 1.2. It defines in more restricted 
terms the locus and nature of the phonological deficit. That is to say, (3) is the 
version of the phonological deficit hypothesis that seems more adequate given the 
data available at present. Abstracting away from its actual implementation within 

                                                             
26 The proposal can be implemented in more precise terms within a more sophisticated 
model of the Phonological Loop, such as the one proposed by Vallar and Papagno (2002). 
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Baddeley’s WM model, the essence of the hypothesis is that dyslexia is associated 
with a deficit affecting what I called the dynamic dimension of the phonological 
WM system, that is the set of mechanisms that support the access to phonological 
representations for the purpose of copying them in the phonological storage, 
refreshing them, and making them available to other systems.  

In order to account for the more general linguistic deficit associated with 
dyslexia (in particular, the findings reviewed in chapter 1, section 1.3) and the 
results of Experiment I (chapter 2, sections 2.3 and 2.4), I propose to amend the p-
WMDH as follows: 

(4) v-WMDHVersion 1: Dyslexic subjects suffer from a verbal WM deficit. 

With the term ‘verbal WM’, I refer to the ability to temporarily store both 
phonological and grammatical representations of the linguistic input. Then, 
according to (4), dyslexic subjects are not only impaired in the ability to 
temporarily store phonological representations but also in the ability to temporarily 
store grammatical representations. 

The main source of support I will provide in favor of (4) will be showing 
that (4) has a large empirical coverage and permits to define in precise terms the 
pattern of language specific deficits reviewed in the preceding chapters. However, 
there is also some independent evidence in favor of (4). In particular, there is 
evidence that the neural substrates that support phonological WM (more precisely, 
the dynamic dimension of the Phonological Loop) are the same neural substrates 
that support the processing of syntactic dependencies.  

As mentioned in the previous section, converging evidence suggests that 
the rehearsal component of the Phonological Loop is supported by neural circuits 
located in Broca’s area. Evidence comes from the study of patients with lesions 
and more recent neuroimaging studies (see Paulesu et al. 1993; Smith et al. 1998; 
Wagner et al. 2001). Broca’s area is generally identified with Brodmann’s areas 44 
and 45, in the left hemisphere (see FIGURE 2 below), and is part of the larger region 
known as Left Inferior Frontal Gyrus (LIFG, Brodmann’s areas 44, 45, and 47), 
whose involvement in language processing is well established (see a.o. Grodzinsky 
and Amunts 2006; Moro 2008). 
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FIGURE 227 
Lateral surface of left cerebral hemisphere, viewed from the side. 

Numbers refer to Brodmannʼs areas. 
 

 
 

 
Importantly, the study of patients with lesions (see a.o. Grodzinsky 2000) and, 
more recently, neuroimaging studies (see a.o. Musso et al. 2003) have shown that 
Broca’s area is involved in another crucial linguistic activity: the computation of 
syntactic dependencies. These are the dependencies that relate different positions 
in the grammatical structure of a sentence. Consider the simple case of a wh-
question: 

(5) Who did you meet? 

The wh-phrase who occupies the initial position in the sentence but is interpreted as 
the internal argument of the verb meet. In English, however, the internal argument 
of meet normally occurs within the VP and follows the verb, as does Mary in (6). 
 
(6) You met Mary 
 
                                                             
27 From http://www.brain-maps.com/gehirn/broca_wernicke.jpg. 



The verbal Working Memory Deficit Hypothesis 95 

How is it possible that who, despite its being at the beginning of the sentence, is 
interpreted as the internal argument of meet? That is, how is it possible that who is 
interpreted as if it occurred in the position of Complement of meet? The traditional 
answer provided in generative grammar (see Chomsky 1981) is that who has 
‘moved’ from its base position (Complement of V), where it is interpreted as the 
internal argument of meet, to a new position (Specifier of C). The movement 
dependency is represented in (7). 
 
(7)  CP 
 
           NP  C’ 
          who 
  C   IP 

            did 
  NP  VP 
            you 
   V   NP  
            meet    e   
 
 

 
Then, interpreting (5) requires taking into account the dependency between the 
position in which who is pronounced and the position in which who is interpreted 
as the internal argument of meet.  

Grodzinsky (2005) observes three important facts: (i) the processing of 
movement dependencies typically activates Broca’s area; (ii) the processing of 
movement dependencies requires some sort of short-term memory that keeps track 
of the grammatical properties of the elements in the dependency; (iii) Broca’s area 
supports phonological WM. On the basis of these observations, Grodzinsky (2005) 
proposes that the verbal component of the WM system has wider scope than just 
phonology. In other words, Grodzinsky envisages the possibility that the 
component of WM that is devoted to language may support not only the temporary 
storage of the phonological properties of the input, but also the temporary storage 
of the grammatical properties of the linguistic input. 

The same considerations support the proposal in (4). On the one hand, the 
presence of movement dependencies in natural language demands a WM for the 
temporary storage of the grammatical properties of the items in the dependency. 
On the other hand, the processing of movement dependencies activates Broca’s 
area, which is the area supporting phonological WM. It is reasonable to explore the 
possibility that the component of WM that is devoted to language does not only 
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support the temporary storage of phonological representations of the linguistic 
input, but also the temporary storage of grammatical representations. 

3.2.5 v-WMDH and Baddeley’s model of WM 

The hypothesis in (4) claims that the deficit associated with dyslexia affects the 
ability to temporarily store both phonological and grammatical representations. 
The proposal can be implemented within Baddeley’s model of WM in two 
different ways. A first way to go is to assume that the Phonological Loop is not 
only responsible for the temporary storage of the phonological properties of the 
input but also for the temporary storage of the grammatical properties of the input. 
In order to make this assumption explicit, let us rename the Phonological Loop as 
‘Verbal Loop’, where the label ‘Verbal Loop’ refers to the component of the WM 
system that is responsible for the temporary storage of phonological and 
grammatical representations of the linguistic input.28 The resulting model of WM 
looks as in FIGURE 3 and the v-WMDH goes as in (8). 

 

                                                             
28 The term ‘Loop’, as used in the label ‘Verbal Loop’, may sound inappropriate. The reason 
is that, while it is quite intuitive to think of a loop dedicated to phonological information, 
where refreshing is performed by a mechanism of sub-vocal rehearsal, it is not as intuitive to 
think of a loop dedicated to grammatical information. In particular, it is difficult to devise a 
rehearsal mechanism that refreshes a rather abstract type of information such as grammatical 
representations. However, it should be taken into account that, as suggested by Bishop and 
Robson (1989), the Phonological Loop does not deal with simple stretches of sounds but, 
rather, with a more abstract level of phonological representation of the input; moreover, the 
process of phonological rehearsal involves the activation of an abstract phonological 
representation constructed solely on the basis of speech perception (see also Gathercole and 
Baddeledy 1993; Gathercole and Hitch 1993), rather than the simple sub-vocal repetition of 
the input. In conclusion, the mechanism responsible for refreshing information in the 
Phonological Loop seems to deal with representations that are for no reason less abstract 
than grammatical representations. 
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FIGURE 3 
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(8) v-WMDHVersion 2: Dyslexic subjects suffer from a deficit affecting the 
dynamic dimension of the Verbal Loop. 

An alternative way to go is to assume that the component of the WM system that is 
dedicated to language includes two separate subsystems: A system dedicated to the 
temporary storage of the phonological properties of the input, call it the 
Phonological Loop, and a system dedicated to the temporary storage of the 
grammatical properties of the input, call it Grammatical Loop. The resulting model 
of WM looks as in FIGURE 4. 

According to the model in FIGURE 4, the Phonological Loop and the 
Grammatical Loop are distinct cognitive systems. Thus, the model allows the 
possibility that only one of the two systems is impaired, whereas the other is 
spared.  
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FIGURE 4 
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This model suggests a different implementation of the v-WMDH. 

Consider the neurological facts reviewed in section 3.2.4. These facts show that the 
temporary storage of phonological representations and the temporary storage of 
grammatical representations are supported by neural circuits located within the 
same region (that is, Broca’s area; see also Hagoort 2005). Therefore, the 
Phonological Loop and the Grammatical Loop, as conceived in the model in 
FIGURE 4, cannot be regarded as entirely distinct cognitive modules. Rather, they 
can be regarded as potentially distinct cognitive systems, relying on closely related 
neural substrates, that are likely to be impaired simultaneously more often than 
expected by chance.  

Accordingly, the v-WMDH can be implemented as follows: Dyslexia is 
characterized by a deficit affecting the (dynamic dimension of the) Phonological 
Loop but, given the neural proximity of the Phonological and Grammatical Loops, 
it is likely that the deficit affecting the Phonological Loop extends also to the 
Grammatical Loop. This version of the hypothesis, reported in (9), holds that 
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dyslexia is characterized by a core phonological deficit that is likely to extend to 
the domain of grammar.29 

(9) v-WMDHVersion 3:  
(i) Dyslexic subjects suffer from a deficit affecting the dynamic 
dimension the Phonological Loop; 
(ii) Given the neurological proximity of the Phonological anGrammatical 
Loops, a deficit affecting the Phonological Loop is likely to affect also the 
Grammatical Loop. 
 

The hypotheses in (8) and (9) make different predictions. The hypothesis in (8) 
predicts that all dyslexic subjects are characterized by a non-phonological 
linguistic deficit. The hypothesis in (9) predicts that not all dyslexic subjects are 
necessarily affected by a non-phonological linguistic deficit. That is, (9) leaves 
open the possibility that some dyslexics are affected by a deficit targeting the 
Phonological Loop and leaving spared the Grammatical Loop. 

The data considered so far are not conclusive. On the one hand, 
Scarborough (1990; 1991) reports that the measures of syntactic proficiency 
collected at a very young age are better predictors of the reading disability than the 
measures of phonological proficiency. This suggests that the grammatical deficit is 
a characterizing feature of all dyslexic subjects. On the other hand, the data 
concerning the relation between dyslexia and Specific Language Impairment 
suggest that (9) should be preferred over (8). I discuss this issue in the following 
section.  

3.2.6 SLI, dyslexia, and v-WMDH 

Specific Language Impairment (SLI) is defined as a failure to develop normal 
language skills despite normal intelligence, absence of hearing, physical, or 
emotional problems, and adequate learning environment (Bishop 1997). SLI 
affects around 6% of the population at large (Leonard 1998). Similarly to dyslexia, 
SLI runs in families: In about 22% of the cases a member of a family of a child 

                                                             
29 The hypothesis is consistent with the view promoted by Morris et al. (1988) according to 
which dyslexia is a label for a number of subtypes of reading disabilities all sharing a core 
phonological deficit. 
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with SLI suffers from a language disorder (Rice et al. 1998). This observation and 
the fact that 75% percent of SLI subjects are male suggest a genetic basis for SLI.30  

Dyslexia and SLI are overlapping disorders. McArthur et al. (2000) tested 
a group of 110 children with dyslexia (aged around 8 to 12 years) and a group of 
102 children with SLI (aged around 7 to 9 years). They found that 55% of the 
children with dyslexia also met the diagnostic criteria for SLI and that 51% of the 
children with SLI also met the diagnostic criteria for dyslexia. In sum, out of the 
212 children tested, approximately 53% were equally classified both as dyslexics 
and SLIs. According to the authors, the only factor that determined whether a child 
in the ‘comorbidity group’ was classified as dyslexic or SLI was where she was 
placed – in a mainstream classroom or a Language Development Centre.  

The data concerning comorbidity between dyslexia and SLI should be 
taken with some caution, for at least three reasons. Firstly, different studies report 
different results. The reported percentage of children with SLI that can be 
classified as dyslexic varies across studies from 12% to 85%.31 The percentage of 
dyslexic children that can be classified as SLI varies across studies from 19% to 
63%.32 Secondly, the prevalence of the two disorders is age dependent (see 
Pennington and Bishop 2009). Dyslexia cannot be identified until children have 
been exposed to reading instruction. SLI, on the other hand, is typically most 
apparent in the preschool years and tends to decline with age (see Bishop and 
Edmundson 1986). Thirdly, sampling bias in clinical samples may artificially 
inflate comorbidity (see Berkson 1946). Yet, even when these legitimate concerns 
are taken into account, the level of comorbidity between the two disorders remains 
significantly high. Pennington and Bishop (2009) show, by reviewing a number of 
studies, that the risk for dyslexia among SLIs and for SLI among dyslexics is twice 
as predicted by chance, even when the risk measure is controlled for sampling bias.  

The data on comorbidity suggest that (9) should be preferred over (8). In 
fact, according to the data, only a subset of the dyslexic subjects suffer from the 
non-phonological linguistic deficit typically associated with SLI. 

Notice that the analysis of dyslexia in the light of its relation with SLI 
offers a new possible line of explanation for the non-phonological linguistic deficit 
experienced by dyslexic subjects. Given the high rate of comorbidity between 
dyslexia and SLI, the occurrence of a non-phonological linguistic deficit among 

                                                             
30 For an overview of the main theories of SLI see Guasti (2002, chapter 11). 
31 See Aram and Nation (1980); Catts (1993); Morris et al. (1998); Neville et al. (1998); 
Silva et al. (1983). 
32 See Doehring and Hoshko (1997); Denkla (1977); Fisk and Rourke (1979); Lyon and 
Watson (1981); Mattis (1978); Mattis et al. (1975); Morris et al. (1998); Petrauskas and 
Rourke (1979); Satz and Morris (1981). 



The verbal Working Memory Deficit Hypothesis 101 

dyslexic subjects could be due to the fact that many of them are also specifically 
language impaired (see Bishop and Snowling 2004). That is:  

 
A significant subset of the dyslexic subjects have a non-phonological 
linguistic deficit because they are also affected by SLI.  
 

This line of explanation would allow us to maintain that dyslexia is a selective 
phonological deficit, without assuming that dyslexia is in itself associated with a 
broader linguistic deficit. The non-phonological linguistic deficiencies would result 
from the high degree of comorbidity between dyslexia and SLI, that is, from the 
fact that many dyslexic subjects are also specifically language impaired.  

The ‘comorbidity hypothesis’, however, leaves some crucial questions 
open. First of all, if the hypothesis is correct we expect that all the dyslexic 
subjects with a non-phonological language impairment have the same linguistic 
deficit that characterizes SLI subjects. Is this the case? More precisely, does the 
pattern of linguistic difficulties associated with dyslexia exactly overlap with the 
pattern of linguistic difficulties normally associated with SLI? More generally, do 
the subjects in the comorbidity group constitute a homogeneous class, at least with 
respect to their linguistic deficit?  

Secondly, the comorbidity hypothesis maintains that SLI and dyslexia are 
two distinct deficits and that the language deficit of a large part of the dyslexic 
subjects is due to their being also SLI. Now, if SLI and dyslexia were independent 
impairments, we should not expect them to co-occur as often as reported by 
McArthur and colleagues. Then, why is it the case that SLI and dyslexia co-occur 
so often, despite the fact that they are distinct disorders? 

These questions, all of fundamental interest, are the subjects of a lively 
debate (see Pennington and Bishop 2009 for an up-to-date overview). However, 
the literature on the subject does not provide any conclusive answers. 

As for the present study, I prefer to restrict myself to two simpler tasks: (i) 
formulating a theory of dyslexia that accounts for the fact that many, if not all, 
dyslexics have a non-phonological linguistic deficit; (ii) deriving the pattern of 
language impairment described so far. The hypothesis I have proposed in (4) is 
meant to address these two issues. Much of the remainder of this chapter is 
dedicated to show how the hypothesis accounts for the facts reviewed in chapter 1 
and for the results of Experiment I. Finally, I would like to reduce the choice 
between (8) and (9) to a simpler empirical question: Does the non-phonological 
linguistic deficit affect all dyslexic subjects or only a subset of them? 
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3.2.7 v-WMDH and PMDH 

Before showing how the v-WMDH accounts for the non-phonological linguistic 
deficit of dyslexic subjects, I would like to spend a few words on the relation 
between the v-WMDH discussed in this chapter and the PMDH introduced in 
chapter 1, section 1.5. The relation is quite simple: The v-WMDH can be regarded 
as a highly restricted version of the PMDH. In fact, according to Ullman 
(2004:240-241), WM is a subcomponent of the Procedural Memory system. 
Therefore, a deficit affecting the dynamic dimension of the Verbal Loop 
corresponds to a deficit affecting a specific subsystem of the Procedural Memory 
system. 

The two hypotheses differ in an important respect. The PMDH, on one 
hand, predicts that all dyslexic subjects experience some sort of difficulty in 
performing automatic motor tasks. In fact, the Procedural Memory system supports 
also the performance of automatic motor tasks. The v-WMDH, on the other hand, 
predicts that none of the dyslexic subjects experience difficulties with automatic 
motor tasks, given that the short-term memory deficit is restricted to the verbal 
component of WM and, arguably, does not extend to other domains. As mentioned 
in chapter 1, section 1.5.2, the data concerning the presence of a motor deficit in 
dyslexia are shaky and not conclusive (see Ramus 2003). Yet, they converge on the 
conclusion that, if there is a motor deficit in dyslexia, such a deficit does not affect 
all dyslexic subjects equally. Then, both hypotheses make wrong predictions. 

It should be noticed, however, that Broca’s region is arguably implicated 
in the mental imagery of motion (Binkofski et al. 2000; Rizzolatti and Arbib 1998; 
Rizzolatti et al. 2000; Ullman 2004). We could then advance a hypothesis in the 
same spirit of (9): Given that the dynamic dimension of the Verbal Loop and the 
ability to perform certain motor-related skills are supported by neural circuits 
located in the same region, a deficit affecting the dynamic dimension of the Verbal 
Loop is likely to extend also to those motor related domains.33 Indeed, the 
hypothesis is highly tentative and has no independent support. Further research is 
required.  

                                                             
33 This tentative hypothesis is much in the spirit of Ullman’s (2001; 2004) proposal that 
parallel circuits involving basal ganglia and cerebellum and projecting to different (sub-) 
regions of the LIFG are engaged in computations in different, but related, domains (e.g. 
language, motor-sequencing, etc.).  
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3.2.8 Summary 

In this section, I have discussed the p-WMDH, according to which dyslexic 
subjects are impaired in their ability to temporarily store phonological 
representations. Following Ramus and Szenkovits (2008), I have proposed that 
dyslexics suffer from a deficit affecting the ability to access phonological 
representations in order to temporarily store them, refresh them, and make them 
available for further computations. I have attempted to frame the hypothesis within 
Baddeley’s model of WM by suggesting that what is impaired in dyslexia is the 
dynamic dimension of the Phonological Loop. This version of the hypothesis has 
been shown to account for poor phonological short-term memory, poor 
phonological awareness, and poor lexical retrieval.  

I have then proposed that the p-WMDH should be extended in order to 
cover also the non-phonological linguistic deficit of dyslexic subjects. More 
precisely, I have proposed the v-WMDH, according to which dyslexics are 
impaired in the short-term storage of both phonological and grammatical 
representations.  

3.3 v-WMDH and grammar 

In this section, I show how the v-WMDH accounts for the pattern of linguistic 
errors described in 1.3. In particular, I show how the hypothesis accounts for the 
comprehension errors reported for relative clauses, tough-sentences, and pronouns 
in principle B configurations. I do not discuss Vender’s (2009a) results in this 
section. I prefer to postpone the discussion of these results to the next chapter 
(section 4.5), after I have introduced and discussed the notion of Scalar 
Implicature.  

3.3.1 Relative clause sentences 

As mentioned in section 1.3.2, Stein et al. (1984) report that poor readers have 
severe difficulties with OO (see 10d) and SO (see 10b) relative clause sentences, as 
compared to OS relative clause sentences (see 10c). 
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(10) a. SS: The lion that hits the bear rolls the ball 

b. SO: The bear that the lion hits rolls the ball  

c. OS: The lion hugs the bear that rolls the ball 

d. OO: The bear bites the lion that the ball hits 

The data by Stein and colleagues show that dyslexic subjects experience significant 
difficulties with object extracted (OE, for short) relative clause sentences, but no 
significant difficulty with subject extracted (SE) relative clause sentences.  

It is a well-known fact that, in SVO languages, OE relative clause 
sentences are more complex to comprehend than SE relative clause sentences. 
Among unimpaired adult subjects, OE relative clause sentences, as compared to SE 
relative clause sentences, are more difficult to parse (see Ford 1983; Hakes et al. 
1976; Holmes 1973; Holmes and O’Regan 1981; King and Just 1991; Wanner and 
Maratsos 1978; Waters et al., 1987) and demand more blood flow in the language 
related areas in the brain (see Just et al. 1996a; 1996b; Stromswold et al. 1996).  

The most successful line of explanation of this contrast maintains that OE 
relative clause sentences are more difficult than SE relative clause sentences 
because they demand more (working) memory resources (see a.o. Gibson 1991; 
1998; 2003; Hakuta 1981; Just and Carpenter 1992; Lewis 1993; Lewis et al. 2006; 
MacWhinney 1987; Stabler 1994).  

The idea at the core of this class of approaches is that understanding a 
sentence in real-time requires storing in some sort of working memory the partial 
products of the comprehension process, so that the comprehender can compute the 
linguistic dependencies between the elements in the sentence. For example, a 
subject NP is retained in memory until a verb is met. Consider the NP the present 
in the examples (11) and (12), from Lewis et al. (2006).  

(11) Jane knows that the present arrives today 

(12) Jane knows that the present from her uncle in Bogotá arrives today 

In (11), at the point where the comprehender encounters the subject NP the 
present, the parser is expecting a verb. Therefore, the present is retained in 
memory until the parser encounters the verb arrives. At this point, the parser 
retrieves the NP the present from memory and establishes a subject-verb 
dependency between the present and arrives (represented, in the examples under 
discussion, by an arrow connecting the two elements in the dependency). The same 
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process applies to the parsing of (12), with the only difference that the NP the 
present has to be retained in memory for a longer period of time, given the larger 
distance between the present and arrives.34 

Different sentences are associated with different memory costs. For 
example, (12) imposes a higher memory cost than (11) because the parsing of (12) 
requires that the NP the present is retained in memory for a longer period of time.  

Consider now the parsing of relative clauses. Let us start by considering 
the NP in (13), which hosts an SE hypothesis clause.  

(13) The lion that hits the bear 

The role of the complementizer that is to signal to the parser that the NP the lion 
has to be the argument of an embedded verb. Therefore, the NP the lion is retained 
in memory until the parser encounters the embedded verb hits. At this point the 
lion is retrieved from memory and analyzed as the subject of hits.  

Consider now the NP in (14), which hosts an OE relative clause. 
 

(14) The lion that the bear hits 

In a first instance, the parser encounters the complementizer that, which signals 
that the NP the lion has to be the argument of an embedded verb. Therefore, the 
lion is stored in memory. Then, the parser encounters the embedded NP the bear, 
which is expected to be the subject of an embedded verb. Therefore, also the bear 
is stored in memory. Finally, at the point where the verb hits is encountered, both 
the lion and the bear are retrieved from memory and analyzed as, respectively, the 
object and the subject of hits. 

Consider now the difference in memory cost between the parsing of (13) 
and the parsing of (14). In the case of (13), the comprehender is asked to store in 
memory the NP the lion and to retrieve it when hits is encountered. In the case of 
(14), the comprehender is asked to: (i) store in memory two NPs, the lion and the 
                                                             
34 A relatively accepted and empirically supported practice is to identify the distance 
between two elements in a sentence with the number of expressions introducing a discourse 
referent that intervene between the two elements (see Gibson 2000). For example, in (11) 
the distance between the present and arrives is 0, because there is no referring expression 
occurring between the two elements. In (12) the distance between the present and arrives is 
2, because there are two referring expressions, her uncle in Bogotá and Bogotá, occurring 
between the two elements.  
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bear; (ii) maintain the lion in memory for a relatively long period of time; (iii) 
retrieve two NPs from memory at the point where hits is encountered. In 
conclusion, (14) demands significantly more memory resources than (13). In 
particular, the parsing of the two NPs differ in the amount of information that 
needs to be stored, the period of time in which the information needs to be 
retained, and the amount of information that needs to be retrieved in a single step.  

It is now possible to see how the v-WMDH accounts for the dyslexics’ 
difficulties with OE relative clause sentences. Let us identify the memory 
component responsible for the temporary storage of information during sentence 
parsing with the Verbal Loop of the WM model represented in FIGURE 3. Given 
that the v-WMDH maintains that this component is affected in dyslexic subjects, 
dyslexics are expected to experience significant difficulties with the 
comprehension of OE relative clause sentences, whose parsing demands 
considerable verbal WM resources, but no difficulty with the comprehension of SE 
relative clauses, whose parsing demands very little verbal WM resources. 

In other words, the parsing of OE relative clause sentences demands 
significant verbal WM resources. Dyslexic subjects, having, by hypothesis, limited 
verbal WM resources, fail in comprehending OE relative clause sentences. SE 
relative clause sentences, on the other hand, demands very little verbal WM 
resources and, therefore, dyslexic subjects do not experience difficulties in 
comprehending them.  

3.3.2 Tough-sentences 

Byrne (1981) reports that, while both poor and good readers are equally good in 
interpreting type (15) constructions, poor readers have significant more difficulties 
than controls in interpreting type (16) constructions35 (see 1.3.1). Also this contrast 
can be explained as the result of a verbal WM deficit. 

(15) The bird is happy to bite  

(16) The bird is tasty to bite 

                                                             
35 The type of construction exemplified in (16) is known in the syntactic literature as tough-
construction or tough-sentence (see Chomsky 1964; see Rezac 2006 for an updated 
overview of the phenomenon and its theoretical implications).  
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Let us start by considering sentence (15). In this sentence, the NP the bird is 
understood as the subject of the embedded infinitival to bite. This means that a 
successful parse of the sentence must take into account the dependency between 
the NP the bird and the verb bite, as represented in (17). In turn, the parsing of this 
dependency requires verbal WM resources. 

(17) The bird is happy to bite  

Consider now sentence (16). In this case, the NP the bird is understood as the 
object of bite. What’s then the subject of the embedded infinitival? The line of 
explanation adopted in the syntactic literature assumes that the uninflected 
complement of a predicate like being happy has as its subject an arbitrary PRO 
(see Chomsky 1980). Arbitrary PRO (PROarb, for short) is an NP with a null 
phonological exponent, which can head infinitival sentences without being 
controlled by an overt NP. It has a generic/arbitrary interpretation. Consider the 
example in (18). Here, the subject of to dance is assumed to be the phonologically 
null PROarb. Accordingly, the sentence is interpreted as ‘for a generic/arbitrary 
individual, it is fun to dance all night’.  

(18) PROarb to dance all night is fun 

If this line of explanation is correct, the parsing of (16) must take into account two 
dependencies: the subject-verb dependency between PROarb and bite and the 
object-verb dependency between the bird and bite. These dependencies are 
represented in (19). 

(19) The bird is tasty PROarb to bite  

If we compare the parsing of (17) with the parsing of (19), we see that (19) 
requires more verbal WM resources than (17). More precisely (19) requires 
maintaining in memory two NPs and it requires retrieving from memory two NPs 
in a single parsing step. 

Given this premises, the v-WMDH correctly predicts that dyslexic 
subjects experience more difficulties in comprehending (19) than in 
comprehending (17). The reason is that the parsing of (19) requires more verbal 
WM resources than the parsing of (17). 
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3.3.3 Principle B 

Waltzman and Cairns (2000) report that dyslexic children have problems with 
principle B of Binding Theory (see 1.3.4). Principle B (see Chomsky 1981) is the 
principle excluding coreference between Jane and her in the sentences in (27). 
More precisely, principle B states that a pronoun cannot be in an anaphoric relation 
with an antecedent that c-commands the pronoun and that occurs in the same 
clause as the pronoun. In (27), her cannot be interpreted as referring to Jane 
because Jane c-commands her and occurs in the same clause as her.  

(27) a. Jane is tickling her 

 b. Mary sees that Jane is tickling her  

Capitalizing on Reinhart’s work (Reinhart 1983a; 1983b; 2000; Grodzinsky and 
Reinhart 1993), I propose that dyslexic subjects violate principle B because the 
processing of the rule excluding coreference between a pronoun and a c-
commanding clause-mate antecedent requires a reference-set computation, which 
is a type of computation that demands significant verbal WM resources. Given 
that, by hypothesis, dyslexic subjects have limited verbal WM resources, they 
often fail in processing such rule. 

In chapter 2, section 2.1, I have introduced and motivated a distinction 
between two types of anaphoric dependency: binding, a relation according to 
which an NP binds a pronoun occurring in its c-command domain, and 
coreference, a relation according to which two NPs refer to the same entity in the 
discourse domain. Following Partee (1978), I have taken the view that binding is 
encoded at the level of grammatical representation and subject to grammatical 
constraints, whereas coreference is encoded at the level of discourse and subject to 
discourse level constraints. Notably, also the anaphoric relation excluded by 
principle B in the examples in (27) could be either one of binding or one of 
coreference. Consider (27a). In this sentence, the anaphoric relation between Jane 
and her could be either binding (if this were the case, the sentence would have the 
interpretation in 28a) or coreference (if this were the case, the sentence would be 
interpreted as in 28b).  

(28) a. Jane is an x such that x is tickling x 

 b. Jane is an x such that x is tickling Jane 



The verbal Working Memory Deficit Hypothesis 109 

This observation raises an important question: What is principle B meant to 
constrain? Binding, coreference, or both? The first intuitive answer is that principle 
B should constrain both binding and coreference, given that neither (28a) nor (28b) 
are possible interpretations for (27a). This answer, however, goes against the idea 
that binding is subject to grammatical constraints whereas coreference is subject to 
discourse level constraints. The problem is that, in order for principle B to 
constrain both binding and coreference, the principle should have scope over both 
grammatical and discourse representations. Yet, how is it possible that a unique 
principle can act both as a grammatical constraint and a discourse level constraint, 
especially when we have just argued that the two levels should be kept distinct? 

