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Abstract

Il presente lavoro di tesi nasce con il duplice obiettivo di sviluppare un’analisi
approfondita degli aspetti piu peculiari della dislessia evolutiva, quali la distribuzione
del disturbo e le sue principali manifestazioni, e di avanzare un’ipotesi originale in
merito alle sue possibili cause.

Decenni di ricerche condotte in campo internazionale hanno infatti dimostrato
come la dislessia evolutiva non sia un semplice disturbo che ostacola unicamente
I"'apprendimento della lettura e della scrittura, ma costituisca piuttosto una sindrome
complessa ed articolata.

A fianco delle piu note difficolta nel campo dell’alfabetizzazione, infatti, i soggetti
dislessici presentano deficit marcati nell’ambito fonologico, che rendono
particolarmente gravoso il compito di analizzare la struttura interna delle parole. Tale
scarsa consapevolezza meta-fonologica puo essere considerata alla base delle difficolta
nell’acquisizione delle regole di conversione grafema-fonema che sottendono
I'apprendimento della letto-scrittura. Ad essa si aggiungono disturbi specifici del
lessico, che appare essere meno sviluppato nei dislessici, e difficolta nei cosiddetti
rapid-naming tasks, nei quali viene richiesto ai partecipanti di nominare il piu
rapidamente possibile immagini di semplici oggetti, colori e simboli alfanumerici.

Interessanti studi condotti piu recentemente in campo linguistico, inoltre, hanno
messo in luce come i dislessici presentino notevoli difficolta nella comprensione di
strutture grammaticali complesse che richiedono elevati costi di processing per essere
correttamente interpretate.

A questi disturbi di tipo linguistico, infine, si associano anche estese difficolta di
attenzione e, in particolare, una significativa incapacita di concentrarsi sugli stimoli

rilevanti al perseguimento del proprio obiettivo, filtrando quelli irrilevanti.

Partendo dall’analisi di tali manifestazioni della dislessia, obiettivo primario di
questa tesi e stato quello di valutare le ipotesi elaborate nel corso dei decenni per

spiegare |'eziologia del disturbo, a partire dalle piu tradizionaliste ipotesi sensoriali, che



considerano la dislessia un problema di tipo visivo o uditivo, per arrivare a teorie piu
recenti, come quella del deficit magnocellulare, del deficit fonologico e del doppio-
deficit. Dal momento che tali ipotesi, pur presentando spunti interessanti, si sono
rivelate incapaci di spiegare la totalita delle manifestazioni associate alla dislessia, la
ricerca oggetto della presente dissertazione si & prefissa I'obiettivo di sviluppare una
nuova proposta che potesse fornire una spiegazione piu completa del disturbo.

Tale ipotesi, che chiameremo “lpotesi del deficit di Memoria di Lavoro
Fonologica ed Esecutiva”, prende spunto dai numerosi studi condotti in campo
internazionale che hanno messo in luce come i dislessici presentino deficit molto
marcati nei test che analizzano la loro memoria di lavoro.

Per quando riguarda I’architettura della memoria di lavoro umana, si &€ adottato il
modello sviluppato da Baddeley ed Hitch (1974) e successivamente affinato da
Baddeley (2000), secondo il quale la memoria di lavoro e costituita dall’Esecutivo
Centrale, un sistema dotato di compiti di controllo, supervisione e gestione
dell’attenzione, e deputato a dirigere le attivita di due magazzini a breve termine, il
Loop Fonologico e il Taccuino Visuo-Spaziale, che si occupano rispettivamente del
mantenimento temporaneo di informazioni di tipo fonologico e visuo-spaziale. A questi
due sotto-sistemi ne e stato recentemente aggiunto un terzo, il Buffer Episodico, il
quale, essendo in grado di supportare un codice multimodale, ha il compito di
integrare le informazioni provenienti dal Loop Fonologico e dal Taccuino Visuo-

Spaziale.

In modo da testare in maniera specifica la memoria di lavoro nei bambini
dislessici, confrontando la loro performance con quella dei coetanei normodotati, &
stato sviluppato e applicato un primo protocollo sperimentale che ha dimostrato, in
linea con i risultati ottenuti in altri studi condotti in campo internazionale, come i
dislessici presentino marcati deficit a livello di Loop Fonologico e di Esecutivo Centrale,
mentre la loro performance nei compiti di memoria a breve termine visuo-spaziale

rientra nella norma.