Grodzinsky and Reinhart (1993) observe two important facts. The first 
fact is that, when coreference is involved, apparent violations of principle B can be 
grammatical. Here is an example reported by Waltzman and Cairns (2000), taken 
from a commercial in which a woman advertises a bath product: 

(29) I always do things for other people. I do things for my husband. I do 
things for my children. I do things for my friends. But this is something I 
do for me. 

Another example of principle B violation is reported by Reinhart (1983a): 

(30) I know what Mary and Bill have in common. Mary adores him and Bill 
adores him too. 

In the context of (30), the sentence Bill adores him too is interpreted as ‘Bill adores 
Bill too’. In the context of (29), the sentence this is something I do for me, as 
uttered by a speaker S, is interpreted as ‘this is something S does for S’. Notice, 
however, that such violations of principle B are possible only in special contexts. 
In the context of (29), for example, the use of me, instead of myself, conveys the 
idea that the speaker is a member of a group of people she does things for. 
Nevertheless, when the context is appropriate and the anaphoric relation involved 
is coreference, principle B can be violated.  

The second fact considered by Grodzinsky and Reinhart (1993) concerns 
the acquisition of principle B. Chien and Wexler (1990) tested sentences such as 
(30a) and (30b). 
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(30) a. Oscar touches him 

 b. Every boy touches him  

Notice that in (30a) the anaphoric dependency between Oscar and him, which is 
the anaphoric dependency principle B is meant to rule out, can be either binding or 
coreference. In (30b), however, the only available anaphoric dependency between 
every boy and him is binding, since every boy is a quantificational NP that does not 
refer to an individual in the discourse domain. Chien and Wexler report that 
children aged between 2;6 and 6;6 violate principle B about 50% of the times when 
tested in their interpretation of sentences such as (30a), but violate principle B only 
15% of the times when tested in their interpretation of sentences such as (30b). The 
data show that children obedience of principle B improves when the anaphoric 
dependency to be excluded is binding. On the contrary, children’s performance 
decreases substantially, reaching chance level, when the coreference option is 
available (see 30b). 

These observations suggest that the constraint on binding and the 
constraint on coreference should be distinguished. Firstly, the constraints on 
coreference can be violated, at least under special conversational circumstances. 
Secondly, the constraints on binding are mastered by children much earlier than the 
constraints on coreference. 

On the basis of these observations, Grodzinsky and Reinhart (1993) 
propose that condition B of binding theory should be split into two distinct rules: a 
rule constraining binding and a rule constraining coreference. Let us consider these 
two rules, starting from the binding constraint: 

(31) Binding Constraint (BC)36: a (non-reflexive) pronoun cannot be bound in 
its clause.  

BC governs exclusively binding relations. In the case of (30a), for example, BC 
excludes the interpretation according to which Oscar is an x such that x touches x, 

                                                             
36 The label ‘Binding Constraint’ is mine. Grodzinsky and Reinhart (1993) refer to the rule 
as ‘condition B’. The idea behind their terminological choice is that the binding principles 
formulated in Chomsky (1981) are valid, but have scope exclusively over binding. Here, I 
prefer to maintain the term ‘condition B’ as a descriptive label subsuming both the binding 
constraint and the coreference constraint and to introduce the term ‘Binding Constraint’ to 
refer to the rule that specifically constrains binding.  
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because the binder Oscar occurs in the same clause as the pronoun. Notice that BC 
does not exclude the interpretation according to which Oscar is an x such that x 
touches Oscar, since that interpretation does not entail binding between Oscar and 
him. Coreference between Oscar and him in (30a) is excluded by Rule I: 

(32) Rule I: NP A cannot corefer with NP B if replacing A with C, C a 
pronoun bound by B, yields an undistinguishable interpretation.   

Rule I (the ‘I’ stands for ‘Intrasentential coreference’) is an inference based rule 
involving knowledge of grammar, meaning, and appropriateness to context. The 
intuition behind (32) is that, when binding is possible, it should be preferred over 
coreference. Therefore, coreference is excluded whenever the same interpretation 
can been obtained via binding.  

Let us see how Rule I works, by considering how coreference between 
Oscar and him is excluded in (30a), repeated below as (33a).  

 
(33) a. Oscar touches him 

b. Oscar is an x such that x touches x 

c. Oscar is an x such that x touches Oscar 
 
Sentence (33a) can be associated with two grammatical representations: a 
representation in which him is bound by Oscar and a representation in which him is 
left unbound, and, therefore, needs to receive a referent at the discourse level. BC, 
as formulated in (31), excludes the first representation, because in that 
representation him is bound by a clause-mate antecedent. Therefore, BC excludes 
the grammatical representation corresponding to the interpretation in (33b). 
However, BC does not exclude the representation in which him is left unbound 
and, therefore, does not exclude the interpretation in which him is assigned the 
individual Oscar as its referent. In other words, BC does not exclude the 
representation that can be interpreted as in (33c).  

Coreference between Oscar and him is excluded by Rule I: If we replace 
the unbound pronoun him with a pronoun bound by Oscar, we end up with the 
very same interpretive result. In fact, if we take him to be bound by Oscar, the 
sentence ends up meaning that Oscar touches Oscar; if we take him as an unbound 
pronoun that refers to Oscar, the sentence still ends up meaning that Oscar touches 
Oscar. Then, given that coreference between Oscar and him yields the same 
interpretation provided by binding between him and Oscar, Rule I excludes 
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coreference between him and Oscar. That is, the interpretation in (30c) is excluded 
because the same interpretation could have been obtained via binding.  

Rule I has important psychological implications, since it requires 
comparing the meanings provided by two different grammatical representations: a 
representation in which the pronoun is bound and a representation in which the 
pronoun is unbound. According to the rule, when interpreting him in (33a) as 
referring to Oscar, the user needs first to check whether the same interpretation can 
be obtained by replacing the unbound pronoun with a bound pronoun. If this is the 
case, the coreference option is excluded. This means that, when checking whether 
coreference between Oscar and him is possible, the user needs to process an 
alternative grammatical representation in which the pronoun is bound. More 
precisely, when applying Rule I, the parser needs to construct a reference-set 
including two grammatical representations: a representation in which the pronoun 
is bound and a representation in which the pronoun is left unbound. Arguably, the 
realization of this procedure demands significant WM memory resources. In 
particular, the construction of a reference-set including two alternative 
grammatical representations requires significant verbal WM resources. Following 
Reinhart (1999), I will refer to those computations that require the construction of 
a reference-set as ‘reference-set computations’. 

Then, the two rules, BC and Rule I, do not only differ in scope. They also 
differ in processing cost. In particular, Rule I, being a reference-set computation, 
demands extra verbal WM resources. This approach explains the asymmetry 
reported by Chien and Wexler (1991). Grodzinsky and Reinhart (1993) propose 
that young children, having limited WM resources fail in the construction of the 
reference-set and, therefore, cannot properly compute Rule I. Then, children are 
quite successful in applying BT, but fail in processing Rule I and, therefore, 
display more violations of principle B when the coreference option is available. 

This proposal can be adopted to explain the results of Waltzman and 
Cairns (2000). Notice that, in the experiment administered by Waltzman and 
Cairns, the coreference option was always available. In fact, the authors did not 
test sentences with a quantificational antecedent NP. Therefore, all the sentences 
used to test condition B required the computation of Rule I. I propose, then, that 
dyslexic subjects, having poor verbal WM resources, often fail in the computation 
of Rule I and, as a consequence, allow coreference between a pronoun and a clause 
mate c-commanding antecedent. This proposal explains why the verbal WM deficit 
of dyslexic subjects affects their performance in the comprehension task testing 
condition B.  

The proposal is corroborated by a finding reported in Waltzman and 
Cairns (2000). The authors included in the protocol testing the binding conditions 
also two tests of verbal WM. The first test, Linguistic Concepts–Oral Directions 
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(LC-OD), measured the subject’s ability to follow verbal directions of increasing 
linguistic complexity. The second test, Recalling Sentences (RS), RS required 
verbatim repetition of sentences of increasing length and linguistic complexity. 
Interestingly, the authors found that both measures of verbal WM significantly 
correlated with the scores obtained in the task testing binding conditions. This 
means that subjects with poor verbal WM were more likely to perform poorly in 
the task testing the binding conditions. However, given that dyslexic subjects and 
age-matched controls differ only in the task testing condition B, the finding 
indicates that there is a significant correlation between verbal WM skills and 
competence of condition B.  

3.3.4 Experiment I 

I am now in the position to show how the v-WMDH accounts for the results of 
Experiment I (see 2.3 and 2.4).  
 In Chapter 2, I presented the results of an experiment, Experiment I, 
testing the strategies of pronoun interpretation adopted by dyslexic and age-
matched control subjects. In the experiment, subjects were faced with ambiguous 
sentences containing a pronoun that could be interpreted either as bound or 
referential. The two groups, dyslexics and controls, did not differ with respect to 
their preference for one of the two interpretations. Yet, the two groups adopted 
different execution strategies: Dyslexic subjects, on the one hand, tended to stick to 
the same interpretation throughout the experiment; Control subjects, on the other 
hand, seemed to choose in a quite arbitrary fashion, providing individual chance 
level results. 

A central feature of the experimental setting is that, at the end of each 
experimental item, the subject is faced with a structurally ambiguous sentence of 
the type reported in (34). 

(34) Every friend of Francesco painted his bike 

Sentence (34) can be associated with two different grammatical representations: a 
representation in which his is bound by the c-commanding quantificational NP 
every friend of Francesco and a representation in which his is left unbound, and, 
therefore, needs to be valued at the level of discourse.  
 As is well-known, (see Just and Carpenter 1992), resolving a structural 
ambiguity demands significant memory resources. In particular, it requires to 
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compare a set of alternative grammatical representations in order to decide, on the 
basis of the available contextual information, which representation is to be 
preferred. Adopting the terminology introduced in the previous section, we can say 
that the process of resolving a structural ambiguity involves a reference-set 
computation, given that it requires comparing two (or more) competing 
grammatical representations.37 Therefore, resolving a structural ambiguity requires 
significant verbal WM resources, pretty much in the same way as Rule I does. I 
propose to explain the behavior of dyslexic subjects as a strategy adopted in order 
to avoid the process of resolving the ambiguity and, in particular, to avoid the 
reference-set computation triggered by such process. More precisely, I propose that 
dyslexics avoided the process of resolving the ambiguity by assigning to the target 
sentence the same grammatical representation chosen for the preceding 
experimental item. In this way, dyslexics managed to avoid the process of 
constructing and maintaining a reference-set. 

The hypothesis is corroborated by the fact that, in Experiment Ib, the 
scores of the non-word repetition task differentiated good and poor readers and 
negatively correlated with the IIR measure. This means that the tendency to stick 
to the same interpretation, as described by the IIR measure, correlated with poor 
verbal WM skills. 

Notice that, in Experiment Ib, the scores of the backward digit span test 
did not differentiate the groups (nor did they correlate with IIR measures). It 
should be considered, however, that performances on the backward digit span have 
been argued to represent a measure of central executive function (see Groeger et al. 
1999; Lezak 1995). The v-WMDH posits a deficit affecting the verbal component 
of WM but does not posit a deficit affecting the central executive component. 
Therefore, the v-WMDH correctly predicts that dyslexic children do not 
experience significant problems with backward digit span tasks.  

3.3.5 Summary 

In this section, I have shown how the v-WMDH accounts for the pattern of 
linguistic errors described in 1.3. In particular, I have shown that the problems 
related to the interpretation of object extracted relative clause sentences and tough-
sentences are due to the fact that the parsing of these constructions requires 
significant verbal WM resources. I have also shown that the problems related to 
the interpretation of pronouns in principle B configurations are due to the fact that 

                                                             
37 See the discussion in fn.24.  
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the rule excluding local coreference between a pronoun and a c-commanding 
antecedent involves a reference-set computation. Reference-set computations 
require maintaining in verbal WM two (or more) alternative grammatical 
representations and, therefore, involve significant verbal WM resources. I have 
finally shown that the behavior of dyslexic subjects in Experiment I can be 
explained as a strategy adopted in order to avoid the process of resolving a 
structural ambiguity and, in particular, the reference-set computation associated 
with such process.   

3.4 v-WMDH and preschool language 

The data reported in Chapter 1, section 1.3, concerning the non-phonological 
linguistic deficiencies of dyslexics, suggest the following generalization: 

(35) Dyslexia-Preschool Language Generalization: The language related 
difficulties experienced by dyslexic subjects are mostly found in those 
domains of language that are also problematic for preschool children. 
 

Let us consider the relevant facts: (i) Byrne (1981) reports that dyslexic subjects 
have difficulties in interpreting tough-sentences; Chomsky (1969) and Cromer 
(1970) report similar difficulties for preschool children; (ii) Stein et al. (1984) 
report that dyslexic subjects have difficulties with object extracted relative clauses; 
similar difficulties have been reported for preschool children (see Correa, 1995; 
Friedmann & Novogrodsky, 2004; de Villiers, 1979); (iii) Waltzman and Cairns 
(2000) report that dyslexics have difficulties with condition B of Binding Theory; 
similar facts have been reported for preschool children (see Chien and Wexler 
1990; Chomsky 1969). 

The generalization in (35) follows from the v-WMDH and from the 
observation that the WM system of preschool children is not fully developed. It is 
well-known that, in normal populations, all the main components of the WM 
system are in place by age 6 years (although storage and rehearsal capacities 
increase linearly until early adolescence; see Gathercole et al. 2004). It is also 
known that WM performance changes both quantitatively and qualitatively around 
age 7. Children under that age are unable to rehearse and mainly rely on visual 
WM memory to remember information (see Gathercole 1999; Gathercole and 
Hitch 1993). It is not surprising, then, that preschool children experience 
difficulties with tough-constructions, object extracted relative clauses, and 
condition B sentences. These constructions, as it has been shown in the preceding 
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sections, demand significant WM resources; more precisely, they require 
significant verbal WM resources. Preschool children, having poor WM resources, 
and, consequently, poor verbal WM resources, experience difficulties with these 
types of construction.  

In the framework of the v-WMDH, (35) follows from the fact that 
dyslexic children and preschool children share a common cognitive trait: Both 
populations have poor verbal WM resources.  

The deficiencies characterizing the two populations, however, should be 
regarded as different at least in two respects. First of all, the deficit affecting 
dyslexic subjects is due to a pathological condition, whereas the deficiency 
affecting preschool children is simply due to the fact that their cognitive skills are 
still developing. Secondly, the deficit affecting dyslexic subjects is restricted to the 
verbal component of WM whereas the deficiency affecting preschool children 
arguably extends to the whole WM system. 

3.5 Conclusions 

In this chapter, I proposed and discussed the v-WMDH according to which 
dyslexic subjects suffer from a deficit affecting the verbal component of WM. I 
have shown that the hypothesis accounts for: (i) poor phonological WM; (ii) poor 
phonological awareness; (iii) difficulties in lexical retrieval; (iv) poor 
comprehension of object extracted relative clauses; (v) poor comprehension of 
tough-constructions; (vi) violations of condition B of Binding Theory. I have also 
shown that the v-WMDH hypothesis accounts for the results of Experiment I and 
for the fact that dyslexic subjects experience difficulties in those domains of 
language that are also difficult for preschool children. 



 

Chapter 4 

The interpretation of grammatical aspect: 
Imperfetto and Passato Prossimo 

In this chapter, I present the results of an experiment testing the 
ability of dyslexic children to interpret Italian past Tenses 
Imperfetto (IMPF) and Passato Prossimo (PP). IMPF is a verb 
form encoding past tense and imperfective aspect; PP is a verb 
form encoding past tense and perfective aspect. Experimental 
studies have demonstrated that IMPF is acquired later than PP. 
In the previous chapters, I have shown that dyslexic subjects 
experience difficulties in those domains of language that are 
also difficult for preschool children. If this generalization is 
correct, it is expected that dyslexic subjects experience 
difficulties with IMPF.  
 There is a further reason for expecting dyslexic subjects to be troubled by 
IMPF: A delay in the acquisition of IMPF can be explained in terms of verbal 
WM. According to this line of analysis, the interpretation of IMPF sentences, as 
opposed to the interpretation of PP sentences, requires the computation of a scalar 
implicature and, therefore, demands significant verbal WM resources; preschool 
children often fail in interpreting IMPF correctly because they have limited WM 
resources. In chapter 3, I have proposed the v-WMDH, according to which also 
dyslexia is associated with limited verbal WM resources. If the hypothesis is 
correct, dyslexic subjects are expected to experience difficulties with IMPF but not 
with PP. 

The chapter is organized as follows. Section 4.1 is dedicated to the 
acquisition of IMPF and PP and its relation with scalar implicatures, reference-set 
computation, and verbal WM. In 4.2, I show that the v-WMDH predicts that 
dyslexic subjects experience difficulties with IMPF but not with PP. In 4.3, I 
present the results of an experiment (Experiment II) administered to a group of 
Italian dyslexic subjects and age-matched controls, testing the prediction 
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introduced in 4.2. In 4.4, I discuss the results of Experiment II. In 4.5, I show how 
the v-WMDH, together with the notion of scalar implicature, accounts for the 
results reported in Vender (2009a). 

4.1  The acquisition of imperfective aspect 

4.1.1 Data 

Hollebrandse and van Hout (2001) studied the acquisition of PP and IMPF by 
administering a picture selection task to a group of children aged between 3 and 6 
years and a group of adults. The experiment included two conditions: Condition A, 
testing the interpretation of IMPF and Condition B, testing the interpretation of PP. 
In both conditions, subjects were shown a sequence of three pictures. The first 
picture presents a story character who is just about to perform some action; the 
second picture depicts a closed curtain; the third slot is left empty. The 
experimenter describes the first picture and then asks a puppet, who is sitting on 
the other side of the table, to describe what happened behind the curtain. The 
puppet pronounces the target sentence, which is either an IMPF or a PP sentence. 
Then, the subject is asked to choose between two pictures which picture should be 
placed in the third slot. One picture depicts an ‘ongoing’ situation; the other picture 
depicts a ‘complete’ situation. The results of Hollebrandse and van Hout’s 
experiment are reported in TABLE 1. 

 
TABLE 1 

 
Correct answer rate  

 
Group 

 
 
N. of subjects 

Condition A  
(IMPF) 

Condition B  
(PP) 

3 to 4 y.o. 17 .62 .54 
4 to 5 y.o. 21 .69 .68 
5 to 6 y.o. 26 .69 .92 
Adults 10 1.00 1.00 

 
 
As expected, adults consistently match PP sentences with complete pictures and 
IMPF sentences with ongoing pictures. In contrast, children between 3 and 5 years 
are quite liberal in associating IMPF sentences with complete pictures and PP 
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sentences with ongoing pictures. These results show that children between 3 and 5 
years have no proper competence of either IMPF or PP. Between 5 and 6 years, 
however, children display a significant improvement with PP, but no improvement 
with IMPF. As shown in TABLE 1, 5-year-old children do not differ from 4-year-
old children in the comprehension of IMPF, but approximate adult-like 
performances in the comprehension of PP. The results of Hollebrandse and van 
Hout show that, by age 5, children have mastered PP but have not mastered IMPF 
yet (see also Hollebrandse et al. 2001). 
 A similar asymmetry has been reported also for Polish and Dutch. Van 
Hout (2008) reports that Polish and Dutch children have adult-like competence of 
past perfect starting from age 3 years, but achieve adult-like competence of past 
imperfective only after age 5. It seems then that the acquisition asymmetry holds 
across languages.38 

In the preceding chapter, section 3.4, I have proposed the ‘Dyslexia-
preschool language generalization’ according to which the language related 
difficulties experienced by dyslexic subjects are mostly found in those domains of 
language that are also problematic for preschool children. This generalization, 
together with the findings reported by Hollebrandse and van Hout (2001), suggests 
the following research question: Is IMPF more difficult than PP for dyslexic 
subjects as well?  

Before proceeding, I discuss in some more details the semantics and 
acquisition of IMPF and PP.  

4.1.2 The semantics of PP and IMPF 

In the preceding chapters, we have seen that common nouns such as boy or student 
denote sets of individuals. For example, boy denotes the set of individuals who 
have the property of being a boy. Parsons (1990), following the tradition initiated 
by Davidson (1967), proposes that bare (that is, untensed) sentences denote sets of 
events.39 For example, the bare sentence Marco eat the ice-cream denotes the set 

                                                             
38 Notice, however, that Dutch and Polish children master past perfective tenses much 
earlier than Italian children. This difference is of no direct concern for the present study, 
which is restricted to Italian. The reader is referred to van Hout (2008) for an in-depth 
discussion of the acquisition of past perfective tenses in Dutch, Italian, and Polish. 
39 The reader who is not familiar with event semantics may wonder what kind of objects 
events are. In a very broad sense, we can think of events as ‘things that happen – things such 
as births and deaths, thunder and lightening, explosions, weddings, hiccups and hand-waves, 
dances, smiles, walks’ (Casati and Varzi 2006). The precise ontological and metaphysical 
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of events which are events of Marco eating the ice-cream. Similarly, the bare 
sentence Marisa wash her dog denotes the set of events of Marisa washing her 
dog. 

Given this assumption, it is possible to devise two main theories of IMPF 
and PP. The first theory, substantially based on Parsons (1990), goes as follows: 

(1) Theory I: 
a. PP restricts the denotation of a bare sentence S to those events of 

the type described by S that occur in the past and are complete; 
b. IMPF restricts the denotation of a bare sentence S to those events 

of the type described by S that occur in the past and are ongoing. 

According to Theory I, both PP and IMPF contribute in restricting the denotation 
of the bare sentence to those events that took place in the past, that is, before the 
time of utterance. However, PP further restricts the set of events denoted by the 
bare sentence to those events that are complete, whereas IMPF further restricts the 
relevant set of events to those events that are ongoing. Accordingly, the PP 
sentence in (2) is true just in case there is an event e of Marco eating the ice-cream 
such that e takes place in the past and e is a complete event of Marco eating the 
ice-cream, that is, an event of Marco eating the ice-cream that reaches its 
culmination (eating the whole ice-cream).40 

                                                                                                                                             
status of events is the subject of a lively philosophical debate. There is little doubt, however, 
that ‘human perception, action, language, and thought manifest at least a prima facie 
commitment to entities of this sort: (i) Pre-linguistic infants appear to be able to discriminate 
and "count" events. The content of adult perception, especially in the auditory realm, 
endorses the discrimination and recognition as events of some aspects of the perceived 
scene. (ii) Humans (and arguably other animals) form the intention to plan and execute 
actions, and to bring about changes in the world. (iii) Dedicated linguistic devices (such as 
verb tenses and aspects, nominalization of some verbs, certain proper names) are tuned to 
events and event structures, as opposed to entities and structures of other sorts. (iv) Thinking 
about the temporal, causal, and intentional aspects of the world seems to require parsing 
those aspects in terms of events and their descriptions.’ (Casati and Varzi 2006). 
40 The truth conditions just proposed require a further qualification. According to the truth 
conditions just given, (2) is true as long as there is a complete event of Marco eating the ice-
cream that took place in the past. As observed by Partee (1973), these truth conditions make 
wrong predictions when applied to negative sentences. In fact, according to (1a), (i) is true if 
and only if there is no complete event of Maria washing her dog that took place in the past. 
That is, in order for the sentence to be true it must be the case that Maria never washed her 
dog. Obviously, this is not what the sentence is meant to convey. 
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(2) Marco ha mangiato il gelato 
Marco ate.PP the ice-cream 

The IMPF sentence in (3) is true just in case there is an event e of Marco eating the 
ice-cream such that e takes place in the past and e is an ongoing event of Marco 
eating the ice-cream, that is, an event of Marco eating the ice-cream that is still in 
progress and, therefore, has not yet reached its culmination. 

(3) Marco mangiava il gelato 
Marco ate.IMPF the ice-cream 

The second theory, essentially based on Delfitto (2002; 2004), goes as follows: 

(4) Theory II: 
a. PP restricts the denotation of a bare sentence S to those events of 

the type described by S that occur in the past and are complete; 
b. i. IMPF encodes the neutral information that the sentence is 

underspecified as referring to complete or ongoing events; 
ii. Reference to complete events with IMPF is excluded by 
Grice’s maxim of Quantity. 

                                                                                                                                             
(i) Maria non ha lavato il suo cane 
 ‘Mary did not wash her dog’  
 
The problem is easily solved if we assume that the truth-conditions of (i) are evaluated with 
respect to some circumscribed stretch of time in the past, rather than with respect to the 
whole past. Suppose, for example, that (i) is uttered in a conversation whose topic is what 
Maria has done yesterday. Then, (i) is understood as asserting that there is no event of Maria 
washing the dog that took place yesterday. More generally, sentences like (i) and (2) are 
normally evaluated with respect to some contextually defined stretch of time in the past, 
rather than with respect to the whole past.  
 Notice that the evaluation time can also be defined overtly, as in (ii). The only 
difference between (i) and (ii) is that in (i) the evaluation time is provided by the context, 
whereas in (ii) it is provided by the expression yesterday. 
 
(ii) Yesterday, Maria non ha lavato il suo cane 
 ‘Yesterday, Mary did not wash her dog’  
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Theory II maintains that PP restricts the denotation of the bare sentence to 
complete events but does not maintain that IMPF restricts the denotation of the 
bare sentence to ongoing events. Rather, it assumes that IMPF is used when the 
speaker does not want to commit herself to restricting the denotation of the bare 
predicate to complete or ongoing events. This proposal is supported by the 
observation that, in certain contexts, an IMPF sentence can be used to refer to a 
complete event.41 For example, when used in the context of (5), the sentence 
Marco mangiava il gelato (En. ‘Marco ate.IMPF the ice-cream’) is most likely 
understood as referring to a complete event of Marco eating the ice-cream.  

(5) Questa mattina alle 8,  Marco mangiava il gelato e usciva. 
This morning at 8  Marco ate.IMPF the ice-cream and left.IMPF 
(from Hollebrandse and van Hout 2001) 

Notice, however, that the results of Hollebrandse and van Hout (2001) show that 
adults consistently match IMPF sentences with ongoing pictures. Then, if IMPF 
sentences are not specified as referring to complete or ongoing events, as assumed 
in Theory II, why is it the case that adults consistently interpret IMPF sentences as 
referring to ongoing events and not to complete events? According to Theory II, 
reference to complete events with IMPF is excluded by a pragmatic strategy: the 
application of Grice’s Maxim of Quantity, according to which the addressee in a 
conversational exchange assumes that the speaker is being as informative as 
possible. In practice, the addressee of an IMPF sentence reasons as follows: By 
Grice’s Maxim of Quantity, if the speaker wanted to refer to a complete event she 
should have used PP; she did not; therefore, she did not intend to refer to a 
complete event. Using a slightly different terminology, we will say that reference 
to complete events with IMPF is excluded by a Scalar Implicature (henceforth SI).  
 Theory II, despite being slightly more complex than Theory I, offers the 
possibility to explain the contrast in the acquisition of IMPF and PP. To see why 
we need to consider in some more details the concept of SI.  

                                                             
41 Delfitto (2002:31-35) offers more independent evidence in favor of (4b). One of the 
arguments is that in Slavic basic verbal roots encode imperfective aspect, whereas the 
perfective version of an originally imperfective predicate is formed by adding a specific 
aspectual morpheme (see Borik 2002). 
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4.1.3 Scalar Implicatures 

Consider the following sentence: 

(6) Some students passed the exam 

In chapter 2, section 2.1.2, we have seen that determiners like every, no, and some 
denote relations between sets of individuals. For example, every denotes the subset 
relation. Accordingly, a sentence like every boy runs expresses the fact that, in the 
relevant domain, the set of boys is a subset of the set of runners. Similarly, some is 
taken to denote the non-empty intersection. Accordingly, sentence (6) expresses 
the fact that, in the relevant domain, the intersection between the students and the 
individuals who passed the exam is non-empty. In other words, (6) says that there 
is at least one individual who is a student and passed the exam.  

Suppose our domain includes three (and only three) students: John, Bill, 
and Ralph. Consider then the following possible states of affairs (where  stands 
for ‘passed the exam’ and  stands for ‘did not pass the exam’): 

 

(SA1)  John   Bill    Ralph  
 

(SA2)  John   Bill   Ralph  
 

(SA3)  John  Bill   Ralph  
 

(SA4)  John  Bill   Ralph  
 

 
Consider now the truth of (6) relatively to each of these states of affairs. In (SA1), 
the sentence is false, since the intersection between students and individuals who 
passed the exam is empty; in other words, in (SA1) there is no individual in the 
domain who is a student and passed the exam and, therefore, (6) is false in such a 
state of affairs. In (SA2), (SA3), and (SA4) the sentence is true. In all these cases 
the intersection between students and individuals who passed the exam contains at 
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least one individual. In (SA2) it contains John. In (SA3) it contains John and Bill. 
In (SA4) it contains all the students in the domain, that is, John, Bill, and Ralph. 

Notice, however, that (6) is a rather inappropriate sentence to utter in the 
state of affairs (SA4), that is, in the case in which all of the students in the domain 
passed the exam. It is certainly unfair for me to declare that some students passed 
the exam in a situation in which all students passed the exam. If that were the case, 
I should have uttered (7) instead of (6).  

(7) All students passed the exam 

As the philosopher John Stuart Mill observed, ‘If I say to any one, ‘I saw some of 
your children today’, he might be justified in inferring that I did not see them all, 
not because the words mean it, but because, if I had seen them all, it is most likely 
that I should have said so’ (Mill 1872:517). Mill captures a fundamental intuition. 
Sentence (6), as uttered in the context of (SA4), is not false. It is inappropriate. It is 
true that in (SA4) at least one student passed the exam. Yet, if all students passed 
the exam, I should have said so.  

In his groundbreaking work, Paul Grice (Grice 1975; 1989) introduced the 
distinction between two types of meaning: ‘sentence meaning’, the meaning 
grammar assigns to sentences, and ‘speaker meaning’, the meaning speakers intend 
to communicate by uttering a sentence. According to Grice, the sentence meaning 
of (6) is that at least one individual in the domain is a student and passed the exam, 
whereas the speaker meaning is that some but not all students passed the exam. 
Crucially, whereas the sentence meaning of (6) makes the sentence compatible 
with the context of (SA4), its speaker meaning make it infelicitous in the same 
context.  

The speaker meaning of a sentence is derived by means of an inference 
for which Grice coined the term ‘implicature’. Roughly, when faced with (6) the 
speaker meaning is derived by assuming that, if it was the case that all students 
passed the exam, the speaker should have said so; she did not, therefore, it must 
not be the case that all students passed the exam.  

More precisely, Grice proposes that, when engaged in a conversation, the 
addressee assumes that the speaker is obeying some conversational maxims. 
Among other maxims, the addressee assumes that the speaker is obeying the 
Maxim of Quantity (MQ): 

(MQ) Be as informative as possible 
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Here is a definition of informativeness: 

(8) Informativeness: A sentence S1 is more informative than a sentence S2 if 
S1 is true in a subset of the state of affairs in which S2 is true. 

Consider sentences (6) and (7) in the context of the four possible states of affairs 
devised above. As it has been shown, (6) is true in (SA2), (SA3), and (SA4). 
Sentence (7), on the other hand, is true only in (SA4), since the semantics of all 
requires that the set of students is a subset of the set of individuals that passed the 
exam. We conclude that (7) is more informative than (6). 

By assuming that the speaker is obeying (MQ), the addressee is assuming 
that the speaker is always using the more informative sentence available. For 
example, the addressee is assuming that, if the speaker wants to pass the 
information that all students passed the exam, she is compelled to uttering (7), and 
not (6), even though both sentences are true in a state of affairs in which all of the 
students passed the exam. As a consequence of (MQ), if the speaker utters (6), the 
addressee infers that it must not be the case that all of the students passed the exam 
because, if that were the case, the speaker would have used (7). 

To sum up, the addressee excludes the use of (6) to refer to (SA4) because 
there is an alternative sentence that can less ambiguously (that is, more 
informatively) refer to that same state of affairs.  

Grice’s theory of implicatures successfully captures Mill’s intuition that 
the use of (6) in the context of (SA4) is not blocked by grammatical rules, but by 
the fact that (7) should have been used instead. However, the theory as stated so far 
faces a tough problem.42 As we saw, the theory states that a sentence S1 cannot be 
used to refer to a given state of affairs SA if there is a more informative sentence 
S2 that can also be used to refer to SA. Accordingly, (6) cannot be used to refer to 
(SA4) because there is a more informative sentence, namely (7), that can also be 
used to refer to (SA4). In a similar vein, however, we could also conclude that (6) 
cannot be used to refer to (SA3) because there is a more informative sentence, 
namely (9), that can also be used to refer to (SA3). 

(9) Only two students passed the exam 

                                                             
42 According to Fox (2006) the problem to be presented, dubbed as ‘symmetry problem’ by 
Kai von Fintel and Irene Heim (class notes), was first noticed in Kroch (1972). 
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Similarly, (6) should not be used to refer to (SA2) because there is a more 
informative sentence, namely (10), that can also be used to refer to (SA2).  

(10) Only one student passed the exam 

The conclusion is that sentence (6) should never be uttered, because there is always 
an alternative more informative sentence that should be used instead. This 
conclusion is clearly problematic. 

The problem can be handled by restricting the set of alternative sentences 
that must be considered when deriving an implicature. In order to achieve this 
result, Horn (1972; 1989) introduces the notion of informativeness scale. An 
informativeness scale is a piece of lexical knowledge that consists of a set of words 
ranked by order of informativeness, from the weakest (less informative) to the 
strongest (most informative). For example, according to Horn’s proposal the words 
some and all are listed in the lexicon as members of the following scale, where 
informativeness increases from left to right43: 

 
some < all 
 

Accordingly, words like some and all, as well as all the other terms that are 
members of an informational scale, are often referred to as ‘scalar terms’.  
 When deriving an implicature based on (MQ), the addressee must 
consider as alternative sentences only the sentences that are constructed by 
replacing the weak scalar term with the stronger scalar terms in the scale. For 
example, when deriving the implicature associated with (6), the addressee should 
consider as a stronger alternative only the sentence constructed by replacing some 
with the stronger term in the scale, that is, all. Crucially, she should not consider as 
stronger alternatives the sentences in (9) and (10), because only one and only two 
are not members of some’s informational scale.  

An implicature based on the use of an informational scale is often referred 
to as ‘scalar implicature’ (SI, for short). The use of informational scales can be 
generalized to other terms. For example, the terms or and and have been argued to 
be members of the following scale: 

 
or <and. 
 

                                                             
43 Arguably, the informativeness scale including some and all is richer than that presented in 
the body text, including also other quantifiers such as many and most. Then, the scale should 
be: some < many < most < all. For simplicity, I consider only some and all.  
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In a normal conversational setting, sentence (11) is understood as implicating that 
Mary cooked pizza or pasta but not both. The implicature is derived by negating 
the alternative sentence constructed by replacing the weak scalar term or with the 
stronger term in its informational scale, that is, and. Therefore, (11) is normally 
understood as implicating that it is not the case that (12).  

(11) Mary cooked pizza or pasta 

(12) Mary cooked pizza and pasta 

Similarly, the sentence I sometimes go to school by bike implicates that it is not the 
case that I always go to school by bike, given the lexical scale 

 
sometimes < always 
 

and the sentence Ernest started cleaning the house implicates that Ernest did not 
finish cleaning the house, given the lexical scale 

 
start < finish. 
 

To sum up, an SI is an inferential procedure that allows the participants in a 
conversation to restrict the interpretation of informationally weak terms such as 
some or or. It is based on two main ingredients: a general principle guiding 
conversational exchanges, that is, Grice’s Maxim of Quantity (MQ), and a set of 
lexically determined entailment relations between words, that is, informational 
scales.  

4.1.4 Scalar Implicatures and reference-set computation 

The procedure of deriving an SI can be implemented in two basic steps, as 
performed by the addressee of a sentence containing a weak scalar term: (i) 
construct an alternative sentence by replacing the weak scalar term with its 
stronger alternative, as provided by the informativeness scale; (ii) assume that it is 
not the case that the alternative sentence holds (that is, negate the alternative 
sentence).44 Let us see how the procedure works in the case of (6), repeated below, 
                                                             
44 The procedure just proposed is a simplified version of Chierchia’s (2004) algorithm for 
deriving SIs, whose implementation is largely based on Rooth’s theory of focus (see Rooth 
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as (13): (i) the addressee constructs an alternative sentence by substituting some 
(the weaker term in the scale) with all (the stronger term in the scale), obtaining 
(14); (ii) the addressee assumes that (14) is false. In the end, (13) is interpreted as 
(15).  

(13) Some students passed the exam 

(14) All students passed the exam 

(15) Some students passed the exam but not all students passed the  exam 

A central feature of SIs is that they require comparing two alternative sentences. 
For example, computing the SI associated with some in (13) requires considering 
the alternative sentence (14), constructed by replacing some with all. This means 
that the user has to construct a reference-set including two grammatical 
representations: a representation including the weak scalar term some and a 
representation including the strong scalar term all. 
 In the previous chapters, I have already presented some cases in which the 
process of assigning a meaning to a sentence requires comparing two alternative 
grammatical representations. Cases in point were the comprehension of structurally 
ambiguous sentences and the exclusion of local coreference (the computation of 
Rule I). Following Reinhart (1999; 2006), I introduced the label ‘reference-set 
computation’ in order to refer to those computations that require the comparison of 
two or more alternative representations. Reference-set computations demand 
significant WM resources because they require the construction of a reference-set 
including two alternative grammatical representations. 
                                                                                                                                             
1985; 1992). I would like to point out that there is a lively ongoing debate concerning the 
level of linguistic representation at which implicatures are computed. The main empirical 
goal of the participants in this debate is to account for the interpretation of scalar terms that 
occur within the scope of other scalar terms. On one side, the supporters of the Gricean 
tradition aim at maintaining that implicatures are computed after the meaning of sentences 
has been compositionally derived by a recursive semantic machinery (see a.o. Sauerland 
2004). On the other side, the supporters of the so-called ‘grammatical view’ propose that SIs 
are derived compositionally along with other aspects of sentence meaning (see a.o. 
Chierchia 2004 and Chierchia et al. 2008). Using a different terminology, it could be said 
that the supporters of the Gricean view take implicatures to be a pragmatic issue, whereas 
the supporters of the grammatical view take implicatures to be a semantic issue. I would like 
to stress that this debate has little to do with the conclusions I am going to draw in this 
section. In fact, my main point will be that SIs require the comparison of a set of alternative 
representations (and therefore, in the terms of Reinhart, a reference-set computation), a 
conclusion that holds independently of the level at which implicatures are computed. 
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If this is correct, subjects with poor verbal WM resources should 
experience difficulties when computing SIs, because SIs require a reference-set 
computation. As discussed in section 3.4, preschool children have limited verbal 
WM resources because their WM system is still under development. Therefore, 
preschool children are expected to experience difficulties with SIs. Moreover, in 
chapter 3, I have proposed the v-WMDH, according to which dyslexia is caused by 
a deficit affecting the verbal component of the WM system. Accordingly, also 
dyslexic subjects are expected to experience difficulties with SIs.  

Both predictions are borne out. As is well-known, SIs are linked to a 
significant processing effort. Bott and Noveck (2004) tested adults’ interpretation 
of sentences such as (16). 

(16) Some cats are mammals 

Sentence (16) is an underinformative sentence. From a strictly semantic point of 
view, the sentence is consistent with the actual facts: It is certainly the case that 
there are some individuals that are both cats and mammals. However, from a 
discourse perspective, (16) is inappropriate. The sentence, featuring the weak 
scalar term some, triggers the SI that not all cats are mammals. Therefore, (16) 
should be judged as false because, as our knowledge of the world tells us, it is 
certainly the case that all cats are mammals. Bott and Noveck (2004) found that 
false responses to underinformative sentences are slower than true responses to 
equally underinformative sentences and are also slower than true and false 
responses to control sentences such as all cats are mammals or all mammals are 
cats. Bott and Noveck also found that underinformative sentences are judged as 
false less often when the allowed response time is reduced. Participants provide 
significantly fewer false judgments when they are given 900 milliseconds to 
respond than when they are given 3 seconds. 

There is also experimental evidence that SIs are difficult for preschool 
children. Smith (1980) reports that preschool children accept sentences like (17) 
more often than adults do. 

(17) Some elephants have trunks 

Similarly, Noveck (2001) reports that older children, aged between 7 and 10 years, 
tend to accept sentences like (18) more often than adults do. 

(18) Some giraffes have long necks 
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These results show that children experience more difficulties than adults in 
computing SIs.  

The objection could be raised that the interpretation of sentences such as 
(17) and (18) crucially relies on the subject’s knowledge of the world, a type of 
knowledge that younger children might lack. It could be the case, for instance, that 
the children tested by Smith (1980) and Noveck (2001) did not have much 
competence of elephants and giraffes. However, there are studies that have tested 
the interpretation of scalar terms in context that do not require access to world 
knowledge. Papafragou and Musolino (2003) presented to preschool children 
sentences such as (19)45. The sentences were presented in the context of a story. In 
the case of (19), for example, the sentence was presented in the context of a short 
story in which all the horses jumped over the fence.  

(19) Some of the horses jumped over the fence 

The authors found that, in the context of the short story, preschool children judged 
(19) as true around half of the times, whereas adults consistently rejected it. 
Similarly, Chierchia et al. (2001), presented sentences such as (20) in the context 
of a story in which every boy chose both a skateboard and a bike. The authors 
report that preschool children judged (20) as true around half of the times, whereas 
adults consistently rejected it. 

(20) Every boy chose a skateboard or a bike 

These findings provide further evidence that preschool children experience 
difficulties with SIs.  

The comprehension of SIs has also been tested in dyslexic subjects. 
Vender (2009b) presents the results of two experiments administered to a group of 
Italian 9-year-old dyslexic children (see also Vender 2009c). In the first 
experiment, a version of Noveck’s (2001) experiment, subjects were asked to judge 
underinformative sentences similar to (17) and (18). Dyslexic children accepted 
underinformative sentences around 60% of the times, whereas age-matched 
controls accepted the same sentences around 20% of the times. In the second 
experiment, a version of Chierchia’s et al. (2001) experiment, subjects were asked 
                                                             
45 Papafragou and Musolino’s (2003) experiment was administered to Greek children and 
therefore all the materials were in Modern Greek. I am presenting the examples in English 
for the reader’s convenience. The reader interested in the original materials is referred to 
Papafragou and Musolino’s original article.  
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to judge sentences such as (20) in the context of a story in which every boy chose 
both a skateboard and a bike. Dyslexic children judged the sentence as true around 
50% of the times, whereas age-matched controls judged the same sentence as true 
around 10% of the times. In the end, Vender’s findings show that dyslexic children 
experience difficulties similar to those observed in younger unimpaired children. 

4.1.5 Acquisition of IMPF: SIs and WM 

It is now time to return to the contrast between IMPF and PP. As we saw in 4.1.1, 
IMPF is acquired later than PP. By age 5 years, Italian children have mastered the 
meaning of PP but have not yet mastered the meaning of IMPF. In particular, in the 
experiment reported by Hollebrandse and van Hout (2001), the children in the 5-
year-old group consistently matched PP sentences with complete events but still 
allowed IMPF sentences to refer to complete events.  
 In section 4.1.2, we considered two alternative theories of the meaning of 
IMPF and PP. According to Theory I, PP restricts the denotation of the bare 
sentence to complete past events, whereas IMPF restricts the denotation of the bare 
sentence to ongoing past events. According to Theory II, PP restricts the 
denotation of the bare sentence to complete past events, whereas IMPF encodes the 
neutral information that the sentence is underspecified as referring to complete or 
ongoing events; however, reference to complete events with IMPF is excluded by 
an SI.  

The crucial difference between the two theories is that according to 
Theory I it is the lexical meaning of IMPF that demands reference to ongoing 
events, whereas according to Theory II it is only as a result of a pragmatic 
reasoning that IMPF is taken to refer to ongoing events and not to complete events.  

As anticipated, Theory II is to be preferred over Theory I because it 
allows formulating an account of the asymmetry in the acquisition of IMPF and 
PP. To see why, let us consider in some more details the mechanism that according 
to Theory II excludes reference to complete events with IMPF. Consider sentence 
(21). 

(21) Marco mangiava il gelato 
Marco ate.IMPF the ice-cream 

Assuming Theory II as correct, the sentence should be true as long as there is an 
event of Marco eating the ice-cream that took place in the past. The semantic 
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contribution provided by the use of IMPF consists in locating the relevant event in 
the past and in expressing the neutral information that the sentence is 
underspecified as referring to complete or ongoing events. Therefore, according to 
its sentence meaning, (21) could in principle be used to refer to both complete and 
ongoing past events of Marco eating the ice-cream. 

Notice that a straightforward consequence of Theory II is that PP is more 
informative than IMPF. Compare (21) with its PP counterpart (22). According to 
the sentence meaning predicted by Theory II, (21) can be true both in a state of 
affairs in which there is an ongoing past event of Marco eating the ice-cream and 
in a state of affairs in which there is a complete past event of Marco eating the ice-
cream. On the other hand, (22) can be true only in a state of affairs in which there 
is a complete past event of Marco eating the ice-cream. Then, (22) is true in a 
subset of the state of affairs in which (21) is.  

(22) Marco ha mangiato il gelato 
Marco ate.PP the ice-cream 

It follows that the morphological markers for IMPF and PP can be ranked in the 
following informational scale: 

 
IMPF < PP. 
 

On the basis of this informational scale, the addressee of an IMPF sentence 
computes an SI by (i) constructing an alternative sentence replacing IMPF 
morphology with PP morphology and (ii) negating the alternative sentence. 
Exemplified on (21), the SI is computed by (i) constructing the alternative sentence 
(22) by replacing IMPF morphology with PP morphology and (ii) by negating (22). 
After the implicature has been computed, (21) is understood as: ‘at the relevant 
interval of time in the past there is an event of Marco eating the ice-cream and, at 
the same relevant interval of time in the past, there is no completed event of Marco 
eating the ice-cream’. In the end, the SI excludes the use of IMPF to refer to 
complete events. 

As we saw in 4.1.3, SIs demand significant verbal WM resources, because 
they require the construction of a reference-set. Therefore, preschool children, 
having poor WM resources, often fail in processing SI. Then, if Theory II is 
assumed as correct, the delay in the acquisition of IMPF can be explained as 
follows: Preschool children often allow IMPF to refer to complete events because, 
having limited WM resources, they often fail in computing the SI triggered by 
IMPF morphology. In other words, the delay in the acquisition of IMPF can be 
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explained as a consequence of the fact that a proper understanding of IMPF 
sentences requires the computation of an SI, which is a task that demands 
considerable WM resources.46  

4.2 Prediction 

The data reported by Hollebrandse and van Hout (2001) show that IMPF is 
acquired later than PP. The delay in the acquisition of IMPF is due to the fact that a 
proper understanding of the meaning of IMPF requires the ability to compute an 
SI. Preschool children, having poor WM resources, fail to compute SIs and, 
therefore, fail to exclude reference to compete events with IMPF.  

In the previous chapter, I have proposed the v-WMDH hypothesis, 
according to which dyslexia is caused by a deficit affecting the verbal component 
of WM. If the hypothesis is correct, dyslexic subjects are predicted to have 
difficulties with IMPF, but spared competence of PP. That is, the behavior of 
dyslexic subjects should resemble the behavior of the 5 to 6-year-old children 
tested by Hollebrandse and van Hout (2001). In the following section, I present the 
results of an experiment performed in order to test this prediction.  

                                                             
46 Van Hout (2007) develops a theory of Dutch imperfective aspect based on SIs. Van 
Hout’s account, despite being modeled within the framework of Bidirectional Optimality 
Theory, maintains the essential insight that reference to complete events with imperfective is 
excluded by an SIs. Capitalizing on this idea, van Hout (2007) accounts for the asymmetry 
in the acquisition of Dutch imperfective and perfective tenses. In this respect, the proposal I 
have put forward in this section is identical to van Hout’s. My proposal differs from van 
Hout’s in that I relate the computation of SIs to reference-set computations and verbal WM, 
something that van Hout does not do. 
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4.3 Experiment II47 

In this section, I present the design and results of an experiment performed in order 
to test the following predictions: 

(23) a. Dyslexic children, as compared to age-matched control children, have 
significant difficulties in the comprehension of IMPF sentences; 
b. Dyslexic children are as good as age-matched control children in the 
comprehension of PP sentences. 

4.3.1 Design and procedures 

The experiment is a version of Hollebrandse and van Hout’s (2001) experiment. It 
consists of a picture selection task including two conditions. The first condition, 
Condition A, tests the interpretation of IMPF; the second condition, Condition B, 
tests the interpretation of PP. In both conditions, subjects are shown a sequence of 
three pictures. The first picture presents a story character who is just about to 
perform some action; the second picture depicts a closed curtain; the third slot in 
the sequence is left empty. The experimenter describes the first picture and then 
asks the puppet, who is sitting on the other side of the table, what happened behind 
the curtain. The puppet pronounces the target sentence, which is either an IMPF or 
a PP sentence. The subject has then to choose between two pictures, one depicting 
an ongoing situation and one depicting a complete situation, which picture should 
be placed in the third slot.  
 An example of a Condition A item is given in (24).48 In this example, the 
first picture depicts Marco with an ice-cream (see FIGURE 1). The puppet 
pronounces an IMPF sentence. Then, the subject has to choose between a picture 
depicting Marco eating the ice-cream – ongoing situation – and a picture depicting 
Marco when he has finished eating the ice-cream – complete situation (see FIGURE 
2). 
 

                                                             
47 The results reported in this section are included in Fiorin (2009). 
48 The reader interested in the materials used in the experiment is referred to the Appendix. 
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(24) Experimenter: (To the subject) Guarda, c’era una volta Marco che stava 
mangiando un gelato dietro una tenda. Poi la tenda si è chiusa e non 
abbiamo potuto vedere più niente. (To the puppet) Cosa hai visto dietro la 
tenda? 
‘(To the subject) Look, once upon a time Marco was eating an  ice-cream 
behind the curtain. Then the curtain closed and we couldn’t see anything 
anymore. (To the puppet) What did you see behind the curtain?’ 

  
 Puppet: Marco mangiava il gelato. 
 ‘Marco ate.IMPF the ice-cream.’ 

 
FIGURE 1 

 
 

FIGURE 2 

 
 

An example of Condition B item, is given in (25). Here the first picture depicts 
Marisa with her dog and a watering can (see FIGURE 3). The puppet pronounces a 
PP sentence and the subject is asked to choose between a picture of Marisa 
washing her dog – ongoing situation – and a picture of Marisa after having washed 
her dog – complete situation (see FIGURE 4). 
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(25) Experimenter: (To the subject) Guarda, c’era una volta la mia amica 
Marisa che stava lavando il suo cane dietro una tenda. Poi la tenda si è 
chiusa e non abbiamo potuto vedere più niente. (To the puppet) Che cosa 
hai visto dietro la tenda? 
‘(To the subject) Look, once upon a time my friend Marisa was washing 
her dog behind the curtain. Then the curtain closed and we couldn’t see 
anything anymore. (To the puppet) What did you see behind the curtain?’ 

  
 Puppet: Marisa  ha lavato il suo cane. 
 ‘Marisa washed.PP her dog’ 
 

FIGURE 3 

 
 

FIGURE 4 

 
 

The relevant difference between the two conditions is that in Condition A the 
puppet pronounces an IMPF sentence whereas in Condition B the puppet 
pronounces a PP sentence.  

The experiment includes 3 Condition A items and 3 Condition B items, 
for a total of 6 experimental items. All the predicates in the target sentences are 
telic predicates with a quantized object (eat the ice-cream; write a letter; put the 
balls in the basket; eat the cake; wash the dog; build a tower). The experiment 
includes 6 filler items and 2 warm-up items. Warm-up items are presented at the 



The interpretation of grammatical aspect 137 

beginning. Filler and experimental items are presented in mixed order. Two 
different versions of the experiment were developed, differing in the order of 
presentation of filler and experimental items. 

The experimental protocol also includes a forward digit span test 
(henceforth DS-F; the tester says a sequence of single digits and the subject repeat 
them in the same order) as a measure of verbal WM.  

4.3.2 Subjects 

Two groups of subjects were tested in the experiment: A group of dyslexic children 
(DYS, for short) and a group of age-matched control children (AMC). The DYS 
group included 20 children (11 female), all native speakers of Italian. The group 
mean age was 9;8 (SD: 0;8) at the moment of testing.  All subjects were diagnosed 
as dyslexic by the ‘Dipartimento di Neuropsichiatria Infantile’ at the ULSS20 
(Local Public Health and Social Authority) in Verona, Italy. Diagnostic criteria 
include: absence of neurological disorders and genetic pathologies; absence of 
neuro-sensorial disorders; absence of psycho-pathological disorders; IQ above 80 
(WISC-R); ability in reading and writing fluently below 2 standard deviations 
relatively to the subject’s age (Tressoldi battery; see Sartori et al. 1995). These 
diagnostic criteria conform to the exclusionary definition of Vellutino (1979), since 
they exclude from the sample subjects whose reading difficulty may be due to 
neurological, neuro-sensorial, or psycho-pathological disorders or to low 
intelligence. The AMC group included 20 primary school children (10 female) 
with no history of reading problems. The group mean age was 9;3 (SD: 0;7). The 
main features of the two groups are reported in TABLE 1. 

 
TABLE 1 

 
Group Number Mean Age (SD) 
AMC 20 9;3 (0;7) 
DYS 20 9;8 (0;8) 

4.3.3 Results 

All subjects were able to complete the experiment. Only one DYS subject 
answered one filler item incorrectly. As for condition A, which is the condition 
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testing IMPF, the selection of an ongoing picture was counted as a correct answer, 
whereas the selection of a complete picture was counted as an incorrect answer. As 
for condition B, which is the condition testing PP, the selection of a complete 
picture was counted as a correct answer, whereas the selection of an ongoing 
picture was counted as an incorrect answer. AMC subjects answered correctly to 
condition A items in 97% of the cases and answered correctly to condition B items 
in 92% of the cases. DYS subjects answered correctly to condition A items in 70% 
of the cases and answered correctly to condition B items in 88% of the cases. 
TABLE 2 and GRAPH 1 report the mean proportion of correct answers for conditions 
A and B relatively to each group.  

 
TABLE 2 

 
 Correct answer rate 
 
Group 

Condition A 
(IMPF) 

Condition B 
(PP) 

AMC .967 (.103) .917 (.183) 
DYS .700 (.300) .883 (.248) 

 
 
The difference between the two groups was tested by running a repeated measure 
ANOVA, with group (AMC; DYS) as a between-subjects variable and condition 
(A; B) as a within-subjects variable. The analysis shows a significant overall group 
effect, F(1,38) = 10.877, p = .002. Also, the analysis shows a non-significant 
overall condition effect, F(1,38) = 1.542, p = .222, but a significant group-
condition interaction, F(1,38) = 4.781, p = .036, arguably due to the fact that DYS 
subjects scored better in condition B than in condition A, whereas AMC subjects 
had comparable scores in the two conditions. 

As is clear from TABLE 2, the DYS group performance is characterized by 
larger standard deviations, particularly in Condition A, which indicate considerable 
variation within the sample. In TABLE 3 I report the number of subjects who 
answered correctly to 3, 2, 1, and 0 items out of 3, relatively to each condition and 
group. A substantial difference is found in condition A. Among the 20 AMC 
subjects 18 answered correctly to 3 items out of 3 and 2 subjects answered 
correctly to 2 items out of 3. In contrast, among the 20 DYS subjects 9 answered 
correctly to 3 items out of 3, 4 answered correctly to 2 items out of 3, and 7 
subjects answered correctly to 1 item out of 3. In conclusion, less than half of the 
DYS subjects, 9 out of 20, answered correctly to all condition A items.  
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GRAPH 1 
 

 
 

 
TABLE 3 

 
 N. of subjects (out of 20) 

Condition A Condition B N. correct answers  
(out of 3) AMC DYS AMC DYS 
3 18 (90%) 9 (45%) 16 (80%) 15 (75%) 
2 2 (10%) 4 (20%) 3 (15%) 4 (20%) 
1 0 7 (35%) 1 (5%) 0 
0 0 0 0 1 (5%) 

 
 
The results of the forward digit span test are reported in TABLE 4. Despite the 
numerical difference, an independent-samples t-test (equal variances assumed) 
shows no statistically significant difference between the groups, t(38) = 1.596; p = 
.119. 
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TABLE 4 
 

Group DS-F 

AMC 6.20 (1.64) 
DYS 5.35 (1.72) 

 
 
Nevertheless, a Pearson test shows a significant positive correlation between 
condition A scores and DS-F scores, r = .409, p = .009. This means that the 
subjects with poor verbal short-term memory were more likely to match IMPF 
sentences with a complete picture. On the other hand, DS-F score do not correlate 
with age, r = .203, p = .208.  

Interesting correlation patterns can be found by looking at the two groups 
separately. Among AMC subjects, DS-F scores and age are significantly 
correlated, r = .602, p = .005, but DS-F score and condition A scores are not, r = 
.042, p = .862. Among DYS subjects, DS-F scores and age are not correlated, r = 
.068, p = .776, but DS-F score and condition A scores are, r = .478, p = .033. In 
TABLE 5, AMC and DYS subjects are divided in two subgroups on the basis of 
their age. As reported in the table, younger AMC children (Group 1) have an 
average DS-F score of 5.30 digits, whereas older AMC children (Group 2) have an 
average DS-F score of 7.10 digits. On the other hand, there is no substantial 
difference in DS-F scores between younger and older DYS children. Younger DYS 
children have an average DS-F score of 5.50 digits; older DYS children have an 
average DS-F score of 5.25 digits.  
 

TABLE 5 
 

Group N. of subj. Mean age DS-F 
Group 1 10 8;9  

(8;3 to 9;3) 
5.30 AMC 

Group 2 10 9;9  
(9;5 to 10;1) 

7.10 

Group 1 8 8;11 
(8;5 to 9;3) 

5.50 DYS 

Group 2 12 10;1 
(9;9 to 10;6) 

5.25 
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In TABLE 6, DYS subjects are divided in three subgroups on the basis of their 
condition A scores; Group 1 comprises the 9 DYS subjects that made no error; 
Group 2 comprises the 4 DYS subjects that made 1 error; Group 3 comprises the 7 
DYS subjects that made 2 errors. As reported in the table, Group 1 children have 
an average DS-F score of 6.33 digits, whereas Group 2 and Group 3 children have 
an average DS-F score of around 4.50 digits. 