Sulla base di questi risultati, I'lpotesi del Deficit di Memoria di Lavoro Fonologica
ed Esecutiva propone che la dislessia sia un disturbo strettamente connesso ad una
limitazione della memoria di lavoro e in particolare della memoria fonologica a breve
termine e delle funzioni esecutive.

La conseguenza piu evidente del malfunzionamento del Loop Fonologico &
rappresentata dall'incapacita di analizzare correttamente la struttura interna delle
parole, che si manifesta da un lato nella scarsa consapevolezza meta-fonologica
frequentemente diagnosticata nei dislessici, e dall’altro nella loro difficolta di
acquisizione delle corrette regole di conversione grafema-fonema. Dal momento che
una delle funzioni attribuite al Loop Fonologico & quella di avere un ruolo
determinante nella costruzione del vocabolario dell’individuo e nell’accesso lessicale,
ipotizzarne un malfunzionamento permette di spiegare anche le limitazioni del lessico
e le difficolta nei rapid-naming task riportate nei dislessici.

Un disturbo all’Esecutivo Centrale, invece, comporta notevoli problemi nello
svolgimento di compiti che richiedono risorse elevate in termini di processing, ovvero
che necessitano I'immagazzinamento temporaneo e la manipolazione di piu fonti di
informazione, nonché I’elaborazione simultanea di pit procedure. Ne sono un esempio
concreto le difficolta di comprensione di strutture linguistiche complesse, tipicamente
riscontrate nella dislessia. Inoltre, essendo I'Esecutivo Centrale direttamente coinvolto
nella gestione e nel controllo dell’attenzione, la sua compromissione puo essere
ritenuta responsabile dei deficit di attenzione spesso riportati nei dislessici.

Per testare ulteriormente questa ipotesi sono stati sviluppati tre protocolli
sperimentali volti ad analizzare la performance dei dislessici nella comprensione di
strutture complesse, quali le implicature scalari, la negazione e i pronomi.
Compatibilmente con quanto predetto dall’ipotesi di riferimento, i bambini dislessici
hanno manifestato significative difficolta in tutti e tre i protocolli, dimostrando ancora
una volta come i problemi emergano chiaramente nei compiti che richiedono costi
cognitivi elevati. Nello specifico, i risultati hanno evidenziato che i dislessici non solo

commettono pil errori dei coetanei normodotati, ma presentano una performance



simile a quella di bambini di due e quattro anni piu giovani di loro, addirittura di eta
prescolare.

In conclusione, I'lpotesi del Deficit di Memoria di Lavoro Esecutiva e Fonologica e
potenzialmente in grado di spiegare tutte le manifestazioni connesse alla dislessia e
discusse in questa tesi. Tale ipotesi si pone pertanto come un punto di partenza per lo
sviluppo di future analisi e prospettive sulla dislessia evolutiva, nonché per
I'elaborazione di strumenti diagnostici e di riabilitazione sempre piu precisi ed

adeguati.
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Introduction

In the present dissertation | will review some of the most peculiar aspects
concerning developmental dyslexia, focusing on its distribution and, especially, on its
manifestations and possible causes.

Observing that dyslexic individuals appear to manifest severe deficits in those
cognitive tasks which require a fine phonological analysis and which are particularly
demanding in terms of processing resources, | will propose an original hypothesis to
account for the cognitive impairment underlying this disorder, the Phonological and

Executive Working Memory Deficit Hypothesis, reported below.

The Phonological and Executive Working Memory Deficit

Hypothesis

Dyslexic individuals suffer from a limitation affecting their
Working Memory and hampering in particular their
phonological memory and their executive functions. As a
consequence, this impairment disrupts their phonological
competence, as well as their performance in complex
tasks which are particularly demanding in terms of
Working Memory resources. On the contrary, dyslexics
can rely on a spared visuo-spatial memory, to which they
can resort for the accomplishment of compensatory

strategies.