 
TABLE 6 

 
 

Group 
 
N. of subj. 

N. of cond. A errors 
(out of 3) 

 
DS-F 

Group 1 9 0 6.33 
Group 2 4 1 4.50 

DYS 

Group 3 7 2 4.57 

4.4 Discussion 

The experiment presented in the preceding section was designed to test the 
predictions in (23), repeated here as (26). 

(26) a. Dyslexic children, as compared to age-matched control children, have 
significant difficulties in the comprehension of IMPF sentences; 
b. Dyslexic children are as good as age-matched-control children in the 
comprehension of PP sentences. 

Both predictions are confirmed by the results. Dyslexic subjects are significantly 
worse than controls in the comprehension of IMPF sentences. On the other hand, 
dyslexic subjects do not differ from controls in the comprehension of PP 
sentences.49 
                                                             
49 It could be asked why dyslexic children did not stick to one interpretation of IMPF, as it 
was the case in Experiment I. That is, it could be asked why dyslexic children did not apply 
the same strategy adopted during the resolution of ambiguous sentences. Notice however 
that the two experiments differ in one crucial respect. In Experiment I, subjects were asked 
to judge an ambiguous sentence in a given scenario. This operation requires keeping in 
memory the two interpretations associable with the sentence. In Experiment II, subjects 
were asked to decide between two scenarios on the basis of a given sentence. This operation 
does not require comparing two interpretations; rather, it requires comparing two scenarios. 
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Yet, some findings require closer inspection. First of all, only half of the 
dyslexic children in the sample had substantial trouble with condition A. Nine of 
them answered correctly to all condition A items, displaying spared competence of 
IMPF. 

In chapter 3, section 3.2.5, I explored two alternative implementations of 
the v-WMDH. The first version of the hypothesis is reported in (27). The second 
version is reported in (28). 

(27) v-WMDH: Dyslexic subjects suffer from a deficit affecting the dynamic 
dimension of the Verbal Loop. 

(28) v-WMDH:  
(i) Dyslexic subjects suffer from a deficit affecting the dynamic 
dimension the Phonological Loop; 
(ii) Given the neurological proximity of the Phonological and 
Grammatical Loops, a deficit affecting the Phonological Loop  is likely to 
affect also the Grammatical Loop. 

 
The main difference between the two hypotheses is that (27) posits the existence of 
a unique WM component, the Verbal Loop, whose role is to temporarily store both 
phonological and grammatical representations, whereas (28) posits two distinct 
WM components, the Phonological Loop and the Grammatical Loop, responsible 
for the temporary storage of, respectively, phonological and grammatical 
representations. As discussed in 3.2.5, the hypothesis in (27) predicts that all 
dyslexic subjects are characterized by a non-phonological linguistic deficit, 
whereas the hypothesis in (28) predicts that not all dyslexic subjects are necessarily 
affected by a non-phonological linguistic deficit. That is, (28) leaves open the 
possibility that some dyslexics are affected by a deficit targeting the Phonological 
Loop and leaving spared the Grammatical Loop. However, according to (28) a 
deficit affecting the Grammatical Loop is likely to occur more often than predicted 
by chance among individuals with a deficient Phonological Loop because the two 
systems are supported by closely related neural substrates. 

The results of the present experiment suggest that (28) should be preferred 
over (27), given that only a subset of the dyslexic subjects experienced difficulties 
with the comprehension of IMPF sentences. In other words, it can be proposed 
                                                                                                                                             
Importantly, in Experiment II, WM is not implicated in deciding between two 
interpretations, but in ‘strengthening’ the meaning of the IMPF target sentence by 
computing an SI (that is, in making the sentence more informative). Those subjects that 
were unable to strengthen the meaning of IMPF sentences found themselves in the situation 
of choosing between two scenarios both compatible with one, uninformative, interpretation.  
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that, while all the dyslexic children in the sample were affected by a Phonological 
Loop deficit, which is assumed to be the cause of the reading disability, only a 
subset of them were also affected by a Grammatical Loop deficit. Those children 
with only a Phonological Loop deficit showed spared competence of IMPF; those 
children with also a Grammatical Loop deficit showed difficulties with IMPF. 

Also the results of the DS-F test require some closer scrutiny. As 
reported, DS-F scores do not differentiate the two groups. There is a numerical 
difference between the average DS-F score of the dyslexic group and the average 
DS-F score of the control group; control children scored an average of 0.85 digits 
more than the dyslexic children; however, this difference is not statistically 
significant. At first sight, this result contradicts the v-WMDH. In fact, the v-
WMDH posits that dyslexic subjects have poorer verbal WM resources than 
unimpaired subjects, whereas the results of the DS-F test show no significant 
difference between dyslexics and controls. There are, however, some further 
considerations that should be taken into account. 

According to Gathercole and Baddeley (1993), DS-F should not be 
regarded as an entirely reliable measure of verbal WM memory. The reason is that 
DS-F tests are based on the serial recall of items that are already familiar to the 
subjects, that is, items for which the subject is likely to have a long-term memory 
representation. Hulme et al. (1991) have shown that serial recall performances are 
significantly superior with familiar than with unfamiliar items. This result indicates 
that long-term memory has an impact on tests based on the serial recall of familiar 
items. Moreover, DS-F scores have been argued to depend both on storage and 
rehearsal capacities (see Gathercole and Baddeley 1993:48-49). That is to say, the 
final DS-F score is the result of the joined contribution of both the quantity of 
information that can be retained in the storage component of verbal WM and the 
ability to rehearse information within the storage.  

The conclusion suggested by these observations is that DS-F may not be a 
fully reliable test for the v-WMDH. First of all, the difference between dyslexics 
and controls in the DS-F test may have been moderated by the possibility of 
relying on long-term memory resources. Secondly, DS-F is both a measure of 
storage and rehearsal capacity, whereas the v-WMDH posits an impairment 
affecting only the dynamic dimension of the verbal WM system, but not its storage 
dimension (see the discussion in 3.2.3).  

There are also some other results that must be taken into account. The 
first result concerns the correlation between DS-F and age. As reported in 4.3.3, 
DS-F measures and age are significantly correlated in the AMC group. As shown 
in TABLE 5, the younger AMC children scored at an average of 5.30 digits, 
whereas the older AMC children scored at an average of 7.10 digits. It seems, then, 
that the verbal WM capacity of AMC children is undergoing some sort of 
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development. This conclusion is in line with those studies reporting that, among 
normally developing individuals, verbal WM capacity improves linearly until early 
adolescence (see a.o. Gathercole et al. 2004). On the other hand, the DS-F scores 
of the DYS children do not show a similar development. In the DYS group, DS-F 
measures and age do not correlate. As show in TABLE 5, younger and older DYS 
children score alike, just above 5 digits. This result suggests that DYS children are 
not undergoing a process of verbal WM development similar to that experienced 
by AMC children.  

Notice that, according to Gathercole and Baddeley (1993:26-32), the 
expansion in memory span experienced during childhood is mainly due to an 
increase in rehearsal capacity. As said in section 3.4, among normally developing 
children all the main components of the WM system are fully operational by age 6 
years (see Gathercole et al. 2004). The increase in verbal WM capacity 
experienced by children as they grow older is explicable in terms of increased 
rehearsal abilities; older children learn to rely on faster and more sophisticated 
rehearsal strategies in order to improve their memory span capacity.  

If this is correct, the results of the DS-F test point towards an important 
conclusion. On the one hand, the results of the DS-F show that dyslexic children 
do not experience the memory span development experienced by control children. 
On the other hand, the literature on verbal WM suggests that the memory span 
development seen in unimpaired children is mainly supported by rehearsal 
resources. These observations suggest that the lack of a memory span development 
in dyslexic children should be mainly ascribed to some problem affecting their 
rehearsal capacity. This is precisely what the v-WMDH contends. The v-WMDH 
posits that dyslexics suffer from a deficit affecting the verbal WM system in its 
dynamic dimension, which crucially includes the ability to rehearse.  

In the end, the results of the DS-F test show that the difference between 
dyslexics and controls is qualitative rather than quantitive. Unimpaired children are 
characterized by a fully functional verbal WM system that they learn to use better 
as they grow older. Dyslexic children are characterized by a dysfunctional verbal 
WM rehearsal system and, therefore, cannot rely on rehearsal resources in order to 
improve their memory span capacity.  

This also means that there is a qualitative difference between the dyslexic 
children and the younger AMC children, despite the fact that their DS-F scores are 
similar. The younger AMC children have an unimpaired rehearsal system they can 
rely on in order to eventually improve their storage capacity. Dyslexic subjects 
have an impaired rehearsal system, which does not directly affect their storage 
capacity but undermines the possibility to improve it. 

The conclusions just drawn can help casting some light on another 
finding. As reported in 4.3.3, condition A scores correlate with DS-F scores among 
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DYS subjects. TABLE 6 shows that the dyslexic subjects that made 1 or 2 condition 
A errors had an average DS-F score of around 4.50, whereas the dyslexic subjects 
that made no condition A errors had an average DS-F score of 6.33. This result is 
consistent with the view that proficiency with IMPF depends on verbal WM 
resources. However, the same correlation is not found among AMC subjects. AMC 
subjects answered correctly to almost every condition A item. Therefore, variation 
in DS-F scores does not correspond to variation in condition A scores. This result 
may simply be due to a ceiling effect. Yet, it raises some questions. For example:  

(i)  Why are the younger AMC subjects as good as the older AMC subjects in 
the comprehension of IMPF sentences, despite having lower DS-F scores?  

As we saw, there is a consistent variation in DS-F scores within the AMC group. 
The DS-F mean score of the younger AMC children is remarkably lower than that 
of the older AMC children. Then, why is it the case that this variation in DS-F 
scores does not correspond to a significant variation in condition A scores?  

A second question is: 

(ii)  Why do DYS subjects have a reading disability and younger AMC 
subjects do not, despite having similar DS-F scores?  

As we saw, the younger AMC subjects have a mean DS-F score of 5.30 digits. 
This score is almost identical to that of the DYS children (5.33 digits). However, 
despite having almost identical DS-F scores, the two groups have different reading 
abilities: DYS children are reading impaired; AMC children are not reading 
impaired. Why is this the case?  

Both questions can be answered by capitalizing on the conclusions drawn 
above. The difference in DS-F scores between the younger and the older AMC 
subjects is not due to the fact that the younger subjects have a less developed 
verbal WM system; rather, it is due to the fact that they are not as proficient as the 
older children in relying on rehearsal resources in order to improve their memory 
span. Then, the lower DS-F scores of the younger AMC children are not due to a 
dysfunctional WM system. Rather, all the components of their WM system are 
functioning properly. Younger AMC children are just not as good as older AMC 
children in using their rehearsal resources in order to improve their memory span. 
This may be the reason why the younger AMC children do not experience 
problems in interpreting IMPF sentences. Since they have a fully functional verbal 
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WM system, they do not experience difficulty in tasks that demand verbal WM 
resources.  

Similarly, the fact that DS-F measures are not a significant indicator of a 
reading disability may follow from the observation that the difference between 
dyslexics and controls in DS-F scores is qualitative rather than quantitative. 
Younger controls have an unimpaired WM system they are not yet using at its best. 
Dyslexic subjects have a verbal WM system characterized by an inefficient 
rehearsal system. Therefore, the superficial similarities in DS-F scores do not 
correspond to comparable underlying cognitive profiles and, consequently, are not 
reliable indicators of comparable reading abilities. 

4.5 v-WMDH and grammar: Vender (2009a) 

Before concluding this chapter, I would like to show how the results of Vender 
(2009a), reported in chapter 1, section 1.3.5, follow from the v-WMDH. I 
postponed the discussion of Vender’s findings to this stage because the line of 
explanation to be adopted relies on the notion of scalar implicature (SI), which I 
have introduced in this chapter. I should also stress that the type of explanation I 
am going to present here is the one proposed by Vender herself in Vender (2009a). 

Let me start by briefly reviewing Vender’s findings. In her experiment, a 
truth value judgment task, Vender tested two types of sentences. The first type is 
exemplified in (29). 

 
 
 

(29) Topolina ha ballato con Paperina e poi ∅ ha preparato la cena 

‘Minnie danced with Daisy Duck and then ∅ prepared dinner’ 

The second conjunct of (29) has as its subject a null pronoun (represented as ‘∅’). 
In adult language a null pronoun requires as its antecedent a highly salient nominal 
phrase (see Ariel 1990 for a definition of salience); therefore, in (29) the correct 
antecedent for the null pronoun is Topolina, i.e. the subject of the first conjunct.  

The second type of sentence is exemplified (30). 
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(30) Topolino ha giocato a calcio con Paperino e poi lui ha suonato il tamburo 

‘Mickey Mouse played football with Donald Duck and then he played the 
drum’ 

In adult language, overt pronouns pick up, among a set of available antecedents, 
the less salient antecedent (see Ariel 1990). Therefore, in sentence (30) Paperino is 
the correct antecedent for the overt pronoun lui. 

Vender (2009a) found that dyslexic children scored significantly worse 
than age-matched controls in the comprehension of sentences such as (29) and 
(30). In particular, dyslexic children tended to assign the pronoun an incorrect 
referent more often than controls. For example, dyslexic children would often 
interpret a sentence like (29) as ‘Minnie danced with Daisy Duck and then Daisy 
Duck prepared dinner’ and a sentence like (30) as ‘Mickey Mouse played football 
with Donald Duck and then Mickey Mouse played the drum’. In the end, the 
dyslexic children’s overall error rate (49,9%) was significantly higher than the 
control children’s error rate (10%). 

Vender (2009a) also reports that the high error rate of the dyslexic 
children is mainly due to their poor performance in the conditions testing the 
second type of sentences, that is, the sentences with an overt pronoun. In fact, in 
the condition testing type (29) sentences the error rate was 26% for dyslexic 
subjects and 1% for controls; in the condition testing type (30) sentences the error 
rate was 66% for dyslexics and 18% for controls. 

In the remainder of this section, I would like to show how the v-WMDH 
accounts for this last result, that is, the discrepancy in error rate between type (29) 
and type (30) sentences. In particular, following Vender’s (2009a) proposal, I 
intend to show that the higher error rate provided by the dyslexic children in the 
condition testing type (30) sentences is due to the failure in computing an SI.  

In Italian, null pronouns are used to refer to the discourse topic. This 
explains why in sentence (29) the null pronoun can be used to refer to Minnie but 
not to Daisy Duck. Minnie, being the subject of the first conjunct, is the discourse 
topic and, therefore, qualifies as the appropriate referent for the null pronoun. 
Overt pronouns, on the other hand, are not subject to any similar constraint. As we 
saw in chapter 2, section 2.1, a pronoun like lui, as well as its English counterpart 
he, can be used to refer to any male individual in the discourse domain. This 
predicts that, in a sentence like (30), lui can be used to refer to both Mickey Mouse 
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and Donald Duck. This conclusion seems at first sight incorrect. In adult language, 
the tonic pronoun lui in a sentence like (30) is always interpreted as referring to 
Donald Duck, and never as referring to Mickey Mouse.50 Why is this the case? 

Let us consider again our assumptions about the interpretation of null and 
overt pronouns: (i) a null pronoun can refer to a certain individual as long as that 
individual has been introduced in the discourse domain and it is the individual the 
discourse or sentence is about; (ii) an overt pronoun can refer to a certain 
individual as long as that individual has been introduced in the discourse domain. 
It follows from these assumptions that (31) is more informative than (30).  

 
(31) Topolino ha giocato a calcio con Paperino e poi ∅ ha suonato il tamburo 

‘Mickey Mouse played football with Donald Duck and then ∅ played the 
drum’ 

Recall the definition of informativeness given in (8) and repeated here as (32). 

(32) Informativeness: A sentence S1 is more informative than a sentence S2 if 
S1 is true in a subset of the state of affairs in which S2 is true. 

According to our assumptions, (30) can be true both in a situation in which Mickey 
Mouse played the drum and in a situation in which Donald Duck played the drum, 
given that the overt pronoun lui is free to refer to both Mickey Mouse and Donald 
Duck. On the other hand, (31) can only be true in a situation in which Mickey 
Mouse played the drum, given that the null pronoun is compelled to refer to the 
sentence topic. Therefore, (31) is more informative than (30). This means that we 
can place the null pronoun ∅ and the realized pronouns lui/lei (En. he/she) in the 
following informational scale: 

 
lui/lei < ∅. 
 

It is easy to see now why the overt pronoun, as used in a sentence like (30), is 
normally not allowed to refer to the sentence topic. This is so because, according to 
the Maxim of Quantity (MQ; repeated below), if the speaker wanted to refer to the 
discourse topic, she should have used the null pronoun.  

                                                             
50 There is experimental evidence for this claim. Vender (2009a) tested a group of 18 adult 
speakers of Italian and found that they rejected a sentence like (30) as a correct description 
of a situation in which Mickey Mouse played the drum in around 95% of the cases.  
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(MQ) Be as informative as possible 

In conclusion the interpretation of (30) according to which Mickey Mouse played 
the drum is excluded by an SI based on the comparison between (30) and (31).  

As contended in 4.1.4, SIs are demanding in terms of verbal WM 
resources because they require the comparison of two sentences. The v-WMDH 
maintains that dyslexic subjects have poor verbal WM resources and find 
significant difficulties in the performance of those linguistic tasks that rely on 
verbal WM. Therefore, the v-WMDH predicts that dyslexic subjects have 
difficulties in excluding the use of the overt pronoun to refer to the discourse topic. 
This is the correct result. The v-WMDH correctly predicts that dyslexic subjects 
experience significantly more problems with the interpretation of type (30) 
sentences than with the interpretation of type (29) sentences. 

4.6 Conclusions 

In this chapter, I have reported the results of an experiment testing dyslexics’ 
competence of IMPF and PP. The findings indicate that 9-year-old dyslexic 
subjects have adult-like competence of PP, but non adult-like competence of 
IMPF. I have shown that this pattern of findings can be accounted for by the v-
WMDH. I have proposed that reference to complete events with IMPF is excluded 
by a scalar implicature. Scalar implicatures, however, require the comparison of 
two sentences and, therefore, demand significant verbal WM resources. Dyslexic 
subjects, having by hypothesis poor verbal WM resources, often fail in computing 
the scalar implicature triggered by the use of IMPF morphology and, consequently, 
allow IMPF sentences to refer to complete events. 





 

Chapter 5 

The interpretation of quantifiers: 
Quantifier spreading 

In this chapter, I present and discuss the 
results of an experiment testing the ability 
of dyslexic children to interpret 
universally quantified NPs presented in a 
quantifier spreading setting. The term 
quantifier spreading refers to an error 
typically made by preschool children 
when asked to judge a sentence like every 
girl is sitting on a chair in a context in 
which there are three girls sitting on a 
chair and an extra empty chair. Children 
tend to judge the sentence as false in such 
a context and the reason seems to be that 
they require symmetry between girls and 
chairs. This pattern of answers is at odd 
with the semantics of every, which simply 
requires that the set of girls is a subset of 
the individuals sitting.  

The data on language and dyslexia considered so far converge in 
supporting the Dyslexia-Preschool Language Generalization (see section 3.4), 
according to which the language related difficulties experienced by dyslexic 
subjects are mostly found in those domains of language that are also problematic 
for preschool children. If the generalization is correct, it is expected that dyslexic 
children experience significant difficulties with the interpretation of universally 
quantified NPs in quantifier spreading contexts. 

The chapter is organized as follows. In 5.1, I introduce the notion of 
quantifier spreading. In 5.2, I report the results of an experiment (Experiment IIIa), 
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administered to a group of Italian dyslexic subjects and age-matched controls, 
testing the comprehension of universally quantifier NPs in quantifier spreading 
contexts. In 5.3, I report the results of a second experiment (Experiment IIIb), 
similar to Experiment IIIa, but administered to a group of Dutch dyslexics and age-
matched controls. In 5.4, I discuss the results of Experiments IIIa and IIIb. In 5.5, I 
show how the v-WMDH accounts for the results of the experiments. 

5.1 Quantifier spreading 

The term quantifier spreading refers to the fact that preschool children, as opposed 
to adults, often judge sentence (1) as false in the context of FIGURE 1 (see Philip 
1995). 

(1) Every girl is sitting on a chair 

FIGURE 1 
 

 
 

When asked to motivate their judgment, children point to the extra chair and say 
that the sentence is not true because no one is sitting on that chair. This fact 
suggests that children demand symmetry between girls and chairs in order for the 
sentence to be true. For this reason, the children’s responses have often been called 
symmetrical responses. 
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A similar pattern of responses is found with sentences like (2). Children 
tend to judge sentence (2) as false in the scenario depicted in FIGURE 2 and, when 
asked to motivate their judgment, they point to the extra girl. Also in this case, 
children seem to require symmetry between girls and donkeys. 

(2) A girl is riding every donkey 

FIGURE 2 
 

 
 

The negative judgments provided by the young children are problematic because 
they contrast with the truth conditions assigned to sentences such as (1) and (2) by 
the adult grammar. As we saw in section 2.1.2, determiners such as every, some, 
and no denote relations between sets of individuals. For example, every denotes the 
subset relation and a sentence like (1) is true if and only if: 

(3) For every x (in the domain), if x is a girl, then x is sitting on a chair. 

That is, (1) is true just in case the set of the girls is a subset of the set of the 
individuals sitting on a chair.  

According to these truth conditions, (1) should be judged as true in the 
context of FIGURE 1, because in that picture every individual who is a girl also 
fulfills the condition of being an individual sitting on a chair. Yet, as we saw, 
preschool children tend to judge (1) as false in the context of FIGURE 1 and the 
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reason of their negative judgment seems to be that there is an extra chair no one is 
sitting on.  

The data on language and dyslexia considered in the preceding chapters 
converge in supporting the Dyslexia-Preschool Language Generalization (see 
section 3.4), according to which the language related difficulties experienced by 
dyslexic subjects are mostly found in those domains of language that are also 
problematic for preschool children. Given that the interpretation of universally 
quantified NPs in quantifier spreading contexts is problematic for preschool 
children, the research reported in this chapter aims at testing whether older 
dyslexic children experience significant difficulties in the same domain. In the 
following sections, I present the results of two quantifier spreading experiments. 
The first experiment has been administered to a group of Italian dyslexic children 
and to a group of Italian age-matched control children. The second experiment has 
been administered to a group of Dutch dyslexic children and to a group of Dutch 
age-matched control children.  

5.2 Experiment IIIa – Italian Version 

I present the results of a quantifier spreading experiment administered to a group of 
Italian 9-year-old dyslexic children and to a group of age-matched control children. 

5.2.1 Design and procedures 

The experiment is a truth-value judgment task. Subjects are shown a picture on a 
computer screen. Then, a puppet, maneuvered by one of the experimenters, utters 
the target sentence. The subject is then asked to judge the sentence as a correct or 
incorrect description of the picture. More precisely, the subject is asked to give the 
puppet a golden coin, in case the sentence is judged as correct, or a less valued 
green coin, in case the sentence is judged as incorrect.  
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The experiment includes four experimental conditions.51 In the first 
condition, condition A, subjects are asked to judge an Italian sentence of the type 
reported in (4) in the context of FIGURE 3. 

(4) Ogni  mela  è  in  un  piatto 
Every  apple is on  a  plate 

FIGURE 3 
 

 
 
 

                                                             
51 The reader interested in the materials used in the experiment is referred to the Appendix. 
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In condition B, subjects are asked to judge a sentence such as (5) in the context of 
FIGURE 4. 

(5) Una   bambina  è  seduta  su  ogni  asinello 
A girl  is seated on every donkey 

FIGURE 4 
 

 
 
In condition C, subjects are asked to judge a sentence such as (6) in the context of 
FIGURE 5. 

(6) C’ è un bambino  su  ogni  bicicletta 
There is a boy  on every bike 
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FIGURE 5 
 

 
 
 
In condition D, subjects are asked to judge a sentence such as (7) in the context of 
FIGURE 6. 

(7) Su ogni sedia c’  è un cane  
On every chair there is a dog 

FIGURE 6 
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Conditions C and D were included in the experiment on the basis of a preliminary 
study, reported in Fiorin (2008), showing that there-sentences of the kind 
exemplified in (6) are significantly more problematic than the type of sentences 
normally used in quantifier spreading experiments. As reported in Fiorin (2008), 
unimpaired 9-year-old children judged a sentence like (4) as false in the context of 
FIGURE 3 around 20% of the times but judged a sentence like (6) as false in the 
context of FIGURE 5 around 60% of the times. Even more interestingly, unimpaired 
adults judged a sentence like (4) as false in the context of FIGURE 3 around 2% of 
the times but judged a sentence like (6) as false in the context of FIGURE 5 around 
30% of the times. 

The experiment includes 4 items for each condition, for a total of 16 
experimental items. The experiment also includes 20 filler items. Filler and 
experimental items are presented in mixed order. Two different versions of the 
experiment were developed, differing in the order of presentation of filler and 
experimental items. 

5.2.2 Subjects 

Two groups of subjects were tested in the experiment: A group of dyslexic children 
(DYS, for short) and a group of age-matched control children (AMC). The DYS 
group included 20 children (10 female), all native speakers of Italian. The group 
mean age was 9;7 (SD: 2;3) at the moment of testing.  All subjects were diagnosed 
as dyslexic by the ‘Dipartimento di Neuropsichiatria Infantile’ at the ULSS20 
(Local Public Health and Social Authority) in Verona, Italy. Diagnostic criteria 
include: absence of neurological disorders and genetic pathologies; absence of 
neuro-sensorial disorders; absence of psycho-pathological disorders; IQ above 80 
(WISC-R); ability in reading and writing fluently below 2 standard deviations 
relatively to the subject’s age (Tressoldi battery; see Sartori et al. 1995). The AMC 
group included 25 primary school children (16 female), native speakers of Italian, 
with no history of reading problems. The group mean age was 9;7 (SD: 0;10) at the 
moment of testing. The main features of the two groups are reported in TABLE 1.  

 
TABLE 1 

 
Group Number Mean Age (SD) 
AMC 25 9;7 (0;10) 
DYS 20 9;7 (2;3) 
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5.2.3 Results 

All subjects were able to complete the experiment. AMC subjects answered 
correctly to filler items 99% of times. Errors were evenly distributed across 
subjects. DYS subjects answered correctly to filler items 99% of the times. Also in 
this case, errors were evenly distributed across subjects.  

As for the experimental items, every true answer was counted as a correct 
answer and every false answer was counted as an error. TABLE 2 and GRAPH 1 
report the mean proportion of correct answers for conditions A, B, C, and D 
relatively to each group.  

 
TABLE 2 

 
 Correct answer rate 
Group Cond. A Cond. B Cond. C Cond. D TOT 
AMC .30 (.41) .31 (.31) .22 (.33) .25 (.36) .27 (.32) 
DYS .19  (.27) .19  (.30) .14  (.28) .16  (.28) .17  (.25) 

 
GRAPH 1 
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A 2 x 2 x 2 mixed design ANOVA was conducted. Group (AMC; DYS) is the 
between-subjects variable; there is the first within-subjects variable, comparing 
conditions A and B with conditions C and D (that is, comparing there-sentences 
with non-there-sentences); position is the second within-subjects variable, 
comparing conditions A and D with conditions B and C (that is, comparing the 
sentences with the universal quantifier in initial position with the sentences with 
the universal quantifier in final position). There was no significant group effect, 
F(1,43) = 1.352, p = .251, indicating no significant difference between AMC and 
DYS subjects. This result indicates that dyslexic children do not experience more 
difficulties than controls in interpreting universally quantified NPs in quantifier 
spreading contexts. There was a significant there effect, F(1,43) = 5.022, p = .030, 
indicating that the there-sentences used in conditions C and D were more difficult 
than the sentences used in conditions A and B. This result confirms Fiorin’s (2008) 
finding that there-sentences are particularly difficult to interpret in quantifier 
spreading contexts. There was no there-group interaction, F(1,43) = .459, p = .502, 
indicating that the difference in correct answer rate between conditions A and B 
and conditions C and D was of the same magnitude in both groups. Finally, there 
was no significant position effect, F(1,43) = .481, p = .492. 

5.3 Experiment IIIb – Dutch Version52 

I present the results of a quantifier spreading experiment administered to a group of 
Dutch 8-year-old dyslexic children and to a group of Dutch age-matched control 
children. 

5.3.1 Design and procedures 

The experiment is a truth-value judgment task. Design and procedures are similar 
to those adopted in Experiment IIIa, except for the fact that the materials are in 
Dutch. Subjects are shown a picture on a computer screen. Then, a puppet, 
maneuvered by one of the experimenters, utters the target sentence. The subject is 
then asked to judge the sentence as a correct or incorrect description of the picture.  

                                                             
52 Thanks to Mylène Bon for preparing and administering the Dutch version of Experiment 
III; the results of the research are reported in Bon (2009). 
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The experiment includes four experimental conditions.53 In the first 
condition, condition A, subjects are asked to judge a Dutch sentence of the type 
reported in (8) in the context of FIGURE 7. 

(8) Iedere appel ligt op een bord 
Every  apple is on  a  plate 

FIGURE 7 
 

 
 

                                                             
53 The reader interested in the materials used in the experiment is referred to the Appendix. 
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In condition B, subjects are asked to judge a sentence such as (9) in the context of 
FIGURE 8. 

(9) Een meisje zit op iedere ezel 
A girl sits on every donkey 

FIGURE 8 
 

 
 
In condition C, subjects are asked to judge a sentence such as (10) in the context of 
FIGURE 9. 

(10) Er zit een jongen op iedere fiets 
There sit a boy on every bike 
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FIGURE 9 
 

 
 
In condition D, subjects are asked to judge a sentence such as (11) in the context of 
FIGURE 10. 

(11) Op iedere stoel zit een hond  
On every chair sit a dog 

FIGURE 10 
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Notice that the condition D sentences used in the Dutch experiment differs from 
those used in the Italian experiment in that there is no er, which is the equivalent of 
the Italian ci, as used in c’è (En. ‘there is’), and of the English there as used in 
there is. The reason is that, in Dutch, a sentence like (12) is ungrammatical.  

(12) *Op iedere stoel er zit een hond  
On every chair there sit a dog54 

The experiment includes 4 items for each condition, for a total of 16 experimental 
items. The experiment includes also 20 filler items. Filler and experimental items 
are presented in mixed order. Two different versions of the experiment were 
developed, differing in the order of presentation of filler and experimental items. 

5.3.2 Subjects 

Two groups of subjects were tested in the experiment: A group of dyslexic children 
(DYS, for short) and a group of age-matched control children (AMC). The DYS 
group included 19 children (10 female), all native speakers of Dutch. The group 
mean age was 8;11 (SD: 0;8) at the moment of testing. DYS subjects were selected 
by the Uil-OTS, on the basis of a composite score obtained by plotting together 5 
measures of reading proficiency: (i) EMT; (ii) Klepel; (iii) SVS; (iv) AVI; (v) 
O3k55. The AMC group included 20 primary school children (7 female), native 
speakers of Dutch, with no history of reading problems. The group mean age was 

                                                             
54 Some Dutch speakers find (i) more acceptable than (12). However, native speakers’ 
judgments are rather shaky. Moreover, in (i) er seems to be interpreted as a locative there, 
rather than an existential there (Frank Wijnen, p.c.).  
 
(i) ?Op iedere stoel zit er een hond 
 
55 EMT (Een Minuut Test): the subject has to read correctly as many real words as possible 
in the time span of one minute (Brus and Voeten 1972). Klepel: the subject has to read 
correctly as many non-words as possible in the time span of two minutes (Van den Bos et al. 
1994).SVS (Schaal Vorderingen in Spellingvaardigheid): the subject has to spell 38 words 
after hearing them in a sentence (van den Bosch et al. 1993). AVI (Analyse van 
Individualiseringsvormen): a task that measures the accuracy and speed with which texts are 
read (Visser et al. 1994). O3k (Orhtografie 3 keuzes): the subject has to indicate which of 
three written words is a correct spelling, for 70 series (Horsley 2005). 
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8;10 (SD: 0;7) at the moment of testing. The main features of the two groups are 
reported in TABLE 3. 

 
TABLE 3 

 
Group Number Mean Age (SD) 
AMC 20 8;11 (0;8) 
DYS 19 8;10 (0;7) 

5.3.3 Results 

All subjects were able to complete the experiment. AMC subjects answered 
correctly to filler items 96% of times. Errors were evenly distributed across 
subjects, with the exception of one subject who answered incorrectly to 6 filler 
items out of 20. DYS subjects answered correctly to filler items 98% of the times. 
Also in this case, errors were distributed across subjects.  

As for the experimental items, every true answer was counted as a correct 
answer, whereas every false answer was counted as an error. GRAPH 2 and TABLE 
4 report the mean proportion of correct answers for conditions A, B, C, and D 
relatively to each group.  

 
GRAPH 2 
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TABLE 4 
 

 Correct answer rate 
Group Cond. A Cond. B Cond. C Cond. D TOT 
AMC .45 (.43) .39 (.31) .31 (.34) .36 (.34) .36 (.32) 
DYS .17  (.28) .22  (.28) .15  (.33) .16  (.31) .17  (.27) 

 
A 2 x 2 x 2 mixed design ANOVA was conducted. Group (AMC; DYS) is the 
between-subjects variable; there is the first within-subjects variable, comparing 
conditions A and B with conditions C and D; position is the second within-subjects 
variable, comparing conditions A and D with conditions B and C (that is, 
comparing the sentences with the universal quantifier in initial position with the 
sentences with the universal quantifier in final position). There was a significant 
group effect, F(1,37) = 32.827, p = .050, indicating a significant difference 
between AMC and DYS subjects. The there variable approximated but did not 
reach significance, F(1,37) = 3.935, p = .055, indicating that the sentences used in 
conditions C and D were slightly but not significantly more problematic than the 
sentences used in conditions A and B. This result may be due to the fact that the 
sentences used in condition D were not actual there-sentences (for the reasons 
discussed in 5.3.1). There was no there-group interaction, F(1,37) = .039, p = .844, 
indicating that the difference in correct answer rate between conditions A and B 
sentences and conditions C and D sentences was of the same magnitude in both 
groups. Finally, there was no significant position effect, F(1,37) = .001, p = 977.  

5.4 Discussion and further analyses 

The results of the Italian and Dutch experiments lead to contradictory conclusions. 
The results of the Italian experiment indicate that dyslexic children do not 
significantly differ from control children in their ability to interpret universally 
quantified NPs in quantifier spreading contexts. Contrastingly, the results of the 
Dutch experiment show a significant difference between dyslexic and control 
children. 

The raw data, however, suggest that the different outcomes of the two 
experiments are due to the difference in error rate between Dutch and Italian 
controls, rather than between Dutch and Italian dyslexics. Numerically speaking, 
the correct answer rate of the Italian dyslexics is very similar to that of the Dutch 
dyslexics (compare TABLE 2 with TABLE 4). However, the correct answer rate of 
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the Dutch controls (37%) is numerically higher than the correct answer rate of the 
Italian controls (27%). 

In order to understand whether language was a discriminating factor, I 
collapsed the results of the Italian and Dutch experiment together and analyze them 
by means of an ANOVA, with group (AMC; DYS) and language (Italian; Dutch) 
as between-subjects variables and overall correct answer rate as the within-subjects 
variable. The analysis shows a significant group effect, F(1,83) = 5.206, p = .025, 
but no significant language effect, F(1,83) = .626, p = .431 and no significant 
group-language interaction, F(1,83) = .492, p = .485.  

The results of the analysis leads to the following conclusions: (i) language 
is not a discriminating factor; (ii) there is a significant overall difference between 
dyslexic and control children. Then, the analysis suggests that dyslexic children do 
experience more difficulties than controls in interpreting universally quantified 
NPs in quantifier spreading contexts. This conclusion, if correct, supports the 
Dyslexia-Preschool Language Generalization (see section 3.4), according to which 
the language related difficulties experienced by dyslexic subjects are mostly found 
in those domains of language that are also problematic for preschool children. In 
the next section, I discuss how the v-WMDH proposed in chapter 3 can account for 
this result. 

Before moving to the next section, notice that both Italian and Dutch 
controls performed quite poorly. The overall correct answer rate of the Italian 
controls was 27%. That of the Dutch controls was 37%. This finding is quite 
surprising, considering that the subjects’ age ranged, roughly, between 8 and 10 
years. By this age, according to the most known studies of quantifier-spreading 
(see a.o. Philip 1995; Crain et al. 1996), children should have reached the adult 
stage.  

The poor performance of the control children could be due to the fact that 
they have not reached the adult stage yet.56 However, it could also be the case that 
control children have reached the adult stage but the experiment is so difficult that 
even adults find significant difficulties. In order to test this possibility, the Italian 
version of the experiment was administered to a group of 10 adults (mean age: 

                                                             
56 The literature offers some indications that this line of explanation is correct. Recent 
studies have shown that children reach the adult stage significantly later than was previously 
assumed. According to the data reported in Kang (2000), the correct answer rate of 7-year-
old English children, in a typical quantifier spreading experiment, is 24%. According to the 
data reported in Roeper et al. (2004), adult-like performances in quantifier spreading are not 
common until age 8 years and errors are made at least until age 12 years. In the light of 
these data, the findings of the present experiment are less surprising than they appear at first 
sight. 
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30;3, SD: 5;11), all native speakers of Italian. The results of the experiment are 
reported in TABLE 5.  

TABLE 5 
 

 Correct answer rate 
Group Cond. A Cond. B Cond. C Cond. D TOT 
Adults .90 (.21) .68 (.27) .90 (.18) .90 (.21) .84 (.14) 

 
Adults answered correctly to 90% of the items in conditions A, C, and D and to 
68% of the items in condition B. Altogether, adults answered correctly to 84% of 
the experimental items. A repeated measure ANOVA, with group (AMC, Adults) 
as a between-subjects variable and condition (A, B, C, D) as a within-subjects 
variable, shows a significant difference between the groups, F(1,33) = 29.388, p = 
.000, no significant condition effect, F(1,33) = 1.932, p = .129, but a significant 
condition-group interaction, F(1,33) = 4.674, p = .004. All in all, the results 
indicate that the Italian age-matched controls did not behave like adults. 

5.5 Quantifier spreading and the v-WMDH 

In this section, I discuss how the difficulties experienced by dyslexic subjects with 
quantifier spreading can be accounted for by the v-WMDH proposed in chapter 3. I 
begin by briefly reviewing and discussing some of the main theories of quantifier 
spreading that are offered in the literature on this topic.  

The accounts of quantifier spreading proposed in the literature can be 
classified in two broad classes, depending on whether they locate the source of the 
preschool children within the language system or in some other cognitive domain. 
In the following section, I briefly review three different accounts of quantifier 
spreading. The first account, which I take as paradigmatic of the linguistic 
approach, is the one proposed by Philip (1995).57 The second account, which I take 
as paradigmatic of the non-linguistic approach, is the one proposed by Crain et al. 
(1996). The third account, proposed in Sauerland (2006), can be regarded as 
‘mixed’, since it capitalizes on insights from both the linguistic and non-linguistic 
accounts.  

                                                             
57 Other linguistic accounts of quantifier spreading have been proposed in Drozd (1999; 
2001), Geurts (2001), and Roeper et al. (2004).  
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5.5.1 Linguistic account 

According to Philip (1995), the symmetric responses of preschool children are due 
to the fact that children take every to be a quantifier over events, rather than a 
quantifier over individuals. In other words, they take every to have the same 
meaning of always.  

As we saw, determiners like every denote relations between sets of 
individuals. For example, in sentence (13) every relates the set of the individuals 
who are boys with the set of individuals who run. Accordingly, the sentence is true 
just in case the set of the boys is a subset of the set of the runners. 

(13) Every boy runs 

Adverbs of quantification like always can also be described as relating two sets. 
However, instead of relating sets of individuals, they relate sets of events.58 For 
example, in sentence (14) always relates the set of events of John having dinner at 
the restaurant with the set of events of John drinking wine. To be more precise, 
always requires that every event belonging to the first set ‘contains’59 an event 
belonging to the second set. For example, (14) is true just in case every event of 
John having dinner at the restaurant contains an event of John drinking wine.  

(14) When John has dinner at the restaurant, he always drinks wine. 

                                                             
58 Since von Fintel (1994), who capitalizes on the works by Berman (1987) and Heim 
(1990), it has become customarily to assume that adverbs of quantification quantify over 
situations. Nevertheless, in this section I formulate the theory of adverbs of quantification in 
terms of events (notice, incidentally, that Philip’s proposal, which is based on de Swart 
1991, maintains that adverbs of quantification quantify over events). I chose to talk about 
events, instead of situations, in order to maintain my terminology as simple as possible. In 
fact, at this stage of the dissertation the reader should have some degree of familiarity with 
the notion of event, which has been introduced in chapter 4 to describe the semantics of 
grammatical aspect. It should be noticed, however, that the choice between events and 
situations is far from being a simple matter of terminology. The relevant literature includes a 
number of contributions concerning the possible interconnections between events and 
situations; the reader is referred in particular to Kratzer (2008), who provides a very detailed 
overview of situation semantics and its relation to event semantics. 
59 I am using the informal term ‘contain’ as the converse of the part-of relation ‘≤’.  
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Slightly more formally, (14) is true if and only if: 

(15) For every event e, if e is an event of John having dinner at the restaurant, 
then there is an event e’ of John drinking wine such that e contains e’.  

To sum up, always and every can be seen as performing the same job, that is, 
relating two sets of entities. The only difference is that every relates sets of 
individuals, whereas always relates sets of events.  

There is, however, another important difference between determiners and 
adverbs of quantification: Whereas in the case of determiners the first set is always 
provided by a syntactic constituent (more precisely, the common noun that in 
combination with the determiner constitutes the NP), in the case of adverbs of 
quantification the first set can be provided either by the context of utterance or by 
an antecedent when-clause or if-clause.60 In the case of (14), for example, the first 
set is provided by the when-clause when John has dinner at the restaurant. 
However, as demonstrated by (16), the restriction can be left out.  

(16) John always drinks wine 

In this case, it is the context of utterance that provides the first set of events. For 
example, in a conversation about what John drinks when he is having dinner, (16) 
means that every event of John having dinner contains an event of John drinking 
wine. 

Given these premises, let us return to Philip’s proposal. According to 
Philip, the symmetric responses of young children are due to the fact that children 
take every to be a quantifier over events, rather than a quantifier over individuals. 
That is, they interpret every as if it was always. This means that, for preschool 
children, (1), repeated below as (17), is identical to (18). That is, children do not 
interpret (17) as in (19), but as in (20), where the contextually defined set 
quantified over by always is identified with the set of events that are taking place 
in the picture. 

(17) Every girl is sitting on a chair 

                                                             
60 The idea that if-clauses and when-clauses are quantifier restrictors has been first 
introduced by Lewis (1975) and developed in subsequent work by Kratzer (e.g. Kratzer 
1986). The reader is referred to Rooth (1985) for an in depth discussion of the differences 
between if-clauses and when-clauses. 
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(18) Always, a girl is sitting on a chair. 

(19) For every individual x, if x is a girl, then x is sitting on a chair. 

(20) For every event e, if e is an event in the picture, then e contains an event 
of a girl sitting on a chair. 

Consider now the truth-conditions given in (20) in the context of FIGURE 1, 
repeated here as FIGURE 11. Suppose that children identify in the picture the events 
e1, e2, e3, and e4 (represented by the ellipses). As it should be clear, the truth 
conditions in (20) are not fulfilled in the context of FIGURE 11. In fact, it is not the 
case that every event in the picture contains an event of a girl sitting on a chair, 
because in e4 there is no girl sitting. 

 
FIGURE 11 

 

 
 

e1 e2 e3 e4 

 
In conclusion, according to Philip (1995), children judge (17) as false in the 
context of FIGURE 3 because, by treating every as a quantifier over events, they 
assign the sentence the truth conditions in (20). 

Philip further refines his proposal in order to accommodate the fact that 
children do not always provide symmetrical answers. In fact, sometimes children 
accept the sentence, showing adult-like competence of every. Philip proposes that 
for children every is ambiguous between a quantifier over individuals and a 
quantifier over events. Therefore, children are free to assign to a sentence like (17) 
either the truth conditions in (19) or the truth conditions in (20). If they choose the 
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truth conditions in (19), they accept the sentence. If they choose the truth 
conditions in (20), they reject it. Then, when children grow older they learn that the 
interpretation of every as a quantifier over events has to be excluded from their 
grammar.  

Unfortunately, Philip’s proposal suffers from a learnability problem. 
Notice that the truth conditions in (20) are satisfied in a subset of the situations in 
which the truth conditions in (19) are. In fact, according to (20), (17) is true just in 
case for every girl there is a chair and for every chair there is a girl. Therefore, the 
truth conditions in (20) are compatible only with a state of affairs in which there is 
symmetry between girls and chairs. On the other hand, according to (19), (17) is 
true just in case for every girl there is a chair. Then, the truth conditions in (19) are 
compatible both with a state of affairs in which there is symmetry between girls 
and chairs and a state of affairs in which there are more chairs than girls. As a 
result, there will never be a context in which a sentence like (17) is incompatible 
with the symmetrical reading. A straightforward consequence of this fact is that 
nothing in the input provided by adults can tell children that the use of every as an 
adverb of quantification has to be excluded from the grammar. 

5.5.2 Non-linguistic account 

Crain et al. (1996) propose that the symmetric answers provided by preschool 
children are not due to a defective grammatical system, but to the inability of 
children to deal with some features of the experimental design. 

In a typical quantifier spreading experiment, the subject is asked to say 
whether the target sentence is true or false. Moreover, on the adult interpretation, 
the expected answer is ‘true’. According to Crain et al. (1996), an important 
feature of a well designed experiment whose target answer is ‘true’ is that it must 
fulfill the Condition of Plausible Assent:61 

                                                             
61 Actually, Crain et al. (1996) refer to this condition as the Condition of Plausible Dissent. 
This is a considerable mistake, which is amended in Crain and Thornton (1998). Plausible 
Dissent is the felicity condition appropriate when asking for a negative judgment, whereas 
Plausible Assent is the felicity condition appropriate when asking for a positive judgment. 
Therefore, the condition that is relevant in the experiment under consideration is Plausible 
Assent, since, on the adult interpretation, subjects are expected to provide a positive answer. 
This mistake has some dangerous consequences. Crain and Thornton (1998) equate 
Plausible Dissent with Russell’s Maxim: ‘Perception only gives rise to a negative judgment 
when the correlative positive judgment has already been made or considered’ (Russell 
1948:138). They also claim that Plausible Assent follows as a corollary of Plausible Dissent. 
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(21) Condition of Plausible Assent 
For the experiment question to be felicitous, the questioned assertion must 
be in doubt at some point during the experiment trial. 

The idea behind (21) is that it makes sense to ask whether it is true that every girl 
is sitting on a chair only if an alternative outcome has been considered during the 
experimental trial. For example, it is appropriate to ask whether every girl is sitting 
on a chair if some of the girls first considered sitting on a sofa but, then, decided to 
sit on a chair. 

In the quantifier spreading experiment designed by Philip (1995) no 
outcome alternative to the one depicted in the picture is considered during the 
experiment trial. Therefore, the Condition of Plausible Assent is not satisfied. 
According to Crain et al. (1996:116), children make mistakes not because they 
have a defective grammar, rather because the circumstances in which the sentence 
is presented are inappropriate for questioning the truth of the sentence. Placed in 
this situation, children are led to suppose that another interpretation was intended. 
So, those children who think that the extra object in the picture is relevant conclude 
that the correct answer has to be ‘false’. In conclusion, according to Crain and 
colleagues the symmetric responses provided by preschool children are due to the 
fact that the experimental design does not satisfy the Condition of Plausible 
Assent. 

If this is correct, why is it the case that adults do not make errors in the 
same experimental setting, as demonstrated by the data reported in Philip (1995)? 
Crain and colleagues’ answer is that ‘adults are better at taking tests than young 
children’ (Crain et al. 1996:117). The poor performance of preschool children is 
due to their inability to carry out the inferences necessary for coping with an 
unsatisfied presupposition.  

Let us consider this argument in some more detail. According to (21), it 
makes sense to ask whether a certain assertion is true only if the truth of that 
assertion has been put into doubt. Another way of putting this is that a question 
about the truth of an assertion presupposes that the truth of that assertion has been 
put into doubt. As we saw, in a typical quantifier spreading experiment (21) is not 
satisfied, because no outcome alternative to the one represented in the picture is 

                                                                                                                                             
This is not correct. As pointed out by Drozd (2004:452), Plausible Assent is not a corollary 
of Plausible Dissent, since it is neither inferable nor deducible from Plausible Dissent. And, 
certainly, Russell (1948) did not want anything like Plausible Assent to be deducible from 
his Maxim. To be sure, Russell’s Maxim was meant to describe a peculiar property of 
negative judgments, as opposed to positive judgments. The introduction of Plausible Assent 
has the undesirable consequence of neutralizing such opposition.  
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considered during the experiment trial. This means that the presupposition entailed 
by the experiment question is left unsatisfied. Adults are able to cope with the 
unsatisfied presupposition by drawing inferences about what led to the state of 
affairs depicted in the picture. In other words, adults are able to accommodate the 
unsatisfied presupposition by imagining that the questioned assertion was in doubt 
at some point before the realization of the outcome depicted in the picture, even 
thought this is not made explicit during the experiment. Children, however, are 
unable to draw the inferences necessary for accommodating the unsatisfied 
presupposition as fast and successfully as adults and, as a consequence of this, 
often conclude that the question must be about the symmetry between girls and 
chairs. 

Also the account proposed by Crain et al. encounters a problem. Recent 
research has shown that significant difficulties with quantifier spreading are also 
found among subjects with SLI (Seymour et al. 2000; Roeper et al. 2004; 
Sauerland 2006) and adults L2 learners of English (DelliCaprini 2003). Recall that, 
according to Crain et al.’s proposal, the quantifier spreading errors made by 
preschool children are due to the children’s inability to draw the inferences 
necessary to accommodate presuppositional failure. The problem for Crain et al.’s 
proposal is that it cannot be easily extended to SLI subjects and adults L2 learners. 
Arguably, these types of subjects have intact inferential ability and, therefore, are 
not expected to experience problems with presupposition accommodation.  

5.5.3 Mixed account 

Sauerland (2006) proposes a theory of quantifier spreading that capitalizes on 
insights from both the linguistic and the non linguistic account. 

In adult language, sentences can be understood as under the scope of a 
silent universal quantifier over events, that is, a silent (unpronounced) always. For 
example, sentence (22a) is normally understood as ‘it is always the case that a 
guide insures that every tour is a success’. Similarly, sentence (22b) is normally 
understood as ‘it is always the case that a good father reads to his children’.  

(22) a. A guide insures that every tour is a success 
b. A good father reads to his children 
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Sauerland (2006) proposes that children’s symmetric responses are due to the fact 
that they understand the target sentence as under the scope of a silent always. That 
is, children tend to understand (1), repeated below as (23), as equivalent to (24). 

(23) Every girl is sitting on a chair 

(24) Always, every girl is sitting on a chair 

As we saw above, always can be regarded as relating two sets of events. 
Accordingly, sentence (23), understood as under the scope of a silent always, is 
assigned the truth conditions in (25), where the first set of events is provided by the 
context of the picture.  

(25) For every event e, if e is an event in the picture, then e contains an event 
e’ in which every girl is sitting on a chair. 

The truth conditions in (25) are not fulfilled in the context of FIGURE 1, repeated 
below as FIGURE 12. Let us see why. In FIGURE 12 there are four events: e1, e2, e3, 
and e4. According to (25), (23) is true just in case every such event is an event in 
which every girl is sitting on a chair. Events e1, e2, and e3 are events in which every 
girl is sitting on a chair but e4 is not. Therefore, it is not the case that every event in 
the picture is an event in which every girl is sitting on a chair. 

 
FIGURE 12 

 

 
   e1     e2 e3 e4 
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Sauerland’s proposal explains both the ‘no’ answers provided by the children and 
the fact that children point at the extra chair when asked to motivate their negative 
judgment.  

It remains to be explained why adults do not judge the sentence as false in 
the context of the same picture. According to Sauerland, the reading of (23) 
reported in (25) is blocked by the anti-uniqueness presupposition of every, which is 
the presupposition that demands that the first argument of every denotes a set with 
more than one individual. According to the anti-uniqueness presupposition a 
sentence of the form every A is B, where A and B denote sets of individuals, is 
infelicitous in a context in which A denotes a set containing just one individual. For 
example, the sentence every girl is sitting on a chair is infelicitous in the context of 
FIGURE 13. The reason is that the first set related by every denotes only one girl, 
whereas the anti-uniqueness presupposition demands that the set of girls include 
more than one individual.  

 
FIGURE 13 

 

 
 

Suppose now that (23) is interpreted as in (25), that is under the scope of a silent 
always. The truth conditions in (25) require that every event in the picture is an 
event in which every girl is sitting on a chair. This interpretation is infelicitous in 
the context of FIGURE 12 because the events e1, e2, and e3 are events in which there 
is just one girl sitting on a chair. That is, the states of affairs corresponding to e1, 
e2, and e3 do not satisfy the anti-uniqueness presupposition of every. 

When faced with FIGURE 12, adults conclude that (23) cannot be 
interpreted as in (25), that is, as under the scope of a silent always, because, if (23) 
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is interpreted as in (25), the anti-uniqueness presupposition of every cannot be 
satisfied. 

Sauerland also proposes that children have difficulties with the anti-
uniqueness presupposition of every and, therefore, have no reason to block (23) 
from being understood as under the scope of a silent always.  

Let us see why children have difficulties with the anti-uniqueness 
presupposition. Heim (1991) distinguishes two types of presuppositions: lexical 
presuppositions and implicated presuppositions. Lexical presuppositions are part of 
the lexical meaning of lexical items. An example of lexical presupposition is the 
existence presupposition associated with determiners such as the and every. 
According to the existence presupposition sentences such as the A is B and every A 
is B are felicitous just in case there exists an A, that is, just in case A does not 
denote the empty set. For example, both sentences in (26) are judged as infelicitous 
because (arguably) there is no such thing as a horn on my head. 

(26) a. Every horn on my head is sharp 

b. The horn on my head is sharp 

Another example of lexical presupposition, which is particularly relevant in the 
present discussion, is the uniqueness presupposition associated with the. According 
to the uniqueness presupposition a sentence of the form the A is B is felicitous just 
in case the set denoted by A contains exactly one individual. For example, (27) is 
infelicitous to utter in a context in which there is more than one man on the other 
side of the room. 

(27) The man on the other side of the room is drinking Martini 

Implicated presuppositions, differently from lexical presuppositions, are not part of 
the lexical meaning of lexical items. Rather, they are derived in the same way in 
which SIs (scalar implicatures) are derived. An example of implicated 
presupposition is the above-mentioned anti-uniqueness presupposition of every. 
According to Heim (1991), this presupposition is not part of the lexical meaning of 
every; rather, it is derived by comparing every with the. The idea is that a sentence 
of the form every A is B cannot be used in a context in which there is a unique A 
because in that context the sentence the A is B should have been used instead.62 
                                                             
62 To be more precise, the principle triggering implicated presuppositions is ‘Maximize 
Presupposition’: In a context C use the most informative presupposition satisfied in C. 
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Heim’s theory of presuppositions is supported by some experimental 
findings. Yatsushiro and Sauerland (2005) have shown that, by age 6 years, 
children have adult-like competence of lexical presuppositions but significant 
difficulties with implicated presuppositions. Moreover, children show a significant 
improvement with implicated presuppositions between age 6 and 7 years.  

These facts support Heim’s theory in two respects. First of all, the fact 
that lexical and implicated presuppositions follow different acquisition paths 
supports the distinction proposed by Heim. Secondly, the fact that children 
competence of implicated presuppositions improves substantially between age 6 
and 7 years support Heim’s proposal that implicated presuppositions are derived by 
means of the same mechanism that derives SIs. In fact, the acquisition path of 
implicated presuppositions seems to resemble that of SIs. 

Yatsushiro and Sauerland’s (2005) conclusion that preschool children 
have significant difficulties with implicated presuppositions explains why children 
are not as good as adults in blocking (23) from being understood as under the 
scope of a silent always. As we saw adults exclude the reading in (25) because, in 
the context of FIGURE 12 it violates the anti-uniqueness presupposition of every. 
Children, on the other hand, have difficulties in deriving the anti-uniqueness 
presupposition of every. Therefore, when they fail in deriving the anti-uniqueness 
presupposition, they have no reason for blocking (23) from being understood as 
under the scope of a silent always. 

Let me sum up the main insights of Sauerland’s (2006) account of 
quantifier spreading. Children’s symmetrical answers are due to the fact that 
children interpret sentences like (23) as under the scope of a silent always, that is, 
as ‘every event in the picture contains an event in which every girl is sitting on a 
chair’. Under this interpretation, the sentence is judged as false in the context of 
the picture because there is one event in which it is not the case that every girl is 
sitting on a chair. Adults, however, do not accept (23) as being under the scope of a 
silent always because, under that interpretation, the sentence violates the anti-
uniqueness presupposition of every. Children, on the other hand, accept (23) as 
under the scope of a silent always because they have difficulties in deriving the 
anti-uniqueness presupposition of every. 

Sauerland’s account overcomes the difficulties faced by both Philip’s 
(1995) and Crain et al.’s (1996) accounts. First of all, it avoids the learnability 
problem of Philip’s account. According to Sauerland’s proposal, the passage from 
the child stage to the adult stage does not require any restructuring of the child 
grammar. Secondly, Sauerland’s account is compatible with the findings 
concerning SLI and L2 speakers. SLI subjects may experience difficulties in 
deriving implicated presuppositions because they have poor processing resources. 
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L2 learners may experience similar difficulties because their processing resources 
are largely engaged in the tasks associated with coping with a foreign language.  
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5.5.4 Quantifier spreading and the v-WMDH 

It is time now to show how the v-WMDH proposed in chapter 3 can account for 
the difficulties experienced by dyslexic subjects with quantifier spreading. Recall 
that, according to the v-WMDH, dyslexia is associated with a deficit affecting the 
component of WM that is responsible for the temporary storage of grammatical 
and phonological representations.   

According to Sauerland’s (2006) proposal, quantifier spreading errors are 
due to the child’s failure in deriving the anti-uniqueness presupposition of every. 
Sauerland, capitalizing on Heim’s (1991) theory of presuppositions, assumes that 
implicated presuppositions, such as the anti-uniqueness presupposition of every, 
are derived by the same mechanism that derives SIs and, for this reason, are 
mastered later than lexical presuppositions.  