As | will discuss in this dissertation, Working Memory is the brain system
engaged in the temporary storage and manipulation of those information that are
necessary for those cognitive tasks such as reasoning, learning, problem solving,
language comprehension and comprehension. Specifically, | will adopt as a starting

point for my analysis Baddeley and Hitch’s (1974) influential Working Memory Model,
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according to which Working Memory is constituted by two short-term stores, the
Phonological Loop and the Visuo-Spatial Sketchpad, and a limited capacity attentional
controller who supervises the activities, the Central Executive. The two short-term
stores, which are independent from each other, are concerned respectively with the
temporary storage of phonological information and of visuo-spatial information. The
Central Executive, instead, is involved in executive functions, that is in the control of
attention, detecting the relevant stimuli and filtering out those which are irrelevant, in
the supervision of the activities carried out by the two slave-subsystems and in the
manipulation and execution of the operations. In a subsequent version of the model,
these functions are partially accomplished by a fourth component, the Episodic Buffer,
which is a subsystem supporting a multimodal code and concerned with the
manipulation and integration of the information provided by the two short-term
stores.

Adopting this framework, | will review recent experimental results
demonstrating that Working Memory, and in particular the Central Executive, plays a
fundamental role in human cognition. Individual differences in cognitive tasks are
determined by the general capacity of their Working Memory: people whose Working
Memory is limited or less efficient are more likely to show lower speed and accuracy in
the execution of those complex tasks which are demanding in terms of processing
resources.

In the Phonological and Executive Working Memory Deficit Hypothesis, | propose
that developmental dyslexia is characterized by the presence of two main impairments
affecting their Working Memory. On the one side, in fact, dyslexic individuals suffer
from a phonological memory deficit, preventing them from correctly analyzing the
internal structure of words and nonwords. On the other side, instead, they show an
impairment affecting their executive functions and hampering their performance in
complex and demanding tasks. The severity of these impairments determines the
severity of the disorder itself.

A clear consequence of this hypothesis is that dyslexic individuals are expected

to exhibit difficulties whenever they are asked to perform complex operations or to
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execute more than one task simultaneously. Nevertheless, a compensation is allowed
by the general plasticity of the system: an individual with an high 1Q score, for
instance, can learn to use alternative strategies to perform a task in order to
circumvent her difficulties.

Throughout this discussion, | will show that the Phonological and Executive
Working Memory Deficit Hypothesis is able to account for all the principal
manifestations of developmental dyslexia, explaining not only the well-known reading
and spelling difficulties that characterize the disorder, but also the frequently reported
phonological deficits, vocabulary and naming disorders, grammatical impairments and

attention problems.

The dissertation is organized as follows. In Chapter 1 | will present a detailed
introduction to developmental dyslexia, discussing the manifestations of the disorder,
and focusing on recent studies developed to identify the precursors of dyslexia.
Moreover, | will briefly introduce the neurobiological aspects of the disorder.

Chapter 2, instead, will be dedicated to the illustration of the main theories
proposed to explain the causes of dyslexia, ranging from the Visual and Auditory
Deficit Hypotheses and moving to the more recent approaches, such as the
Magnocellular Deficit Hypothesis, the Phonological Deficit Hypothesis, the Double
Deficit Hypothesis and the Phonological and Executive Working Memory Deficit
Hypothesis. Discussing both strengths and weaknesses of each proposal, | will argue
that none of them is able to capture all the difficulties associated with dyslexia, except
for the Phonological and Executive Working Memory Deficit Hypothesis. However, |
will suggest that this proposal should be reformulated more precisely and, first of all,
strengthened by a further experimental protocol developed to test precisely dyslexic
children’s and age-matched typically developing children’s Working Memory.

The results of this experimental protocol will be presented in Chapter 3. As | will
observe, findings provide uncontroversial evidence in favor of an impairment affecting
dyslexics’ Phonological Loop and Central Executive, but leaving their Visuo-Spatial

Sketchpad spared and normally functioning.
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Considering these results as a starting point, | will propose my hypothesis, the
Phonological and Executive Working Memory Deficit Hypothesis outlined above, in
Chapter 4. Specifically, | will argue that dyslexics’ poorly functioning phonological
memory and executive functions hamper their performance in tasks requiring a good
phonological competence and demanding a high amount of cognitive resources. | will
note, therefore, that dyslexics’ deficits are more likely to arise in complex tasks.