As shown in chapter 4, section 4.1.3, the processing of SIs requires the 
comparison of a set of alternative sentences (that is, a reference-set computation) 
and, therefore, demands significant verbal WM resources. Now, if SIs demand 
significant verbal WM resources and implicated presuppositions are derived by the 
same mechanism that derives SIs, also implicated presuppositions must demand 
significant verbal WM resources. Then, the delay in the acquisition of SIs and the 
delay in the acquisition of implicated presuppositions can be explained in the same 
way: Both SIs and implicated presuppositions demand significant verbal WM 
resources. 

On the basis of these considerations, I propose that dyslexic subjects 
experience more difficulties than controls with quantifier spreading because, 
having poor verbal WM resources, they often fail in deriving the anti-uniqueness 
presupposition of every.  

5.5.5 Open problems 

Despite its success in accounting for the difference between dyslexics and controls, 
the present analysis faces a problem. If quantifier spreading is caused by the failure 
in deriving an implicated presupposition and implicated presuppositions are 
derived by the same mechanism that derives SIs, children should stop giving 
symmetric answers at around the same age when they start demonstrating adult 
competence of SIs. In fact, a subject who has competence of SIs is also expected to 
be able to derive the anti-uniqueness presupposition of every and, consequently, 
avoid quantifier spreading errors. 



The interpretation of quantifiers 181 

This prediction seems to be contradicted by the facts. According to 
Vender’s (2009b), 9-year-old unimpaired children fail in processing SIs in around 
10 to 20% of the cases. However, the results of the present study show that 9-year-
old unimpaired children give symmetrical responses in around 70% of the cases.63 
How is it possible that children of the same age are fairly good with SIs but rather 
poor with quantifier spreading, if the errors made with SIs and the quantifier 
spreading errors have the very same source? 

The fact that quantifier spreading errors persist until a relatively old age 
suggests that quantifier spreading is a complex phenomenon, caused by the 
interaction of more than just one factor. Clearly, more work needs to be done in 
order to achieve a fully satisfactory theory of quantifier spreading. However, I 
have to leave it to future research. 

5.6 Conclusions 

In this chapter, I have reported the results of an experiment testing the ability of 
dyslexic children to interpret universally quantified NPs in quantifier spreading 
contexts. The findings indicate that dyslexic subjects, as compared to age-matched 
controls, experience difficulties with quantifier spreading. I have then shown that 
this pattern of findings can be accounted for by the v-WMDH. Following 
Sauerland (2006), I have assumed that quantifier spreading errors are caused by the 
subject’s failure in deriving the anti-uniqueness presupposition of every. Following 
Heim (1991), I have assumed that the anti-uniqueness presupposition of every is 
derived by the same mechanism that derives SIs. I have then proposed that 
dyslexic subjects experience difficulties with quantifier spreading because, having 
poor verbal WM resources, they often fail in deriving the anti-uniqueness 
presupposition of every. 

                                                             
63 This is a superficial comparison. A more adequate analysis would require testing the same 
group of subjects both on SIs and quantifier spreading. However, such an analysis is outside 
the scope of this dissertation. 





 

Conclusions 

The goal of this dissertation was to 
define some properties of the cognitive 
impairment underlying dyslexia by 
looking at the ability of dyslexic 
subjects to comprehend certain aspects 
of language. The main result is the v-
WMDH, repeated in (1). 

(1) Verbal Working Memory Deficit Hypothesis (v-WMDH):  
Dyslexic subjects suffer from a deficit affecting (the dynamic dimension 
of) the verbal WM system. 

The label ‘verbal WM system’ refers to the component of WM that is responsible 
for the temporary storage of verbal information, when required in order to perform 
further linguistic computations. I proposed that the verbal WM system is 
responsible for the temporary storage of both phonological and grammatical 
representations of the linguistic input. Therefore, the verbal WM deficit associated 
with dyslexia can be seen as comprising two sub-deficits: a phonological deficit, 
affecting the ability to temporarily store phonological representations, and a 
grammatical deficit, affecting the ability to temporarily store grammatical 
representations.  
 The label ‘dynamic dimension of the verbal WM system’ refers to the 
mechanism (or, perhaps, the set of mechanisms) that allows (i) accessing the 
information stored in the verbal WM buffers in order to make it available to other 
cognitive systems and (ii) accessing the information provided by other cognitive 
systems in order to store it into the verbal WM buffers. In other words, the 
dynamic dimension of the verbal WM system corresponds to the mechanism that 
allows putting information into the memory buffers, rehearsing the information in 
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the buffers, and making the information in the buffers available to other cognitive 
systems. 
 The v-WMDH accounts for a number of facts both in the phonological 
and in the grammatical domain. As for the phonological domain, the hypothesis 
accounts for (i) poor phonological WM, (ii) poor phonological awareness, and (iii) 
slow lexical retrieval. Phonological WM tasks, such as the non-word repetition 
task, require transferring the phonological representation of the input into the 
memory buffer, maintaining it, and then accessing it in the buffer. Phonological 
awareness tasks require a special type of access, that is, explicit access. Rapid 
naming tasks require multiple, fast accesses to phonological representations stored 
in the lexicon.  
 As for the grammatical domain, the v-WMDH accounts for the dyslexics’ 
difficulties in the comprehension of:  

 
• Tough-sentences;  
• Object-extracted relative clause sentences;  
• Pronouns in Condition B configurations;  
• Scalar implicatures;  
• Imperfective aspect;  
• Structurally ambiguous sentences;  
• Universally quantified NPs in quantifier spreading contexts.  

 
As shown in chapter 3 (sections 3.3.1 and 3.3.2), the parsing of tough-sentences 
and object-extracted relative clause sentences requires significant verbal WM 
resources. For example, the parsing of (2) requires (i) storing in verbal WM two 
NPs, the lion and the bear, (ii) maintaining the NP the lion in memory for a 
relatively long period of time, and (iii) retrieving the two NPs the lion and the bear 
from memory at the point where hits is encountered. 

(2)  The lion that the bear hits rolls the ball  

As shown in 3.3.3, excluding coreference between a pronoun and a local c-
commanding antecedent, as between her and Jane in (3), requires the computation 
of Rule I, which is a reference-set computation. Reference-set computations 
require comparing two alternative grammatical representations and, therefore, are 
particularly demanding in terms of verbal WM resources.  

(3) Jane is tickling her 
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Also the computation of scalar implicatures (SIs) triggers a reference-set 
computation and, therefore, demands significant verbal WM resources. As shown 
in 4.1.2 and 4.1.3, SIs require comparing two alternative constructions. For 
example, computing the SI triggered by some in (4a) requires comparing (4a) with 
(4b). 

(4) a. Some students passed the exam 

b.  All students passed the exam 

As for imperfective aspect, in 4.1.4 I have argued that reference to complete events 
with the Italian Tense Imperfetto is excluded by means of an SI. For example, (5a) 
is not understood as referring to a complete event of Marco eating the ice-cream 
because, if the speaker wanted to refer to a complete event, she should have used 
(5b) (that is, she should have used Passato Prossimo); she did not; therefore, she 
did not intend to refer to a complete event. Then, understanding IMPF sentences 
require performing a reference-set computation and, consequently, demands 
significant verbal WM resources. 

(5) a. Marco mangiava il gelato 
Marco ate.IMPF the ice-cream 

 b.  Marco ha mangiato il gelato 
Marco ate.PP the ice-cream 

A similar reasoning applies to the comprehension of structurally ambiguous 
sentences (see section 3.3.4). A subject engaged in the comprehension of an 
ambiguous sentence has to compare two alternative constructions in order to 
decide which one is more compatible with the context of utterance. Also this 
operation, being a reference-set computation, demands significant WM resources. 
 Finally, universally quantified NPs presuppose anti-uniqueness. For 
example, the NP every girl presupposes that there is more than one girl. This 
presupposition, an implicated presupposition, is derived by comparing the NP 
every girl with the NP the girl. Such comparison requires a reference-set 
computation and, therefore, demands significant verbal WM resources. As 
proposed by Sauerland (2006), quantifier spreading errors are due to the subject’s 
failure in deriving the anti-uniqueness presupposition of every. 
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 The v-WMDH assumes that dyslexic subjects have poor verbal WM 
resources and, therefore, predicts that dyslexic subjects have significant difficulties 
in understanding the constructions just mentioned. 
 The v-WMDH accounts also for the Dyslexia-Preschool Language 
Generalization: 

(6) Dyslexia-Preschool Language Generalization: The language related 
difficulties experienced by dyslexic subjects are mostly found in those 
domains of language that are also problematic for preschool children. 

In the framework of the v-WMDH, (6) follows from the fact that dyslexic children 
and preschool children share a common cognitive trait: Both populations, although 
for different reasons, have poor verbal WM resources. 

The v-WMDH has also non-trivial implications for the development of 
remediation therapies. Kipp and Mohr (2008) report the case of an 8-year-old 
German speaking boy, KH, with a severe form of dyslexia. Tests assessing WM 
skills (such as digit span and non-word repetition) revealed a profound deficit in 
verbal WM. Kipp and Mohr developed a specific training program for KH that 
took into account his verbal WM deficit. In particular, they kept the learning 
materials and training methods as simple and constant as possible. The remediation 
program provided a limited but significant improvement of KH’s letter-reading 
skills and this improvement was shown to be still significant after five months 
without specific training. Moreover, the authors demonstrate, by using multiple 
pre-test and post-test batteries, that KH benefited from their program but not from 
the reading instruction program provided by the school. According to the authors, 
this was due to the fact that only their program took into account KH’s WM 
deficit. ‘We believe’, say Kipp and Mohr ‘that a basic memory deficit, as observed 
in the case of KH, is underestimated as a cause of developmental dyslexia. […] 
The current study has demonstrated that simply intensifying regular school 
education is not appropriate because it does not keep memory demands low 
enough.’ 

At the beginning of this dissertation (section 1.4), I have taken the view 
proposed by Scarborough (1991) that the non-phonological linguistic deficiencies 
experienced by dyslexic subjects should not be regarded as a direct cause of the 
reading disability; rather, both the non-phonological linguistic deficit and the 
reading deficit should be regarded as different observable symptoms of the same 
underlying condition. Under this view, the study of the language in dyslexia 
becomes a fundamental means of access to the cognitive deficit underlying 
dyslexia.  
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In the course of the dissertation, I have considered a number of facts 
concerning the non-phonological linguistic abilities of dyslexic subjects. In which 
way has the study of these facts contributed to a better understanding of the 
cognitive impairment underlying dyslexia? Let us take (7) as a starting point (from 
chapter 3, section 3.2). According to (7), dyslexia is associated with a deficit 
affecting the ability to temporarily store phonological representations. It is a sound 
hypothesis, formulated on the basis of the evidence coming from the study of the 
phonological abilities of dyslexic subjects. 

(7) p-WMDH : Dyslexic subjects suffer from a deficit affecting (the dynamic 
dimension of) phonological WM. 

Analyzing the non-phonological linguistic abilities of dyslexic subjects has had 
two main consequences for the hypothesis in (7). Firstly, the fact that dyslexic 
subjects experience difficulties in performing those linguistic computations that 
require significant WM resources has provided further evidence that dyslexia is 
indeed associated with a WM deficit. Secondly, the fact that these difficulties 
extend to aspects of language that are not phonological has suggested that the WM 
deficit does not only affects that ability to temporarily store phonological 
representations, but also the ability to temporarily store grammatical 
representations. 

A few final considerations. The results achieved in this dissertation 
provide new and quite strong support for a type of linguistic theorizing that stresses 
the interdependence between linguistic computations and processing resources. In 
particular, they promote a type of research whose goal is to adequately describe 
linguistic computations as implemented in a resource-limited system. Such type of 
research takes into account both linguistic facts (such as grammaticality 
judgments) and psychological facts (such as processing costs or acquisition 
trajectories).  

Consider an example. In chapter 4, I compared two theories of the Italian 
Past Tenses Imperfetto (IMPF) and Passato Prossimo (PP). Both theories maintain 
that PP is used to refer to complete events that occurred before the utterance time. 
However, the first theory claims that IMPF is used to refer to ongoing past events, 
whereas the second theory claims that IMPF can in principle be used to refer to 
both complete and ongoing past events, but reference to complete events is 
excluded by means of Grice’s Maxim of Quantity. To put it roughly, the first 
theory assumes that reference to ongoing events is hard-wired into the lexical 
meaning of IMPF, whereas the second theory assumes that reference to ongoing 
events is the result of a pragmatic reasoning. To some extent, the two theories lead 



Conclusions 188 

to the same conclusion: IMPF cannot be used to refer to ongoing events. However, 
only the second theory allows explaining the fact that IMPF is acquired later than 
PP and the fact that dyslexic subjects experience difficulties with IMPF sentence, 
but not with PP sentences. Therefore, the second theory is to be preferred over the 
first, since it accounts both for the linguistic facts (IMPF can only be used to refer 
to ongoing events) and for the psychological facts (IMPF is acquired relatively late 
and is problematic for dyslexic subjects). Crucially, in this example the choice 
between the two theories depended on psychological rather than linguistic 
considerations. 

I believe that this line of research is very promising. Finding more robust 
correlations between psychological measures and linguistic abilities would have a 
number of advantages. It would help in deciding between competing linguistic 
theories, individuating the cognitive ‘engines’ that support linguistic computations, 
and defining the cognitive profile of subjects with a language impairment. To 
conclude, the study of language in dyslexia provides significant insights both for 
our knowledge of language and our knowledge of dyslexia. 
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Appendix 

Experiment Ia 

Warm Up 1 

Experimenter: Questo è Francesco con i sui tre amici. Francesco e il suo primo 
amico hanno portato la bici, ma gli altri due amici non l’hanno portata. 

This is Francesco's with his three friends. Francesco and his first friend brought a 
bike but the other two boys didn't. 

Clumsy Inspector: Lo so cos’è successo! Francesco e uno dei suoi amici hanno 
portato una bici.  

I know what happened! Francesco and one of his friends brought a bike. 

Warm Up 2 

Experimenter: Questo è Francesco con i suoi tre amici. Francesco e due dei suoi 
amici hanno portato una palla da pallacanestro, ma un amico di Francesco non l’ha 
portata.  

This is Francesco with his three friends. Francesco and two of his friends brought 
a basket ball but one friend didn't. 

Clumsy Inspector: Lo so cos’è successo! Ogni bambino ha portato una palla.  

I know what happened! Every boy brought a basket ball. 

Warm Up 3 

Experimenter: Questo è Francesco con i suoi tre amici. Il primo amico di 
Francesco a portato una chitarra. Il secondo amico di Francesco ha portato una 
chitarra. E anche l’ultimo amico di Francesco ha portato una chitarra.  
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This is Francesco with his three friends. Francesco's first friend brought a guitar. 
Francesco's second friend brought a guitar. And also Francesco's last friend 
brought a guitar. 

Clumsy Inspector: Lo so cos’è successo! Ogni amico di Francesco ha portato la 
chitarra.  

I know what happened! Every friend of Francesco brought a guitar. 

Filler 1F 

Experimenter: Questa è Maria con le sue tre amiche. Maria da a un regalo a 
ciascuna delle sue amiche e loro sono molto felici.  

This is Maria with her three friends. Maria gives a present to each of her friends 
and they are all very happy.  

Clumsy Inspector: Lo so cos’è successo! Ogni amica di Maria ha ricevuto un 
regalo.  

I know what happened! Every friend of Maria received a present. 

Filler 2F 

Experimenter: Questa è Maria con le sue tre amiche. Ogni bambina ha un 
orsacchiotto. Maria mette un cappellino al suo orsacchiotto. La prima amica di 
Maria mette una magliettina al suo orsacchiotto. La seconda amica di Maria mette 
pantaloncini al suo orsacchiotto. L’ultima amica di Maria non mette nessun vestito 
al suo orsacchiotto.  

This is Maria with her three friends. Every girl has a teddy bear. Maria put a cap 
on her teddy bear. Maria's first friend put a t-shirt on her teddy bear. Maria's 
second friend put pants on her teddy bear but, Maria's last friend doesn't put any 
cloth on her teddy bear. 

Clumsy Inspector: Lo so cos’è successo! Maria ah messo un cappellino al suo 
orsacchiotto.  

I know what happened! Maria put a cap on her teddy bear. 

Filler 3F 

Experimenter: Questa è Maria con le sue tre amiche. Ogni bambina ha un panino. 
Maria dice: “Non voglio mangiare il mio panino perchè non ho fame!”.  Poi, la 
prima amica amica di Maria mangia il suo panino, la seconda amica di Maria 
mangia il panino, e anche l’ultima amica di Maria mangia il panino.  
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This is Maria with her three friends. Every girls has a sandwich. Maria says: "I'm 
not going to eat my sandwich because I'm not hungry!" Then, Maria's first friend 
eats her sandwich. Maria's second friend eats her sandwich and Maria's last friend 
eats her sandwich too. 

Clumsy Inspector: Lo so cos’è successo! Ogni amica di Maria ha mangiato il suo 
panino.  

I know what happened! Every friend of Maria ate her sandwich. 

Filler 1M 

Experimenter: Questo è Francesco con i suoi tre amici. Ogni bambino ha ricevuto 
in regalo una macchinina. Francesco gioca con la sua macchinina ed è felice. 
Anche il primo amico amico di Francesco gioca con la macchinina ed è felice. 
Anche il secondo amico di Francesco gioca con la macchinina ed è molto felice. 
Poi, il terzo amico di Francesco gioca con la macchinina, ma la sua macchinina si 
rompe e lui è molto triste.  

This is Francesco with his three friends. Every boy received a toy car as a present. 
Francesco plays with his car and he is very happy. Francesco's first friend also 
plays with his car and is very happy. Francesco's second friend also plays with his 
car and is very happy. Then Francesco's third friend plays with his car, but the car 
breaks and he is very sad. 

Clumsy Inspector: Lo so cos’è successo! Ogni amico di Francesco ha rotto la sua 
macchinina.  

I know what happened! Every friend of Francesco broke his car. 

Filler 2M 

Experimenter: Questo è Francesco con i suoi tre amici. Ogni bambino ha una palla 
da pallacanestro e prova a tirarla nel canestro. Francesco tira la palla ma non centra 
il canestro. Il primo amico di Francesco tira la palla ma non centra il canestro. Il 
secondo amico di Francesco tira la palla nel canestro e gli altri bambini dicono 
“Bravo!”  Poi anche l’ultimo amico di Francesco tira la palla ma non centra il 
canestro.  

This is Francesco with his three friends. Every boy has a basket ball and tries to 
throw it in to the basket. Francesco throws the ball but doesn't hit the basket. 
Francesco's first friend throws the ball but doesn't hit the basket. Francesco's 
second friend throws the ball into the basked and the other boys say: "Bravo!" 
Then, Francesco's last friend throws the ball but doesn't hit the basket. 

Clumsy Inspector: Lo so cos’è successo! Francesco ha tirato la palla nel canestro.  
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I know what happened! Francesco threw his ball into the basket. 

Filler 3M 

Experimenter: Questo è Francesco con i suoi tre amici. Ogni amico ha una chitarra. 
Francesco suona la chitarra. Il primo amico di Francesco suona la chitarra. Poi, 
anche il secondo amico di Francesco suona la chitarra e, alla fine, anche l’ultimo 
amico di Francesco suona la chitarra.  

This is Francesco with his three friends. Every boy has a guitar. Francesco plays 
his guitar. Francesco's first friend plays his guitar too. Then also Francesco's 
second friend plays his guitar and finally also Francesco's last friend plays his 
guitar. 

Clumsy Inspector: Lo so cos’è successo! Ogni bambino ha suonato la chitarra.  

I know what happened! Every boy played his guitar. 
Condition A Item 1F 
Experimenter: Questa è Maria con le sue tre amiche. Ogni bambina ha un cane e 
degli ossi per il cane. Però, Maria non ha portato nessun osso. La prima amica di 
Maria da un osso al proprio cane e uno al cane di Maria. Poi, la seconda amica di 
Maria da un osso al proprio cane e uno al cane di Maria. Alla fine, l'ultima amica 
di Maria da un osso al proprio cane.  
This is Maria with her three friends. Every girl has a dog and some bones for the 
dogs, however Maria didn't take any bone with her. Maria's first friend gives a 
bone to her own dog and one to Maria's dog. Then Maria's second friend gives a 
bone to her own dog. and also to Maria's dog. Finally, Maria's last friend gives a 
bone to her own dog. 

Clumsy Inspector: Lo so cos’è successo! Ogni amica di Maria ha dato un osso al 
suo cane.  
I know what happened! Every friend of Maria gave a bone to her dog. 

Condition A Item 2F 

Experimenter: Questa è Maria con le sue tre amiche. Ogni bambina ha un fiore e 
un annaffiatoio. Però, Maria non ha un annaffiatoio. La prima amica di Maria 
annaffia il proprio fiore e poi annaffia il fiore di Maria. Poi, la seconda amica di 
Maria annaffia il proprio fiore e anche quello di Maria. Alla fine, l'ultima amica di 
Maria annaffia il proprio fiore ma non annaffia quello di Maria, perchè ha finito 
tutta l'acqua.  

This is Maria with her three friends. Evey girl has a flower and a watering can, 
however Maria does not have a watering can. Maria's first friend waters her own 
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flower and then she waters also Maria's flower. Then, Maria's second friend 
waters her own flower and she also waters Maria's flower. Finally, Maria's last 
friend waters her own flower but she doesn't water Maria's flower becouse she has 
finished all the water. 

Clumsy Inspector: Lo so cos’è successo! Ogni amica di Maria ha annaffiato il suo 
fiore.  

I know what happened! Every friend of Maria watered her flower. 

Condition A Item 3F 

Experimenter: Questa è Maria con le sue tre amiche. Ogni bambina ha un libro. 
Maria legge il suo libro e dice: "Il mio libro mi è piaciuto molto! Davvero 
divertente!" La prima amica di Maria legge il proprio libro e poi legge anche il 
libro di Maria. Anche la seconda amica di Maria legge il proprio libro e poi legge 
anche il libro di Maria. Invece, l'ultima amica di Maria legge soltanto il proprio 
libro.  

This is Maria with her three friends. Every girl has a book. Maria reads her own 
book and says: "I really liked my book! Very funny!" Maria's first friend reads her 
own book and then she reads also Maria's book. Also Maria's second friend reads 
her own book and then Maria's book. Maria's last friend however reads only her 
own book. 

Clumsy Inspector: Lo so cos’è successo! Ogni amica di Maria ha letto il suo libro.  

I know what happened! Every friend of Maria read her book. 
Condition A Item 1M 
Experimenter: Questo è Francesco con i suoi tre amici. Ogni bambino ha una 
bacicletta. I bambini hanno deciso di colorare le loro biciclette e per questo hanno 
portato dei colori spray. Però Francesco ha dimenticato di portare i suoi colori. Il 
primo amico di Francesco colora la propria bici con due colori e poi colora la bici 
di Francesco con il suo ultimo colore. Il secondo amico di Francesco colora la  
propria bici con due colori e poi colora la bici di Francesco con il suo ultimo 
colore. Alla fine, l'ultimo amico di Francesco colora la propria bicicletta con due 
colori e, siccome non ha avanzato altri colori, non colora la bici di Francesco.  
This is Francesco with his three friends. Every boy has a bike. The boys decided to 
paint their bikes and, in order to do that, they brought some spray colors. 
However, Francesco forgot to bring his colors. Francesco's first friend paints his 
own bike with two colors and then paints Francesco's bike with his last color. 
Francesco's second friend also paints his own bike with two colors and then paints 
Francesco's bike with his last color. Finally, Francesco's last friend paints his own 
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bike with two colors and, since he has no color left, he can't paint Francesco's 
bike. 

Clumsy Inspector: Lo so cos’è successo! Ogni amico di Francesco ha colorato la 
sua bicicletta.  
I know what happened! Every friend of Francesco painted his bike. 
Condition A Item 2M 

Experimenter: Questo è Francesco con i suoi tre amici. Ogni bambino ha una torta. 
Francesco dice: "Non voglio mangiare la mia torta perchè non ho fame!" Allora, il 
primo amico di Francesco assaggia la propria torta e anche quella di Francesco. 
Anche il secondo amico di Francesco assaggia la propria torta e quella di 
Francesco. Alla fine, l'ultimo amico di Francesco assaggia la propria torta.  

This is Francesco with his three friends. Every boy has a cake. Francesco says: 
"I'm not going to eat my cake because I'm not hungry!" Then Francesco's first 
friend tries his cake and Francesco's cake too. Francesco's second friend also tries 
his cake and Francesco's cake. Finally, Francesco's last friend tries his own cake. 

Clumsy Inspector: Lo so cos’è successo! Ogni amico di Francesco ha mangiato la 
sua torta.  

I know what happened! Every friend of Francesco tried his cake. 

Condition A Item 3M 

Experimenter: Questo è Francesco con i suoi tre amici. I bambini vogliono scrivere 
una lettera. Per questo ogni bambino ha una penna e un foglio. Francesco scrive la 
lettera con la sua penna rossa. Poi, il primo amico di Francesco scrive la lettera 
usando la propria penna e anche la penna rossa di Francesco. Anche il secondo 
amico di Francesco scrive la lettera usando la propria penna e la penna rossa di 
Francesco. Alla fine, l'ultimo amico di Francesco dice: "Voglio usare solo la mia 
penna nera perchè il nero mi piace!" Così, scrive la lettera con la propria penna.   
This is Francesco with his three friends. The boys want to write a letter. That's why 
every boy has a pen and a sheet of paper. Francesco writes a letter using his red 
pen. Then, Francesco's first friend writes a letter using his own pen and also 
Francesco's red pen. Also, Francesco's second friend writes a letter using his own 
pen and Francesco's red pen. Finally, Francesco's last friend says: "I will only use 
my black pen because I like black!" So, he writes a letter using his own pen. 

Clumsy Inspector: Lo so cos’è successo! Ogni bambino di Francesco ha usato la 
sua penna.  
I know what happened! Every friend of Francesco used his pen. 
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Condition B Item 1F 
Experimenter: Questa è Maria con le sue tre amiche. Ogni bambina ha un cane e 
degli ossi per il cane. Però, Maria non ha portato nessun osso. La prima amica di 
Maria da un osso al proprio cane e uno al cane di Maria. Poi, la seconda amica di 
Maria da un osso al proprio cane e uno al cane di Maria. Alla fine, l'ultima amica 
di Maria dice "Il mio cane non vuole l'osso, quindi do il mio osso al cane di Maria, 
che è molto affamato". Così l'ultima amica di Maria da il proprio osso al cane di 
Maria.  
This is Maria with her three friends. Every girl has a dog and some bones for the 
dogs, however Maria didn't take any bone with her. Maria's first friend gives a 
bone to her own dog and one to Maria's dog. Then Maria's second friend gives a 
bone to her own dog and also to Maria's dog. Finally, Maria's last friend says: 
"My dog doesn't want a bone so I'll give my bone to Maria's dog because he is very 
hungry!" So Maria's last friend gives a bone to Maria's dog. 

Clumsy Inspector: Lo so cos’è successo! Ogni amica di Maira ha dato un osso al 
suo cane.  
I know what happened! Every friend of Maria gave a bone to her dog. 

Condition B Item 2F 

Experimenter: Questa è Maria con le sue tre amiche. Ogni bambina ha un fiore e 
un annaffiatoio. Però, Maria non ha un annaffiatoio. La prima amica di Maria 
annaffia il proprio fiore e poi annaffia il fiore di Maria. Poi, la seconda amica di 
Maria annaffia il proprio fiore e anche quello di Maria. L'ultima amica di Maria 
dice: "Non devo annaffiare il mio fiore perchè è già molto bello; invece, annaffio il 
fiore di Maria" Così, annaffia il fiore di Maria.  

This is Maria with her three friends. Every girl has a flower and a watering can, 
however Maria does not have a watering can. Maria's first friend waters her own 
flower and then she waters also Maria's flower. Then, Maria's second friend 
waters her own flower and she also waters Maria's flower. Maria's last friend 
says: "I don't need to water my flower because it is already very beautiful; I'd 
rather water Maria's flower." So, she waters Maria's flower. 

Clumsy Inspector: Lo so cos’è successo! Ogni amica di Maria ha annaffiato il suo 
fiore.  

I know what happened! Every friend of Maria watered her flower. 

Condition B Item 3F 

Experimenter: Questa è Maria con le sue tre amiche. Ogni bambina ha un libro. 
Maria legge il suo libro e dice: "Il mio libro mi è piaciuto molto! Davvero 
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divertente!" La prima amica di Maria legge il proprio libro e poi legge anche il 
libro di Maria. Anche la seconda amica di Maria legge il proprio libro e poi legge 
anche il libro di Maria. L'ultima amica di Maria dice: "Non voglio leggere il mio 
libro! Voglio leggere il libro di Maria!" Così legge il libro di Maria.  

This is Maria with her three friends. Every girl has a book. Maria reads her book 
and says: "I really liked my book! Very funny story!" Maria's first friend reads her 
own book and then she reads also Maria's book. Also Maria's second friend reads 
her own book and then Maria's book. Maria's last friend says: "I don't want to 
read my book! I want to read Maria's book!" So, she read Maria's book. 

Clumsy Inspector: Lo so cos’è successo! Ogni amica di Maria ha letto il suo libro.  

I know what happened! Every friend of Maria read her book. 

Condition B Item 1M 
Experimenter: Questo è Francesco con i suoi tre amici. Ogni bambino ha una 
bacicletta. I bambini hanno deciso di colorare le loro biciclette e per questo hanno 
portato dei colori spray. Però Francesco ha dimenticato di portare i suoi colori. Il 
primo amico di Francesco colora la propria bici con due colori e poi colora la bici 
di Francesco con il suo ultimo colore. Il secondo amico di Francesco colora la  
propria bici con due colori e poi colora la bici di Francesco con il suo ultimo 
colore. Alla fine, l'ultimo amico di Francesco dice: "Non voglio colorare la mia 
bici, preferisco usare i miei due colori per colorare la bici di Francesco" Così, 
colora la bici di Francesco.  
This is Francesco with his three friends. Every boy has a bike. The boys decided to 
paint their bikes and, in order to do that, they brought some spray colors except for 
Francesco, who forgot to bring his colors. Francesco's first friend paints his own 
bike with two colors and then paints Francesco's bike with his last color. 
Francesco's second friend also paints his own bike with two colors and then paints 
Francesco's bike with his last color. Francesco's last friend says: "I don't want to 
paint my bike. I'd rather use my two colors to paint Francesco's bike!" So, he 
paints Francesco's bike with two colors. 

Clumsy Inspector: Lo so cos’è successo! Ogni amico di Francesco ha colorato la 
sua bici.  
I know what happened! Every friend of Francesco painted his bike. 

Condition B Item 2M 

Experimenter: Questo è Francesco con i suoi tre amici. Ogni bambino ha una torta. 
Francesco dice: "Non voglio mangiare la mia torta perchè non ho fame!" Allora, il 
primo amico di Francesco assaggia la propria torta e anche quella di Francesco. 
Anche il secondo amico di Francesco assaggia la propria torta e quella di 
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Francesco. Alla fine, l'ultimo amico di Francesco dice: "Non voglio assaggiare la 
mia torta! Preferisco assaggiare la torta di Francesco!" Così, assaggia la torta di 
Francesco.  

This is Francesco with his three friends. Every boy has a cake. Francesco says: 
"I'm not going to eat my cake because I'm not hungry!" Then Francesco's first 
friend tries his cake and Francesco's cake too. Francesco's second friend also tries 
his cake and Francesco's cake. Finally, Francesco's last friend says: "I don't want 
to try my cake! I'd rather try Francesco's cake". So, he tries Francesco's cake. 

Clumsy Inspector: Lo so cos’è successo! Ogni amico di Francesco ha assaggiato la 
sua torta.  

I know what happened! Every friend of Francesco tried his cake. 

Condition B Item 3M 

Experimenter: Questo è Francesco con i suoi tre amici. I bambini vogliono scrivere 
una lettera. Per questo ogni bambino ha una penna e un foglio. Francesco scrive la 
lettera con la sua penna rossa. Poi, il primo amico di Francesco scrive la lettera 
usando la propria penna e anche la penna rossa di Francesco. Anche il secondo 
amico di Francesco scrive la lettera usando la propria penna e la penna rossa di 
Francesco. Alla fine, l'ultimo amico di Francesco dice: "Voglio usare solo la penna 
rossa di Francesco. Così, scrive la lettera con la penna rossa di Francesco.  

This is Francesco with his three friends. The boys want to write a letter. That's why 
every boy has a pen and a sheet of paper. Francesco writes a letter using his red 
pen. Then, Francesco's first friend writes a letter using his own pen and also 
Francesco's red pen. Also, Francesco's second friend writes a letter using his own 
pen and Francesco's red pen. Finally, Francesco's last friend says: "I will only use 
Francesco's red pen!”So, he writes a letter using Francesco’s red pen. 

Clumsy Inspector: Lo so cos’è successo! Ogni amico di Francesco ha usato la sua 
penna.  

Clumsy Inspector: I know what happened! Every friend of Francesco used his pen. 

Experiment Ib 

Warm Up 1 

Experimenter: Dit is Frank samen met zijn 3 vriendjes. Frank en één vriend hebben 
een fiets meegenomen, maar de andere twee jongens niet. 
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This is Frank with his three friends. Frank and his first friend brought a bike but 
the other two boys didn't. 

Clumsy Inspector: Ik weet wat er gebeurd is! Frank en een van zijn vrienden 
hebben een fiets meegenomen! 

I know what happened! Frank and one of his friends brought a bike. 

Warm Up 2 

Experimenter: Dit is Frank met zijn drie vrienden. Frank en twee van zijn vrienden 
hebben een basketbal meegenomen, maar de derde vriend niet. 

This is Frank with his three friends. Frank and two of his friends brought a basket 
ball but the last one didn't. 

Clumsy Inspector: Ik weet wat er gebeurd is! Iedere jongen heeft een basketbal 
meegenomen. 

I know what happened! Every boy has brought a basket ball. 

Warm Up 3 

Experimenter: Dit is Frank met zijn drie vrienden. Frank's eerste vriend heeft een 
gitaar meegebracht. Frank's tweede vriend heeft een gitaar meegebracht. En 
Frank's derde vriend heeft ook een gitaar meegebracht. 

This is Frank with his three friends. Frank's first friend brought a guitar. Frank's 
second friend brought a guitar. And also Frank's last friend brought a guitar 

Clumsy Inspector: Ik weet wat er gebeurd is! Iedere vriend van Frank heeft een 
gitaar meegebracht! 

I know what happened! Every friend of Frank brought a guitar 

Filler 1F 

Experimenter: Dit is Maria met haar drie vriendinnen. Maria geeft iedere vriendin 
een cadeautje en ze zijn allemaal erg blij. 

This is Maria with her three friends. Maria gives a present to each of her friends 
and they are all very happy 

Clumsy Inspector: Ik weet wat er gebeurd is! Iedere vriendin van Maria heeft haar 
cadeautje opengemaakt! 

I know what happened! Every friend of Maria opened her present. 
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Filler 2F 

Experimenter: Dit is Maria met haar drie vriendinnen. Ieder meisje heeft een 
teddybeer. Maria zet haar teddybeer een pet op. Maria's eerste vriendin doet haar 
teddybeer een t-shirt aan. Maria's tweede vriendin doet haar teddybeer een broek 
aan maar, Maria's laatste vriendin doet haar teddybeer geen kleren aan.  

This is Maria with her three friends. Every girl has a teddybear. Maria put a cap 
on her teddy bear. Maria's first friend put a t-shirt on her teddy bear. Maria's 
second friend put pants on her teddy bear, but Maria's last friend doesn't put any 
cloth on her teddy bear. 

Clumsy Inspector: Ik weet wat er gebeurd is! Iedere vriendin van Maria heeft haar 
teddybeer een kledingstuk aan gedaan! 

I know what happened! Every friend of Maria put a cloth on her teddy bear. 

Filler 3F 

Experimenter: Dit is Maria met haar drie vriendinnen. Ieder meisje heeft een 
boterham. Maria zegt: "Ik ga mijn boterham niet opeten want ik heb geen honger!" 
Maria's eerste vriendin eet haar boterham. Maria's tweede vriendin eet haar 
boterham en Maria's laatste vriendin eet haar boterham.  

This is Maria with her three friends. Every girl has a sandwich. Maria eats says: 
"I'm not going to eat my sandwich because I'm not hungry!" Maria's first friend 
eats her sandwich. Maria's second friend eats her sandwich and Maria's last friend 
eats her sandwich. 

Clumsy Inspector: Ik weet wat er gebeurd is! Iedere vriendin van Maria at haar 
boterham! 

I know what happened! Every friend of Maria ate her sandwich. 

Filler 1M 

Experimenter: Dit is Frank met zijn drie vrienden. Iedere jongen heeft een 
speelgoedautootje cadeau gekregen. Frank speelt met zijn auto en hij is erg blij. 
Frank's eerste vriend speelt ook met zijn autootje en is erg blij. Frank's tweede 
vriend speelt ook met zijn autootje en is ook erg blij. Frank's derde vriend speelt 
ook met zijn auto, maar de auto gaat kapot en dus is hij erg verdrietig. 

This is Frank with his three friends. Every boy received a toy car as a present. 
Francesco plays with his car and he is very happy. Frank's first friend also plays 
with his car and is very happy. Frank's second friend also plays with his car and is 
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very happy. Then Frank's third friend plays with his car but the car breaks; 
therefore he gets very sad. 

Clumsy Inspector: Ik weet wat er gebeurd is! Bij iedere vriend van Frank is de auto 
kapot gegaan!  

I know what happened! Every friend of Frank broke his car. 

Filler 2M 

Experimenter: Dit is Frank met zijn drie vrienden. Iedere jongen heeft een 
basketbal en probeert hem in de basket te gooien. Frank gooit de bal maar hij mist 
de basket. Frank's eerste vriendje gooit de bal, maar hij raakt de basket niet. 
Frank's tweede vriendje gooit de bal in de basket en de andere jongens zeggen: 
'bravo!" Frank's laatste vriend gooit de bal, maar hij mist de basket. 

This is Frank with his three friends. Every boy has a basket ball and tries to throw 
it in to the basket. Frank throws the ball but doesn't center the basket. Frank's first 
friend throws the ball but doesn't center the basket. Frank's second friend throws 
the ball into the basked and the other boys say: "Bravo!" Finally, Frank's last 
friend throws the ball but doesn't center the basket.  

Clumsy Inspector Ik weet wat er gebeurd is! Frank gooide zijn bal in de basket. 

I know what happened! Frank threw his ball into the basket. 

Filler 3M 

Experimenter: Dit is Frank met zijn drie vrienden. Iedere jongen heeft een gitaar. 
Frank speelt op zijn gitaar. Frank's eerste vriend speelt ook op zijn gitaar. Ook 
Frank zijn tweede vriend speelt op zijn gitaar en uiteindelijk speelt ook Frank's 
laatste vriend op zijn gitaar. 

This is Frank with his three friends. Every boy has a guitar. Frank plays his guitar. 
Frank's first friend plays his guitar too. Then also Frank's second friend plays his 
guitar and finally also Frank's last friend plays his guitar. 

Clumsy Inspector: Ik weet wat er gebeurd is! Iedere jongen heeft op zijn gitaar 
gespeeld. 

I know what happened! Every boy played his guitar. 
Condition A Item 1F 
Experimenter: Dit is Maria met haar drie vriendinnen. Ieder meisje heeft een 
hondje, en wat botten voor de hondjes, maar Maria heeft geen bot meegenomen. 
Maria's eerste vriendin geeft een bot aan haar eigen hond en ook eentje aan Maria's 
hond. Dan geeft Maria's tweede vriendin een bot aan haar eigen hond en ook aan 
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Maria's hond. Als laatste geeft Maria's laatste vriendin een bot aan haar eigen 
hond. 
This is Maria with her three friends. Every girl has a dog and some bones for the 
dogs, however Maria didn't take any bone with her. Maria's first friend gives a 
bone to her own dog and one to Maria's dog. Then Maria's second friend gives a 
bone to her own dog. and also to Maria's dog. Finally, Maria's last friend gives a 
bone to her own dog. 

Clumsy Inspector: Ik weet wat er gebeurd is! Iedere vriendin van Maria gaf een bot 
aan haar hond. 
I know what happened! Every friend of Maria gave a bone to her dog. 

Condition A Item 2F 

Experimenter: Dit is Maria met haar drie vriendinnen. Ieder meisje heeft een bloem 
en een gieter, maar Maria heeft geen gieter. Maria's eerste vriendin geeft haar eigen 
bloem water, en daarna de bloem van Maria. Dan geeft Maria's tweede vriendin 
haar eigen bloem water, en dan de bloem van Maria. Maria's laatste vriendin geeft 
haar eigen bloem water maar ze geeft Maria's bloem geen water want het water 
was op.  

This is Maria with her three friends. Evey girl has a flower and a watering can, 
however Maria does not have a watering can. Maria's first friend waters her own 
flower and then she waters also Maria's flower. Then, Maria's second friend 
waters her own flower and she also waters Maria's flower. Finally, Maria's last 
friend waters her own flower but she doesn't water Maria's flower becouse she has 
finished all the water. 

Clumsy Inspector: Ik weet wat er gebeurd is! Iedere vriendin van Maria gaf haar 
bloem water. 

I know what happened! Every friend of Maria watered her flower. 

Condition A Item 3F 

Experimenter: Dit is Maria met haar drie vriendinnen. Ieder meisje heeft een boek. 
Maria leest haar boek en zegt: "Ik vind mijn boek heel leuk, wat een grappig 
verhaal!" Maria's eerste vriendin leest haar eigen boek en dan leest ze Maria's 
boek. Maria's tweede vriendin leest haar eigen boek, en dan leest ze Maria's boek. 
Maria's laatste vriendin leest alleen haar eigen boek.  

This is Maria with her three friends. Every girl has a book. Maria reads her book 
and says: "I really liked my book! Very funny story!" Maria's first friend reads her 
own book and then she reads also Maria's book. Also Maria's second friend reads 
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her own book and then Maria's book. Maria's last friend however reads only her 
own book. 

Clumsy Inspector: Ik weet wat er gebeurd is! Iedere vriendin van Maria las haar 
boek. 

I know what happened! Every friend of Maria read her book. 
Condition A Item 1M 
Experimenter: Dit is Frank met zijn drie vrienden. Iedere jongen heeft een fiets. De 
jongens hebben afgesproken hun fietsen te verven, en om dat te doen hebben ze 
spuitbussen met gekleurde verf meegenomen, behalve Frank want die was zijn verf 
vergeten. Frank's eerste vriend verft zijn eigen fiets met 2 kleuren en dan verft hij 
Frank's fiets met 1 kleur. Frank's tweede vriend verft zijn eigen fiets ook met twee 
kleuren en dan verft hij Frank's fiets met 1 kleur. Als laatste verft Frank's derde 
vriend zijn eigen fiets met twee kleuren, en omdat hij geen kleuren meer over heeft 
kan hij Frank's fiets niet verven. 
This is Frank with his three friends. Every boy has a bike. The boys decided to 
paint their bikes and, in order to do that, they brought some spray colors except for 
Frank, who forgot to bring his colors. Frank's first friend paints his own bike with 
two colors and then paints Frank's bike with his last color. Frank's second friend 
also paints his own bike with two colors and then paints Frank's bike with his last 
color. Finally, Frank's last friend paints his own bike with two colors and, since he 
has no color left, he can't paint Frank's bike. 

Clumsy Inspector: Ik weet wat er gebeurd is! Iedere vriend van Frank heeft zijn 
fiets geverfd. 
I know what happened! Every friend of Frank painted his bike. 
Condition A Item 2M 

Experimenter: Dit is Frank met zijn drie vrienden. Iedere jongen heeft een taart 
meegenomen. Frank zegt: "Ik ga mijn taart niet opeten want ik heb geen honger!" 
Frank's eerste vriend proeft zijn taart, en ook die van Frank. Frank's tweede vriend 
proeft zijn taart en Frank's taart. Frank's laatste vriend proeft zijn eigen taart. 

This is Frank with his three friends. Every boy has a cake. Frank says: "I'm not 
going to eat my cake because I'm not hungry!" Then Frank's first friend tries his 
cake and Frank's cake too. Frank's second friend also tries his cake and Frank's 
cake. Finally, Frank's last friend tries his own cake. 

Clumsy Inspector: Ik weet wat er gebeurd is! Iedere vriend van Frank heeft zijn 
taart geproefd! 

I know what happened! Every friend of Frank tried his cake. 
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Condition A Item 3M 
Experimenter: Dit is Frank met zijn drie vrienden. De jongens willen een brief 
schrijven, daarom heeft iedere jongen een pen en een papier. Frank schrijft zijn 
brief met zijn rode pen. Frank's eerste vriend schrijft een brief met zijn eigen pen, 
maar ook met Frank's rode pen. Frank's tweede vriend schrijft een brief met zijn 
eigen pen en met Frank's rode pen. Frank's laatste vriend zegt: "Ik ga alleen mijn 
zwarte pen gebruiken want ik vind zwart een mooie kleur!" Dus, hij schrijft zijn 
brief met zijn eigen pen.  
This is Frank with his three friends. The boys want to write a letter. That's why 
every boy has a pen and a sheet of paper.  Frank writes a letter using his red pen. 
Then, Frank's first friend writes a letter using his own pen and also Frank's red 
pen. Also Frank's second friend writes a letter using his own pen and Frank's red 
pen. Finally, Frank's last friend says: "I will only use my black pen because I like 
black!" So, he writes a letter using his own pen 

Clumsy Inspector: Ik weet wat er gebeurd is! Iedere vriend van Frank gebruikte 
zijn pen.  
I know what happened! Every friend of Frank used his pen. 

Condition B Item 1F 
Experimenter: Dit is Maria met haar drie vriendinnen. Ieder meisje heeft een 
hondje, en wat botten voor de hondjes, maar Maria heeft geen bot meegenomen. 
Maria's eerste vriendin geeft een bot aan haar eigen hond en ook eentje aan Maria's 
hond. Dan geeft Maria's tweede vriendin een bot aan haar eigen hond en ook aan 
Maria's hond. Dan zegt Maria's laatste vriendin: "Mijn hondje hoeft geen bot dus ik 
geef mijn bot aan de hond van Maria want die heeft erge honger!" Dus de laatste 
vriendin geeft Maria's hond een bot. 
This is Maria with her three friends. Every girl has a dog and some bones for the 
dogs, however Maria didn't take any bone with her. Maria's first friend gives a 
bone to her own dog and one to Maria's dog. Then Maria's second friend gives a 
bone to her own dog and also to Maria's dog. Finally, Maria's last friend says: 
"My dog doesn't want a bone so I'll give my bone to Maria's dog because he is very 
hungry!" So Maria's last friend gives a bone to Maria's dog. 

Clumsy Inspector: Ik weet wat er gebeurd is! Iedere vriendin van Maria gaf haar 
hond een bot! 
I know what happened! Every friend of Maria gave a bone to her dog. 

Condition B Item 2F 

Experimenter: Dit is Maria met haar drie vriendinnen. Ieder meisje heeft een bloem 
en een gieter, maar Maria heeft geen gieter. Maria's eerste vriendin geeft haar eigen 
bloem water, en daarna de bloem van Maria. Dan geeft Maria's tweede vriendin 
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haar eigen bloem water, en dan de bloem van Maria. Maria's laatste vriendin zegt: 
"Ik hoef mijn bloem geen water te geven want hij is al erg mooi, ik geef het water 
liever aan Maria's bloem." Dus geeft ze Maria's bloem water.  

This is Maria with her three friends. Every girl has a flower and a watering can, 
however Maria does not have a watering can. Maria's first friend waters her own 
flower and then she waters also Maria's flower. Then, Maria's second friend 
waters her own flower and she also waters Maria's flower. Maria's last friend 
says: "I don't need to water my flower because it is already very beautiful; I'd 
rather water Maria's flower." So, she waters Maria's flower. 

Clumsy Inspector: Ik weet wat er gebeurd is! Iedere vriendin van Maria gaf haar 
bloem water. 

I know what happened! Every friend of Maria watered her flower. 

Condition B Item 3F 

Experimenter: Dit is Maria met haar drie vriendinnen. Ieder meisje heeft een boek. 
Maria leest haar boek en zegt: "Ik vind mijn boek heel leuk, wat een grappig 
verhaal!" Maria's eerste vriendin leest haar eigen boek en dan leest ze Maria's 
boek. Maria's tweede vriendin leest haar eigen boek, en dan leest ze Maria's boek. 
Maria's laatste vriendin zegt: "Ik wil mijn boek niet lezen! Ik wil Maria's boek 
lezen!" Dus leest ze Maria's boek.  

This is Maria with her three friends. Every girl has a book. Maria reads her book 
and says: "I really liked my book! Very funny story!" Maria's first friend reads her 
own book and then she reads also Maria's book. Also Maria's second friend reads 
her own book and then Maria's book. Maria's last friend says: "I don't want to 
read my book! I want to read Maria's book!". So, she read Maria's book 

Clumsy Inspector: Ik weet wat er gebeurd is! Iedere vriendin van Maria las haar 
boek. 

I know what happened! Every friend of Maria read her book. 

Condition B Item 1M 
Experimenter: Dit is Frank met zijn drie vrienden. Iedere jongen heeft een fiets. De 
jongens hebben afgesproken om hun fietsen te verven, en om dat te doen hadden ze 
spuitbussen met gekleurde verf meegenomen, behalve Frank want die was zijn verf 
vergeten. Frank's eerste vriend verft zijn eigen fiets met 2 kleuren en dan verft hij 
Frank's fiets met zijn laatste kleur. Frank's tweede vriend verft zijn eigen fiets ook 
met twee kleuren en dan verft hij Frank's fiets met zijn laatste kleur. Frank's laatste 
vriend zegt: "Ik wil mijn fiets niet verven. Ik wil liever Frank's fiets verven met 
mijn twee kleuren!" Dus schildert hij Frank's fiets met twee kleuren. 
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This is Frank with his three friends. Every boy has a bike. The boys decided to 
paint their bikes and, in order to do that, they brought some spray colors except for 
Frank, who forgot to bring his colors. Frank's first friend paints his own bike with 
two colors and then paints Frank's bike with his last color. Frank's second friend 
also paints his own bike with two colors and then paints Frank's bike with his last 
color. Frank's last friend says: "I don't want to paint my bike. I'd rather use my two 
colors to paint Frank's bike!" So, he paints Frank's bike with two colors.  

Clumsy Inspector: Ik weet wat er gebeurd is! Iedere vriend van Frank schilderde 
zijn fiets! 
I know what happened! Every friend of Francesco painted his bike. 

Condition B Item 2M 

Experimenter: Dit is Frank met zijn drie vrienden. Iedere jongen heeft een taart 
meegenomen. Frank zegt: "Ik ga mijn taart niet opeten want ik heb geen honger!" 
Frank's eerste vriend proeft zijn taart, en ook die van Frank. Frank's tweede vriend 
proeft zijn taart en Frank's taart. Frank's laatste vriend zegt: "Ik wil mijn taart niet 
proeven! Ik proef liever Frank's taart!" Dus proeft hij Frank's taart. 

This is Frank with his three friends. Every boy has a cake. Frank says: "I'm not 
going to eat my cake because I'm not hangry!" Then Frank's first friend tries his 
cake and Frank's cake too. Frank's second friend also tries his cake and Frank's 
cake. Finally, Frank's last friend says: "I don't want to try my cake! I'd rather try 
Frank's cake" So, he tries Frank's cake. 

Clumsy Inspector: Ik weet wat er gebeurd is! Iedere vriend van Frank heeft zijn 
taart geproefd! 

I know what happened! Every friend of Francesco tried his cake. 

Condition B Item 3M 
Experimenter: Dit is Frank met zijn 3 vrienden. De jongens willen een brief 
schrijven, daarom heeft iedere jongen een pen en een papiertje. Frank schrijft zijn 
brief met zijn rode pen. Frank's eerste vriend schrijft een brief met zijn eigen pen, 
maar ook met Frank's rode pen. Frank's tweede vriend schrijft een brief met zijn 
eigen pen en met Frank's rode pen. Frank's laatste vriend zegt: "Ik ga alleen Frank's 
rode pen gebruiken want ik vind rood een mooie kleur!" Dus, hij schrijft zijn brief 
met Frank's pen.  

This is Frank with his three friends. The boys want to write a letter. That's why 
every boy has a pen and a sheet of paper. Frank writes a letter using his red pen. 
Then, Frank's first friend writes a letter using his own pen and also Frank's red 
pen. Also, Frank's second friend writes a letter using his own pen and Frank's red 
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pen. Finally, Frank's last friend says: "I will only use Frank's red pen because I 
like red!" So, he writes a letter using Frank's red pen 

Clumsy Inspector: Ik weet wat er gebeurd is! Iedere vriend van Frank gebruikte 
zijn pen. 

I know what happened! Every friend of Francesco used his pen. 

Experiment II 

Warm Up 1  

Experimenter: (to the child) Guarda, c’era una volta una ragazza che si chiamava 
Michela e aveva in mano una gallina dietro una tenda.  Poi la tenda si è chiusa e 
non abbiamo potuto vedere più niente. (To the puppet): Che cosa hai visto dietro la 
tenda? 

Look, once upon a time there was a girl named Michela and she had a chicken 
behind the curtain. Then the curtain closed and we couldn’t see anything anymore. 
What did you see behind the curtain? 

Puppet: Michela ha posato la gallina sul pavimento. 

Michela put.PP the chicken on the floor. 

Experimenter: (to the child) Quale dei due disegni è il disegno giusto? 

Which picture is the correct one? 

Picture 1: Michela and a chicken on the floor. 

Picture 2: Michela and a chicken on Michela’s head. 

Warm Up 2 

Experimenter: (to the child) Guarda, c’era una volta una ragazza che si chiamava 
Paola e stava mangiando un gelato dietro una tenda. Poi la tenda si è chiusa e non 
abbiamo potuto vedere più niente. (To the puppet): Che cosa hai visto dietro la 
tenda? 

Look, once upon a time there was a girl named Paola and she was eating an ice-
cream behind the curtain. Then the curtain closed and we couldn’t see anything 
anymore. What did you see behind the curtain? 

Puppet: Paola ha fatto cadere per terra il suo gelato.  
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Paola let.PP the ice-cream fall on the floor. 

Experimenter: (to the child) Quale dei due disegni è il disegno giusto? 

Which picture is the correct one? 

Picture 1: Marisa and an apple on the floor 

Picture 2: Marisa and an ice-cream on the floor 

Filler 1  

Experimenter: (to the child) Guarda, c’era una volta Topolino che aveva in mano 
un palloncino giallo dietro una tenda. Poi la tenda si è chiusa e non abbiamo potuto 
vedere più niente. (To the puppet): Che cosa hai visto dietro la tenda? 

Look, once upon a time there was Mickey Mouse with a yellow balloon behind the 
curtain. Then the curtain closed and we couldn’t see anything anymore. What did 
you see behind the curtain? 

Puppet: Topolino ha lasciato il palloncino giallo. 

Mickey Mouse let.PP the yellow balloon go. 

Experimenter: (to the child) Quale dei due disegni è il disegno giusto?  

Which picture is the correct one? 

Picture 1: Mickey Mouse and a yellow balloon flying 

Picture 2: Mickey Mouse with a yellow and a green balloons. 

Filler 2 

Experimenter: (to the child) Guarda, c’era una volta Pippo che giocava a palla 
canestro dietro una tenda. Poi la tenda si è chiusa e non abbiamo potuto vedere più 
niente. (To the puppet): Che cosa hai visto dietro la tenda?    

Look, once upon a time there was Goofy playing basket ball behind the curtain. 
Then the curtain closed and we couldn’t see anything anymore. What did you see 
behind the curtain? 

Puppet: Pippo ha tirato la palla nel canestro. 

Pippo threw.PP the ball into the basket. 

Experimenter: (to the child) Quale dei due disegni è il disegno giusto? 

Which picture is the correct one? 
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Picture 1: Goofy throwing the ball in the basket. 

Picture 2: Goofy throwing the ball outside the basket. 

Filler 3 

Experimenter: (to the child) Guarda, c’era una volta Pluto che cercava il suo osso 
dietro una tenda. Poi la tenda si è chiusa e non abbiamo potuto vedere più niente. 
(To the puppet): Che cosa hai visto dietro la tenda?    

Look, once upon a time there was Pluto looking for his bone behind the curtain. 
Then the curtain closed and we couldn’t see anything anymore. What did you see 
behind the curtain? 

Puppet: Pluto ha trovato il suo osso. 

Pluto found.PP his bone. 

Experimenter: (to the child) Quale dei due disegni è il disegno giusto? 

Which picture is the correct one? 

Picture 1: Pluto finds his bone. 

Picture 2: Pluto plays with a ball. 

Filler 4 

Experimenter: (to the child) Guarda, c’era una volta la mia mamma che stava 
colorando il nostro frigorifero dietro una tenda. Poi la tenda si è chiusa e non 
abbiamo potuto vedere più niente. (To the puppet): Che cosa hai visto dietro la 
tenda? 

Look, once upon a time there was my mom painting our fridge behind the curtain. 
Then the curtain closed and we couldn’t see anything anymore. What did you see 
behind the curtain? 

Puppet: La mia mamma colorava il nostro frigorifero. 

My mom paint.IMPF our fridge.  

Experimenter: (to the child) Quale dei due disegni è il disegno giusto? 

Which picture is the correct one? 

Picture 1: Mom painting the fridge. 

Picture 2: Mom painting the washing machine. 
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Filler 5 

Experimenter: (to the child) Guarda, c’era una volta Topolino che stava 
aggiustando la sua macchina dietro una tenda. Poi la tenda si è chiusa e non 
abbiamo potuto vedere più niente. (To the puppet): Che cosa hai visto dietro la 
tenda?  

Look, once upon a time there was Mickey Mouse fixing his car behind the curtain. 
Then the curtain closed and we couldn’t see anything anymore. What did you see 
behind the curtain? 

Puppet: Topolino aggiustava la sua macchina. 

Mickey Mouse fix.IMPF his car. 

Experimenter: (to the child) Quale dei due disegni è il disegno giusto? 

Which picture is the correct one? 

Picture 1: Mickey Mouse fixing the car. 

Picture 2: Mickey Mouse with a bike. 

Filler 6 

Experimenter: (to the child) Guarda, c’era una volta Topolino che stava bevendo 
un bicchiere di coca-cola dietro una tenda. Poi la tenda si è chiusa e non abbiamo 
potuto vedere più niente. (To the puppet): Che cosa hai visto dietro la tenda?    

Look, once upon a time there was Mickey Mouse drinking a glass of coca-cola 
behind the curtain. Then the curtain closed and we couldn’t see anything anymore. 
What did you see behind the curtain? 

Puppet: Topolino beveva la coca-cola. 

Mickey Mouse drink.IMPF the coca-cola. 