In order to further test the Phonological and Executive Working Memory Deficit
Hypothesis | decided to assess dyslexic children’s performance in linguistically complex
tasks, developing three experimental protocols whose results will be presented in the
subsequent chapters.

In Chapter 5 | will discuss the result of a first protocol testing dyslexic children’s
ability to compute scalar implicatures, an operation remarkably expensive in terms of
processing resources, comparing their performance to that shown by age-matched
typically developing children, a group of younger children and a group composed by
adults.

In Chapter 6 | will present a second experiment testing the interpretation of
negation in dyslexic children and age-matched typically developing children,
considering their ability to comprehend negative sentences, negative quantifiers and
negative concord.

Finally, in Chapter 7 | will expose the results of a last protocol assessing dyslexic
children’s competence in the interpretation of pronouns, comparing their performance
to that shown by age-matched control children, control adults and two groups of
younger children.

The interested reader can find a complete version of the materials used in the
experiments made available online at  http://fermi.univr.it/live/people/

Maria%20Vender/appendix.pdf.

As | will argue throughout the discussion, all three experiments provided results

which are consistent with the Phonological and Executive Working Memory Deficit

Hypothesis, demonstrating that dyslexics are indeed remarkably more impaired than
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their peers in the comprehension of complex sentences, and that their performance is
similar to that shown by children who are 2 or 4 years younger than them.

Finally, Chapter 8 will be dedicated to the concluding remarks: | will summarize
the considerations put forward throughout the dissertation and | will propose a new
definition of developmental dyslexia, which focuses on the phonological and executive
Working Memory impairment exhibited by dyslexic individuals. | will also briefly
introduce and discuss the Cerebellar Deficit Hypothesis developed by Nicolson and
colleagues (1995, 2001, 2008) to explain dyslexia.

| will argue that the Cerebellar Deficit Hypothesis and the Phonological and
Executive Working Memory Deficit Hypothesis present both commonalities and
differences and that further research is needed to analyze more thoroughly the

distinct predictions made by the two proposals.
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1 ANINTRODUCTION TO DEVELOPMENTAL DYSLEXIA

1.1 Introduction

Developmental Dyslexia is a learning based disability that interferes in particular
with the acquisition of language.

This disorder, which has a clear neurologic and genetic origin, affects around 5-
15% of the population and it is highly inheritable. It is, in fact, now widely
acknowledged that dyslexia runs in families and it is estimated that a child with a
dyslexic parent or sibling has 50% probability of being dyslexic (Gayan and Olson 1999).

A difference between the sexes has been also found, with a sex ratio of
approximately three or four males to one female (Wolff and Melngailis 1994). This
discrepancy appears to increase in parallel to the severity of the disorder and to the IQ
of the subject: as the reading deficit becomes more severe, the 1Q tends to be lower
and the male ratio tends to be higher (Olson 2002). However, the imbalance between
the sexes may sometimes be overestimated, due to the tendency reported by teachers
to identify boys as being more problematic than girls in class.

One of the most easily detectable symptoms of dyslexia, to which this disorder
actually owes its name, is the failure to properly acquire reading and spelling skills. This
impairment appears to be particularly surprising in those children, as dyslexics, who
are otherwise intelligent and adequately exposed to literacy.

Specifically, as we will observe throughout this discussion, dyslexics perform very
poorly when asked to read irregular words or non-words. Obviously, these difficulties
are even more evident in languages with an ‘opaque’ orthography, as English, where
there is more than one possible mapping between a letter and its sound (consider the
pronunciation of the phoneme /a0/ in the words “so”, “road”, “bowl”, “though”...). In
these languages phoneme-grapheme correspondence rules are less reliable than in

transparent languages, such as Italian, where mappings between phonemes and
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graphemes are more regular and children have more chances to read properly both
regular and irregular words.

This cross-linguistic discrepancy can be held responsible for the different
percentages concerning the distribution of dyslexia that can be found across countries:
in Italy, in fact, it is argued that dyslexia affects 3-4% of the population®, whereas the
percentage raises to reach 15-20% in the USAZ. Of course, this discrepancy does not
imply that dyslexia is more widespread in one country than in another one; it simply
reflects the fact that it is more easy to detect reading difficulties in children whose
mother-tongue has an opaque orthography. On the contrary, the difficulties
experienced by those children whose mother-tongue has a transparent orthography
may go unnoticed.

However, although it appears that reading difficulties are the most central and
important problem exhibited by dyslexics, we will observe throughout the discussion
that reading failure is just one of the symptoms of dyslexia, which is definitely a more
complex and multifaceted disorder. Other frequently reported manifestations of
dyslexia are impairments in those speech processes which require both accuracy of
phonological processing and speed, such as picture naming tasks (Swan and Goswami
1997a), tasks tapping phonological awareness (Swan and Goswami 1997b), testing the
repetition of words and nonwords (Miles, 1993) and verbal working memory
performance (Nelson and Warrington 1980, Gathercole et al. 2006).

In section (1.3.3) we will also notice that dyslexic children exhibit a poor
performance in comparison to their peers in linguistic tasks assessing for instance the
comprehension of complex structures and the sensitivity to morphological errors.

Furthermore, | will review in section (1.4) some of the most influential studies
conducted on very young children at familial risk of dyslexia, that is children who have
at least one parent or sibling suffering from dyslexia and who are therefore genetically
more likely to manifest dyslexia as well. A number of interesting experiments designed
to assess linguistic competence in these children have revealed that the subjects who

have been later diagnosed as dyslexics were actually more impaired than their peers in

1 T .
www.aiditalia.org

2 .
www.dyslexia-usa.com
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tasks tapping phonological awareness, syntactic competence, sensitivity to
grammatical violations and rapid naming. Importantly, these findings suggest that it is
possible to recognize some precursors of dyslexia that will permit to identify the
disorder during the late preschool period and therefore prior to literacy instruction,
contrarily to what is generally believed.

For what concerns the etiology of dyslexia, instead, different theories have been
developed to explain the disorder throughout the last two centuries; in the second
chapter of this dissertation | will discuss the most well-known and influential ones, as
the Visual Theory, the Auditory Theory, the Magnocellular Theory, the Phonological-
Deficit Hypothesis and the Double-Deficit Hypothesis.

Taking into consideration both strengths and weaknesses of each proposal, | will
argue that none of them is able to capture adequately and completely the intricate
range of impairments shown by dyslexics and that all symptoms manifested by
impaired children seem to be due to a working memory inefficiency.

The experiments that | performed on dyslexic and normally achieving subjects
and that | will present in the following chapters aimed precisely to provide insights into
the question whether dyslexia is associated with a verbal working memory deficit. As
we will observe, the results of my experimental protocols point precisely in this
direction.

In the remaining part of this chapter, | would like to briefly introduce the topic: |
will first discuss the difficulty to find a comprehensive definition of developmental
dyslexia (section 1.2.); then | will illustrate the major manifestation of the disorder
(section 1.3.), devoting a special attention to the linguistic competence of dyslexic
children (section 1.3.3.). Finally, | will present the studies conducted on children at
familial risk of dyslexia, which show that it is possible to identify some precursors of

reading failure in very young boys and girls.
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On the difficulty to find a comprehensive definition of

Developmental Dyslexia

One of the major concerns of researchers studying developmental dyslexia is the

need to find a generally valid, accepted and all-embracing definition. Despite decades

of in-depth studies, there is, in fact, no universally agreed definition of dyslexia,

presumably due to the fact that the population of poor-readers in not homogeneous.

Consider the following attempts, elaborated through the years, to define

dyslexia:

(i)

(ii)

Developmental dyslexia is a disorder in children who, despite
conventional classroom experience, fail to attain the language skills of
reading, writing and spelling commensurate with their intellectual

abilities (World Federation of Neurology, 1968).

Developmental dyslexia is a specific impairment affecting the acquisition
of reading and spelling skills, despite adequate intelligence, opportunity
and social background, which occurs in absence of physical, neurological,

emotional and socio-economical problems (Vellutino 1979).

(iii) Developmental dyslexia, or specific reading disability, is defined as an

unexpected, specific and persistent failure to acquire efficient reading
skills, despite conventional instruction, adequate intelligence and socio-

cultural opportunity (American Psychiatric Association, 1994).

(iv) Dyslexia is evident when accurate and fluent word reading and/or

spelling develops very incompletely or with great difficulty, despite
appropriate learning opportunities — that is, learning opportunities which
are effective for the great majority of children. (British Psychological

Society, 1999).