Experimenter: (to the child) Quale dei due disegni è il disegno giusto? 

Which picture is the correct one? 

Picture 1: Mickey Mouse drinking coca-cola. 

Picture 2: Mickey Mouse eating pizza. 

Condition A Item 1 

Experimenter: (to the child) Guarda, c’era una volta Marco che stava mangiando 
un gelato dietro una tenda. Poi la tenda si è chiusa e non abbiamo potuto vedere più 
niente. (To the puppet): Che cosa hai visto dietro la tenda? 
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Look, once upon a time there was Marco eating an ice-cream behind the curtain. 
Then the curtain closed and we couldn’t see anything anymore. What did you see 
behind the curtain? 

Puppet: Marco mangiava il gelato. 

Marco ate.IMPF the ice-cream. 

Experimenter: (to the child) Quale dei due disegni è il disegno giusto? 

Which picture is the correct one? 

Picture 1: Marco eating the ice-cream (ongoing picture). 

Picture 2: Marco has finished eating the ice-cream (complete picture). 

Condition A Item 2 

Experimenter: (to the child) Guarda, c’era una volta Topolino che stava mettendo 
delle palle da pallacanestro in una cesta dietro una tenda. Poi la tenda si è chiusa e 
non abbiamo potuto vedere più niente. (To the puppet): Che cosa hai visto dietro la 
tenda? 

Look, once upon a time there was Mickey Mouse putting dome basket balls in a 
basket behind the curtain. Then the curtain closed and we couldn’t see anything 
anymore. What did you see behind the curtain? 

Puppet: Topolino metteva le palle in una cesta. 

Topolino put.IMPF the balls in a basket. 

Experimenter: (to the child) Quale dei due disegni è il disegno giusto? 

Which picture is the correct one? 

Picture 1: Topolino putting the balls in the basket (ongoing picture). 

Picture 2: Topolino and all the balls in the basket (complete picture). 

Condition A Item 3 

Experimenter: (to the child) Guarda, c’era una volta una ragazza che si chiamava 
Michela che stava costruendo una torre con piccoli blocchi dietro una tenda. Poi la 
tenda si è chiusa e non abbiamo potuto vedere più niente. (To the puppet): Che 
cosa hai visto dietro la tenda? 

Look, once upon a time there was a girl named Michela who was building a tower 
with little blocks behind the curtain. Then the curtain closed and we couldn’t see 
anything anymore. What did you see behind the curtain? 
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Puppet: Michela costruiva una torre con piccoli blocchi. 

Michela build.IMPF a tower. 

Experimenter: (to the child) Quale dei due disegni è il disegno giusto? 

Which picture is the correct one? 

Picture 1: Michela bulding a tower (ongoing picture). 

Picture 2: Michela and a finished tower (complete picture). 

Condition B Item 1 

Experimenter: (to the child) Guarda, c’era una volta Paperino che mangiava una 
torta dietro una tenda. Poi la tenda si è chiusa e non abbiamo potuto vedere più 
niente. (To the puppet): Che cosa hai visto dietro la tenda?    

Look, once upon a time there was Donald Duck eating a cake behind the curtain 
behind the curtain. Then the curtain closed and we couldn’t see anything anymore. 
What did you see behind the curtain? 

Puppet: Paperino ha mangiato la torta. 

Donald Duck ate.PP the cake. 

Experimenter: (to the child) Quale dei due disegni è il disegno giusto? 

Which picture is the correct one? 

Picture 1: Donald Duck eating a cake (ongoing picture). 

Picture 2: Donald Duck has finished eating the cake (complete picture). 

Condition B Item 2 

Experimenter: (to the child) Guarda, c’era una volta una ragazza che si chiamava 
Michela che stava scrivendo una lettera alla sua mamma dietro una tenda. Poi la 
tenda si è chiusa e non abbiamo potuto vedere più niente. (To the puppet): Che 
cosa hai visto dietro la tenda?    

Look, once upon a time there was a girl named Michela who was writing a letter to 
her mom behind the curtain. Then the curtain closed and we couldn’t see anything 
anymore. What did you see behind the curtain? 

Puppet: Michela ha scritto la lettera alla sua mamma. 

Michela write.PP the letter to her mom.  

Experimenter: (to the child) Quale dei due disegni è il disegno giusto? 
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Which picture is the correct one? 

Picture 1: Michela writing the letter (ongoing picture). 

Picture 2: Michela and a finished letter (complete picture). 

Condition B Item 3 

Experimenter: (to the child) Guarda, c’era una volta la mia amica Marisa che stava 
lavando il suo cane dietro una tenda. Poi la tenda si è chiusa e non abbiamo potuto 
vedere più niente. (To the puppet): Che cosa hai visto dietro la tenda? 

Look, once upon a time there was my friend Marisa washing her dog behind the 
curtain. Then the curtain closed and we couldn’t see anything anymore. What did 
you see behind the curtain? 

Puppet: Marisa  ha lavato il suo cane. 

Marisa wash.PP her dog. 

Experimenter: (to the child) Quale dei due disegni è il disegno giusto? 

Which picture is the correct one? 

Picture 1: Marisa washing her dog (ongoing picture). 

Picture 2: Marisa and a washed dog (complete picture). 

Experiment IIIa 

Filler 1 Ogni bicicletta è bianca. Every bike is white. 

Filler 2 Ogni luna è gialla. Every moon is yellow. 

Filler 3 Ogni gallina è bianca. Every chicken is white. 

Filler 4 Ogni orsetto ha un cappello. Every teddy bear wears a cap. 

Filler 5 Ogni regalo è rosso. Every present is red. 

Filler 6 Ogni bicchiere è sotto il tavolo. Every glass is under the table. 

Filler 7 Una bambina ha i capelli biondi. Every girl is blond. 

Filler 8 Un bambino ha il cappello. A boy wears a hat. 

Filler 9 Un coniglietto è sul tavolo. A bunny in on the table. 
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Filler 10 Una stella è blu. A star is blue. 

Filler 11 C’è un albero dietro la casa. There is a tree behind the house. 

Filler 12 C’è un libro rosso. There is a red book. 

Filler 13 C’è una banana nel piatto. There is a banana in the dish. 

Filler 14 C’è un bambino davanti alla porta. There is a boy in front of the door. 

Filler 15 C’è un albero rosso. There is a red tree. 

Filler 16 Gianni è sulla bicicletta. Gianni is on the bike. 

Filler 17 Michela è seduta sulla sedia. Michela is sitting on the chair. 

Filler 18 Francesca ha un gelato. Francesca has an ice-cream. 

Filler 19 Fido dorme nella cuccia. Fido sleeps in his bed. 

Filler 20 Felix è sulla sedia. Felix is on the chair. 

Condition A  

Item 1 Ogni mela è in un piatto. Every apple is on a dish. 

Item 2 Ogni luna dorme sotto una stella. Every mood sleeps under a star. 

Item 3 Ogni gatto è nascosto dietro a un cane. Every cat is hidden behind a dog. 

Item 4 Ogni caramella è in un cerchio. Every candy is in a circle. 

Condition B  

Item 1 Una palla è in ogni canestro. A ball is in every basket. 

Item 2 Una bambina è su ogni asinello. A girl is on every donkey. 

Item 3 Una bambina è seduta su ogni sedia. A girl is sitting on every chair. 

Item 4 Un cane è in ogni cuccia. A dog is in every bed. 

Condition C  

Item 1 C’è una macchina di fronte ad ogni casa. There is a car in front of every 
house. 

Item 2 C’è un fiore davanti ad ogni finestra. There is a flower in front of every 
window. 

Item 3 C’è un bambino su ogni bicicletta. There is a boy on every bike. 
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Item 4 C’è un cane davanti ad ogni porta. There is a dog in front of every door. 

Condition D  

Item 1 Su ogni tavolo c’è una torta. On every table there is a cake. 

Item 2 Sotto ogni albero c’è un orsacchiotto. Under every tree there is a teddy 
bear. 

Item 3 Su ogni sedia c’è un cane. On every chair there is a dog. 

Item 4 Vicino ad ogni fiore c’è una gallina. Next to every flower there is a chicken. 

Experiment IIIb 

Filler 1 Iedere fiets is wit. Every bike is white 

Filler 2 Iedere maan is geel. Every moon is yellow 

Filler 3 Iedere kip is wit. Every chicken is white 

Filler 4 Iedere teddybeer draagt een pet. Every teddy bear wears a cap 

Filler 5 Ieder cadeautje is rood. Every present is red 

Filler 6 Een glas staat onder de tafel. Every glass is under the table 

Filler 7 Een meisje heeft blond haar. Every girl is blond 

Filler 8 Een jongen draagt een pet. A boy wears a hat 

Filler 9 Een konijntje zit op de tafel. A bunny in on the table 

Filler 10 Een ster is blauw. A star is blue 

Filler 11 Er staat een boom achter het huis. There is a tree behind the house 

Filler 12 Er is een rood boek. There is a red book 

Filler 13 Er ligt een banaan op het bord. There is a banana in the dish 

Filler 14 Er staat een jongen voor de deur. There is a boy in front of the door 

Filler 15 Er is een rode boom. There is a red tree 

Filler 16 Tom rijdt op zijn fiets. Tom rides his bike 

Filler 17 Linda zit op de stoel. Linda is sitting on the chair 
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Filler 18 Marie heeft een ijsje. Marie has an ice-cream 

Filler 19 Bobbie slaapt in zijn mand. Bobbie sleeps in his bed 

Filler 20 Felix zit op de stoel. Felix sits on the chair 

Condition A  

Item 1 Iedere appel ligt op een bord. Every apple is on a dish 

Item 2  Iedere maan slaapt onder een ster. Every mood sleeps under a star 

Item 3 Iedere kat zit achter een hond. Every cat is hidden behind a dog 

Item 4 Ieder snoepje ligt in een cirkel. Every candy is in a circle 

Condition B  

Item 1 Een bal zit in iedere basket. A ball is in every basket 

Item 2 Een meisje zit op iedere ezel. A girl is on every donkey 

Item 3 Een meisje zit op iedere stoel. A girl is sitting on every chair 

Item 4 Een hond ligt in ieder mandje. A dog is in every bed 

Condition C  

Item 1 Er staat een auto voor ieder huis. There is a car in front of every house 

Item 2 Er staat een bloem voor ieder raam. There is a flower in front of every 
window 

Item 3 Er zit een jongen op iedere fiets. There is a boy on every bike 

Item 4 Er zit een hond voor iedere deur. There is a dog in front of every door 

Condition D  

Item 1 Op iedere tafel staat een tart. On every table there is a cake 

Item 2 Onder iedere boom zit een teddybeer. Under every tree there is a teddy 
bear 

Item 3 Op iedere stoel zit een hond. On every chair there is a dog 

Item 4 Bij iedere bloem staat een kip. Next to every flower there is a chicken





 

Samenvatting in het Nederlands 

In dit proefschrift word gekeken naar taalbegrip van kinderen met dyslexie. Door 
dit onderzoek wordt meer inzicht verkregen in de cognitieve stoornis die aan 
dyslexie ten grondslag ligt. 

Met dyslexie wordt een aan taal gerelateerde leerstoornis bedoeld, die 
kinderen belemmert vloeiend te leren lezen, ondanks normale intelligentie, 
normaal gehoor, normaal schoolbezoek en in afwezigheid van lichamelijke, 
emotionele en socio-economische problemen (Vellutino 1979). Dyslexie treft in 
het algemeen 5 tot 10% van de bevolking en ongeveer 40% van de individuen van 
wie tenminste één ouder  een leesstoornis heeft (Gilger et al. 1991; Pennington et 
al. 1991). 

Er is grote overeenstemming over het feit dat de leesproblemen die 
dyslectici ervaren aan een stoornis in de verwerking van fonologische 
representaties te wijten zijn. Er is  echter ook een groot aantal studies die hebben 
aangetoond dat  dyslectici problemen hebben met het begrijpen van  sommige 
soorten grammaticale structuren. Byrne (1981) vond, bijvoorbeeld,  dat 
dyslectische kinderen net zo goed als niet dyslectische leeftijdsgenoten 
controlestructuren kunnen begrijpen, zoals the bird is happy to bite (‘de vogel is 
blij te kunnen bijten’), maar moeite hebben met het begrijpen van tough-zinnen, 
zoals the bird is tasty to bite (‘de vogel is lekker om in te bijten’). Stein et al. 
(1984) vinden  dat dyslectische kinderen moeite hebben met het begrijpen van 
betrekkelijke bijzinnen waarbij extractie van het object plaatsgevonden heeft, 
terwijl dezelfde kinderen geen moeite hebben met betrekkelijke bijzinnen waarbij 
extractie van het onderwerp plaatsgevonden heeft. Waltzman en Cairns (2000) 
melden dat dyslectische kinderen over een matige beheersing van het principe B 
van de Binding Theory beschikken – en daarom vaak een voornaamwoord toestaan 
om te verwijzen naar een lokaal c-commanding antecedent – maar daarentegen 
over een goede beheersing van principes A en C beschikken. Vender (2009b) 
meldt dat dyslectische kinderen moeite hebben met het begrijpen van scalaire 
elementen zoals some (‘sommige’) en or (‘of’), daarbij suggererend dat 
dyslectische kinderen de neiging hebben om de processing van scalaire 
implicaturen te vermijden. 
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In dit proefschrift worden de resultaten gepresenteerd van drie 
experimentele onderzoeken die verder bewijs leveren voor het feit dat het 
taalbegrip van dyslectici aanzienlijk – en op interessante manieren – verschilt van 
die van niet dyslectische kinderen. 

In het eerste experiment (Experiment I) werden een groep 9-jarige 
Italiaanse dyslectici, een groep 9-jarige Italiaanse controlekinderen, een groep 8-
jarige Nederlandse zwakke lezers (d.w.z., kinderen met een IQ onafhankelijke 
leesstoornis) en een groep 8-jarige Nederlandse controlekinderen getest i.v.m. het 
begrijpen van zinnen zoals (1). 

  

(1) a. Ogni amico di Francesco ha colorato la sua bicicletta 
 b. Iedere vriend van Frank heeft zijn fiets geverfd 

‘Every friend of Frank painted his bike’ 

Een zin zoals (1) is dubbelzinnig. Het kan betekenen dat iedere vriend van 
Francesco zijn eigen fiets heeft geverfd, maar ook  dat iedere vriend van Francesco 
Francesco’s fiets heeft geverfd. De ambiguïteit hangt af van de interpretatie die aan 
het bezittelijke voornaamwoord wordt gegeven. In het eerste geval wordt het 
bezittelijke voornaamwoord als een variabele geïnterpreteerd die gebonden is door 
de gekwantificeerde NP every friend of Francesco (‘iedere vriend van Francesco’). 
In het tweede geval heeft het bezittelijke voornaamwoord betrekking tot hetzelfde 
individu dat aangegeven wordt door de referentiële NP Francesco.  

In het experiment verschilden de groepen met 9-jarige Italiaanse 
dyslectici en Nederlandsse zwakke lezers  niet van hun controlegroepen met 
betrekking tot hun voorkeur voor een van de twee interpretaties. Toch hadden de 
drie groepen verschillende uitvoeringsstrategieën. De controlegroep maakte een 
vrij willekeurige keuze tussen de twee interpretaties, hetgeen individuele resultaten 
op kansniveau opleverde. Dyslectici en matige lezers, daarentegen, hadden de 
neiging om tijdens het experiment dezelfde interpretatie te kiezen, hetgeen een 
algemeen kansniveau resultaat opleverde, maar tevens significante individuele 
voorkeuren. 

In het tweede experiment (Experiment II) werd een groep 9-jarige 
Italiaanse dyslectici en een groep 9-jarige Italiaanse controlekinderen getest op het 
begrijpen van de Italiaanse verleden tijden Passato Prossimo (PP; voltooid 
tegenwoordig tijd) en Imperfetto (IMPF; onvoltooid verleden tijd). In het bijzonder 
testte het experiment het vermogen  van de kinderen om PP-zinnen te combineren 
met voltooide gebeurtenissen en IMPF-zinnen met lopende gebeurtenissen. De 
resultaten van het experiment tonen aan dat dyslectische en niet dyslectische 
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kinderen net zo goed  in staat zijn PP-zinnen met voltooide gebeurtenissen te 
associëren, terwijl dyslectici aanzienlijk minder bekwaam zijn in het combineren 
van IMPF-zinnen met de beelden van lopende gebeurtenissen dan niet dyslectische 
kinderen. 

In het derde experiment (Experiment III) werd een groep 9-jarige 
Italiaanse dyslectici, een groep 9-jarige Italiaanse controlekinderen, een groep 8-
jarige Nederlandse matige lezers en een groep 8-jarige Nederlandse 
controlekinderen getest op het begrijpen van universeel gekwantificeerde NPs in 
een kwantorspreidingsetting. 

Aan de kinderen werd gevraagd Italiaanse en Nederlandse zinnen als in 
(2) te beoordelen in de context van een tekening, die drie meisjes voorstelde, ieder 
op een stoel gezeten, met een extra lege stoel erbij. 

  

(2) a. Ogni bambina è seduta su una sedia 
b. Ieder meisje zit op een stoel 
‘Every girl is sitting on a chair’ 

De resultaten tonen aan dat dyslectici en matige lezers aanzienlijk vaker dan 
controlekinderen de zin in deze  context op een foutieve manier als onjuist 
beoordelen. Ieder wordt niet goed geïnterpreteerd door de dyslectische kinderen en 
zwakke lezers. 

Deze drie experimenten bevestigen dat dyslectische kinderen, vergeleken 
met goede lezers, moeite hebben met taalbegrip. Deze problemen kunnen niet 
worden uitgelegd als een neveneffect van de fonologische stoornis.  Dit wordt 
aangetoond door het feit dat de resultaten van dyslectici meer van het niveau 
van grammaticale complexiteit van de geteste zin afhangt dan van de fonologische 
complexiteit van dezelfde zin. Dyslectici hebben bijvoorbeeld wel moeite met de 
zin the bird is tasty to bite (‘de vogel is lekker om in te bijten’), maar geen moeite 
met de zin the bird is happy to bite (‘de vogel is blij om te kunnen bijten’), 
ondanks het feit dat de twee zinnen fonologische representaties delen die veel op 
elkaar lijken. 

Om de moeilijkheden in taalbegrip van dyslectici te kunnen verklaren, stel 
ik in dit proefschrift de Verbal Working Memory Deficit Hypothesis voor 
(afkorting: v-WMDH). Hierbij maak ik gebruik van het label ‘verbal Working 
Memory systeem’ met betrekking tot de component van Working Memory die 
verantwoordelijk is voor het tijdelijk opslaan van verbale informatie, als dit nodig 
is om verdere taalberekeningen uit te voeren:  
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Verbal Working Memory Deficit Hypothesis (v-WMDH)  
Dyslexie bestaat uit  een stoornis die het verbale werkgeheugen systeem 
aantast. 

Working Memory (vanaf nu: WM) – het gaat om een begrip dat voornamelijk door 
Alan Baddeley werd ontwikkeld (zie Baddeley 1986) – is een geheugensysteem dat 
verantwoordelijk is zowel voor het tijdelijk opslaan van de output van 
tussenberekeningen bij probleemoplossing, als voor verdere berekeningen die 
gebaseerd zijn op deze tijdelijke uitkomsten. Sinds Baddeley en Hitch (1974) is het 
gebruikelijk geworden een WM systeem voor te stellen dat uit (tenminste) drie 
onderdelen bestaat: een systeem dat verantwoordelijk is voor verbale informatie 
(‘Phonological Loop’); een systeem dat verantwoordelijk is voor visuele informatie 
(‘Visuospatial Sketchpad’); en een aandachtscontrolesysteem (‘Central 
Executive’). 

Er is tegenwoordig veel experimenteel bewijs voor het feit dat dyslexie 
gepaard gaat met een WM gebrek. Dit is geformaliseerd binnen het model van 
Baddeley als een aangetaste  Phonological Loop  (zie Baddeley en Gathercole 
1993). Er is ook  bewijs dat het fonologische WM gebrek een grote 
verantwoordelijkheid draagt voor de leesstoornis die kenmerkend is voor dyslexie. 

Om een uitleg van de moeilijkheden in taalbegrip te geven, stel ik voor 
dat dyslectici niet alleen aan een fonologisch WM gebrek lijden, maar ook aan een 
grammaticaal WM gebrek. Ik  veronderstel dat de verbale component van WM niet 
alleen verantwoordelijk is voor het tijdelijk opslaan van fonologische 
representaties van de taalkundige input, maar ook voor het tijdelijk opslaan van 
grammaticale representaties. Met andere woorden, ik stel voor dat de Phonological 
Loop, ondanks zijn naam, niet alleen van fonologische aard is, maar ook te maken 
heeft met grammaticale representaties. Om deze terminologie duidelijk te maken, 
verwijs ik naar het onderdeel van het WM systeem, dat verantwoordelijk is voor de 
(ofwel fonologische ofwel grammaticale) abstracte representaties van de 
taalkundige input, door gebruik te maken van het label ‘verbale WM’. 

Het gebrek dat met dyslexie gepaard gaat kan dus volgens de v-WMDH 
worden beschouwd als bestaand uit twee sub-gebreken: een fonologisch gebrek, 
dat het vermogen aantast met betrekking tot het tijdelijk opslaan van fonologische 
representaties, en een grammaticaal gebrek, dat het vermogen aantast met 
betrekking tot het tijdelijk opslaan van grammaticale representaties. 

De v-WMDH kan  de bovenvermelde moeilijkheden in taalbegrip 
verklaren. De parsing van tough-zinnen en betrekkelijke bijzinnen waarbij 
extractie van het object plaatsgevonden heeft, vraagt om aanzienlijke verbale WM 
middelen. Om een voorbeeld te geven,  de parsing van (3) bestaat uit de volgende 
stappen: (i) het opslaan in de verbale WM van twee NPs, the lion (‘de leeuw’) en 
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the bear (‘de beer’); (ii) het bewaren in het geheugen van de NP the lion (‘de 
leeuw’) voor  een relatief lange tijd; (iii) het terugvinden in het geheugen van de 
twee NPs the lion (‘de leeuw’) en the bear (‘de beer’) op het moment dat hits 
(‘slaat’) wordt aangetroffen. 

(3) The lion that the bear hits rolls the ball  
‘De leeuw die de beer slaat rolt de bal’ 

Volgens Reinhart's theorie van binding (Grodzinsky en Reinhart 1993; Reinhart 
1983a; 1983b; 2000) eist het uitsluiten van coreferentie tussen een voornaamwoord 
en een lokaal c-commanding antecedent, zoals tussen her (‘haar’) en Jane in (4), 
de berekening van Regel I, die een referentie-setberekening is. Een referentie-
setberekening - een begrip dat door Tanya Reinhart ingevoerd is (zie Reinhart 
1999) - is een berekening waarbij twee alternatieve grammaticale representaties 
met elkaar worden vergeleken, wat aanzienlijk veel kost in termen van WM 
middelen.  

(4) Jane is tickling her 
‘Jane is haar aan het kietelen’ 

Ook de berekening van scalaire implicaturen activeert een referentie-setberekening 
en vraagt daarom om aanzienlijke verbale WM middelen. In het bijzonder eisen 
scalaire implicaturen de vergelijking tussen twee alternatieve constructies. Het 
berekenen van de SI, die in (5a) door some (‘sommige’) geactiveerd is, vereist de 
vergelijking tussen (5a) en (5b). 

(5) a. Some students passed the exam 
‘Sommige studenten legden het tentamen succesvol af’ 
b. All students passed the exam 
‘Alle studenten legden het tentamen succesvol af’ 

Wat IMPF zinnen betreft, argumenteer ik dat referentie tot voltooide 
gebeurtenissen door middel van een scalaire implicatuur wordt uitgesloten. De zin 
in (6a), bijvoorbeeld, wordt niet als verwijzend naar een voltooide gebeurtenis 
geïnterpreteerd, waarbij Marco het ijsje at. Immers,, mocht de spreekster naar een 
voltooide gebeurtenis willen verwijzen, ze dan (6b) had moeten gebruiken (d.w.z., 
zij had PP moeten gebruiken). Dit gebeurde niet, dus wilde de spreekster  niet naar 
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een voltooide gebeurtenis verwijzen. Het begrijpen van IMPF zinnen eist daarom 
de uitvoering van een referentie-setberekening en, vraagt als gevolg daarvan, om 
aanzienlijke verbale WM middelen. 

(6) a. Marco mangiava il gelato 
Marco at.IMPF het ijsje 
b. Marco ha mangiato il gelato 
Marco at.PP het ijsje 

Een dergelijke redenering is toe te passen voor het begrip  van structureel 
dubbelzinnige zinnen. Iemand die een dubbelzinnige zin moet begrijpen moet twee 
alternatieve constructies met elkaar vergelijken, om te kunnen bepalen welke van 
de twee beter met de context van de taaluiting overeenkomt. Ook deze operatie, die 
eigenlijk een referentie-setberekening is, eist aanzienlijke WM middelen. 

Ten slotte wordt bij universeel gekwantificeerde NPs anti-uniqueness 
verondersteld. Er wordt bij de NP every girl (‘ieder meisje’), bijvoorbeeld, 
veronderstelt dat er meer dan alleen maar één meisje bestaat. Deze veronderstelling 
– een geïmpliceerde veronderstelling - ontstaat door de vergelijking tussen de NP 
every girl (‘ieder meisje’) en de NP the girl (‘het meisje’). Een dergelijke 
vergelijking vraagt om een referentie-setberekening en eist daarom aanzienlijke 
verbale WM middelen. Zoals Sauerland (2006) voorstelt, zijn de fouten die i.v.m. 
kwantorspreiding worden gemaakt te wijten aan het gegeven dat het kind dat de zin 
moet beoordelen de anti-uniqueness veronderstelling van every (‘ieder’) op de 
verkeerde manier afleidt. 

Door de veronderstelling dat dyslectici over matige verbale WM middelen 
beschikken, kan de v-WMDH de moeilijkheden verklaren die dyslectici ervaren in 
het begrijpen van de bovenvermelde constructies. De v-WMDH biedt een uitleg 
voor een ander belangrijk feit, dat door de volgende generalisatie beschreven 
wordt: 

(7) Dyslexie-Voorschool Taal Generalisatie  
De door dyslectici ervaren moeilijkheden met betrekking  tot het 
taalgebruik komen grotendeels voor in die taaldomeinen die ook  bij 
voorschoolkinderen een probleem vormen. 

De generalisatie wordt door de volgende opmerkingen bevestigd: (i) Byrne (1981) 
meldt dat dyslectici moeite hebben met het begrijpen van tough-zinnen; Chomsky 
(1969) en Cromer (1970) rapporteren vergelijkbare moeilijkheden bij 
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voorschoolkinderen; (ii) Stein et al. (1984) vinden dat dyslectici moeite hebben 
met betrekkelijke bijzinnen waarbij extractie van het object plaatsgevonden heeft; 
vergelijkbare moeilijkheden zijn bij voorschoolkinderen gemeld (zie Correa, 1995; 
Friedmann & Novogrodsky, 2004; de Villiers, 1979); (iii) Waltzman en Cairns 
(2000) melden dat dyslectici moeite hebben met conditie B van de Binding 
Theory; vergelijkbare feiten zijn bij voorschoolkinderen gemeld (zie Chien en 
Wexler 1990; Chomsky 1969); (iv) Vender (2009b) vindt dat dyslectici bij scalaire 
implicaturen moeite ervaren; vergelijkbare feiten zijn bij voorschoolkinderen 
gemeld (zie Chierchia’s et al. 2001; Papafragou en Musolino 2003); (v) bij 
Experiment II meld ik dat dyslectici moeite ervaren met IMPF; vergelijkbare feiten 
zijn bij voorschoolkinderen gemeld (zie Hollebrandse en van Hout 2001); (vi) bij 
Experiment III meld ik dat dyslectici meer fouten maken i.v.m. kwantorspreiding 
dan niet dyslectische kinderen; fouten i.v.m. kwantorspreiding kenmerken 
voorschooltaal (zie Philip 1995). 

In het kader van de v-WMDH volgt (7) uit het feit dat dyslectische 
kinderen en voorschoolkinderen een gezamenlijke cognitieve eigenschap delen: 
beide groepen beschikken, hoewel de redenen verschillend zijn, over matige 
verbale WM middelen. Er bestaat, in feite, veel bewijs dat het WM systeem van 
kinderen jonger dan 6 jaar niet volledig is ontwikkeld en dat de WM prestatiesbeter 
beginnen te worden, zowel kwalitatief als kwantitatief, als kinderen ouder zijn dan  
7 jaar. 

Over het geheel genomen, bieden de resultaten die binnen dit proefschrift 
zijn gerapporteerd een nieuwe en vrij sterke ondersteuning ten gunste van een 
taalkundige theorie, die de nadruk legt op de onderlinge afhankelijkheid tussen 
taalkundige berekeningen en verwerkingsmiddelen. In het bijzonder wordt gepleit 
voor een type onderzoek  dat zich ten doel stelt taalkundige berekeningen zoals 
deze, uitgevoerd in een systeem dat over beperkte middelen beschikt, adequaat te 
beschrijven. Een onderzoek dat in deze richting verricht wordt, heeft belangrijke 
gevolgen voor het kiezen tussen  tegenstrijdige taalkundige theorieën, voor het 
vaststellen van de cognitieve mechanismen die achter taalkundige berekeningen 
staan, en voor het bepalen van het cognitieve profiel van individuen met een 
taalstoornis. 
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