26



An Introduction to Developmental Dyslexia

Maria Vender

Evidently, these much-quoted definitions of developmental dyslexia are far from
being sufficiently specific to capture the broad range of deficits experienced by
dyslexic people. At least two problems can be recognized in these definition: first, they
seem to regard reading (and spelling) failure as the only characterizing feature of
dyslexia, and secondly they are designed by exclusion, that is, excluding from the
dyslexic sample those individuals who display additional problems or conditions.

As we will observe throughout this chapter, in fact, reading disabilities cannot be
considered neither the necessary nor the sufficient symptom of dyslexia. On the one
side, in fact, there can be individuals who fail to be diagnosed as dyslexic although they
display poor reading, whereas, on the other side, it is not rare to meet people who
should be diagnosed as dyslexic because they manifest the wide range of impairments
typical of dyslexia, but that aren’t considered dyslexics since their reading and spelling
abilities are relatively spared. This is the case, for instance, of children whose mother-
tongue has a transparent orthography and whose reading difficulties may thus go
unnoticed.

As mentioned above, moreover, these definitions attempt to identify dyslexia by
exclusion, that is excluding from the population of dyslexics all those individuals whose
reading problems can be caused independently by physical or neurological problems,
or by a subnormal intelligence, or again by a lack of socio-cultural opportunities and
conventional instruction.

The exclusionary criterion adopted in these definitions has been object of
debate. On the one hand, it is justified since it has the purpose to identify a more valid
and pure research sample: reading difficulties, in fact, can also result from poor
instruction or physical impairments other than dyslexia, and therefore a diagnosis of
dyslexia would be more reliable, if reading disabilities occur in the absence of other
negative factors. On the other hand, however, it can be tricky to use this exclusionary
criterion: since, as nowadays generally accepted, dyslexia is a genetically inherited
disorder, it is in fact evident that it can occur at any level of intelligence, exposure to

instruction and socio-economical conditions. As a consequence, it would not be so
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correct to exclude from the dyslexic sample individuals who manifest the same
difficulties as dyslexics but have a lower intelligence or, above all, have received a
worse instruction or live in poor socio-economical conditions. This consideration led
some researchers to admit that dyslexia is simply easier to be diagnosed in those
subjects who are “intellectually, socially and educationally advantaged than in those
who are not” (Seymour 1986).

These unresolved controversies provide us with the evidence that research on
dyslexia is still undergoing a phase of rapid growth and that the exact locus of the
impairment causing the difficulties that characterize this disorder has not been
identified yet.

As we will see in the second chapter, different theories have been developed to
explain the etiology and the manifestations of dyslexia, even though none of this is
generally accepted.

However, it is necessary to underline that important and interesting steps have
been made: it has been demonstrated that dyslexia is genetically inheritable, that it
has a neurological basis and that the phonological competence is compromised in the
totality of the population affected by dyslexia.

Bearing all these aspects in mind, | will propose an alternative definition of

dyslexia, which will be outlined and discussed in Chapter 8.

In this work | will report the results of studies showing that dyslexia is mainly a
language-learning disability, which interferes with linguistic competence at different
levels. Moreover, | will present these considerations in a wider perspective, arguing
that dyslexia is definitely related to an impairment of the verbal component of working
memory.

Before presenting this hypothesis, | would like to introduce and discuss the major

manifestations of developmental dyslexia.
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1.3 Manifestations of Developmental Dyslexia

Developmental Dyslexia is a complex and multifaceted disorder. Although they
are the most evident and well-known symptoms of dyslexia, reading and spelling
difficulties constitute only the tip of the iceberg of the more widespread impairments
exhibited by dyslexic individuals. It has been ascertained, in fact, that their
phonological and, more generally, linguistic competence is remarkably poor, and that
they show great deficits in vocabulary and naming tasks. Moreover, dyslexic subjects
appear to be impaired in those tasks which require the automation of a skill and they
frequently present motor and attention deficits.

In the following paragraphs | will discuss thoroughly these impairments.

1.3.1 Reading difficulties

As discussed in the previous section, the poor development of reading skills is
one of the most studied impairments shown by dyslexic individuals.

Specifically, dyslexics’ difficulties seem to be due to a basic impairment in
learning to decode print, causing problems in word identification (Vellutino et al.
2004).

In order to understand why dyslexic children fail to acquire fluent reading, it can
be useful to take a closer look to the basic mechanism underlying this ability and to the
developmental stages that characterize its acquisition.

But, first of all, let us concentrate on the typical problems and errors shown by

dyslexic subjects in reading tasks.

1.3.1.1 Reading skills in developmental dyslexia

As evidenced by a great number of studies, dyslexic children exhibit a very slow,
inaccurate and effortful reading. Reading errors typically concern a poor capacity to

discriminate (i) similar graphemes which are differently oriented (e.g. “b” and “d”), (ii)
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similar graphemes which differ only for small details (e.g. “m” and “n”) and (iii)
graphemes that correspond to similar phonemes (e.g. “b” and “p”; “v” and “f”).

Moreover, dyslexics tend to substitute similar-looking, even if unrelated, words
in place of the right ones (e.g. “play” for “pay” , “what” for “that”, but also “republic”
for “publicity”).

Remarkable difficulties, moreover, arise when they are asked to read non-words,
whereas their reading is more accurate with frequent words.

However, as we have mentioned in the Introduction, it should be noted that
reading errors are more frequent in those languages which have an opaque
orthographic system, like English. A number of studies (Wimmer 1993, Wimmer and
Goswami 1994, Seymour et al. 2003) have in fact tested word and nonword reading in
dyslexic children across different languages: significantly, results demonstrated that
the accuracy rate was only 40% for English children at the end of Grade 1, whereas it
was close to ceiling for children speaking languages with a more consistent
orthography, such as German, Spanish and Italian.

Moreover, it has been found that the most sensitive variable when comparing
reading performance across languages is not reading accuracy, but rather reading
speed.

In a study by Ziegler and colleagues (2003), both German and English speaking
dyslexics have exhibited a marked speed deficit in comparison not only to
chronological age-matched children but also to reading age-matched children,
suggesting that dyslexia is characterized by a fundamental deficit that cannot be simply
ascribed to a general developmental delay.

Not surprisingly, moreover, dyslexics have manifested a striking word-length
effect, indicating that difficulties increase proportionally to the stimulus length.
Analyzing the stimulus length in both words and nonwords, the authors were able to
estimate the processing costs required by each additional letter, showing that it
increases dramatically in a linear fashion. The processing times needed to read long
words, in fact, were up to 11 times greater for German dyslexics and up to 7 times for

English dyslexics than for age-matched controls. Ziegler and colleagues argue that
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these findings suggests that dyslexics’ reading is extremely serial and letter-by-letter
based, whereas it is much more parallel for control children.

Summarizing, the main deficit exhibited by dyslexic children across countries
appears to be poor reading fluency, characterized by a decoding process extremely
slow and effortful. Moreover, dyslexics generally manifest great difficulties when asked
to read nonwords and unfamiliar words, their problems increasing proportionally to
the stimulus length. Finally, poor readers tend to commit errors revealing that they are
not obeying the orthographic-phonologic conversion rules and are often replacing
similar-looking but unrelated words instead of the meant one.

In the next paragraph, we will try to explain this kind of difficulties in the

framework of the Dual-Route Model.

1.3.1.2 A theoretical approach to reading: the Dual-Route
Model

To be a competent reader, one must be able to extract and construct meaning
starting from printed words; therefore, in order to understand what she reads, one
should be able to identify the words arranged in the text with the accuracy and fluency
necessary to allow the computation of its meaning.

During the last century a number of hypotheses and models have been
elaborated with the aim to represent how the brain processes reading. Currently, one
of the most well-known approaches to reading is the Dual-Route Model (Coltheart,
1985, Humphreys and Evett 1985), subsequently implemented in Coltheart’s Dual-
Route Cascade (DRC) Model (Coltheart et. al. 2001).

According to this model, there are essentially two distinct mechanisms
underlying the decoding and pronunciation of letter strings®: a lexical route and a
sublexical route. Despite the label dual-route model, a third route has been

subsequently added, referred to as the lexical nonsemantic route.

* | prefer to employ the expression “letter strings” instead of “words”, since the latter entails the
issue of access to meaning. The model, in fact, is principally concerned with the ability to decode
sequences of letters, such as non-words, independently from their meaning.
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The model is represented in Figure 1.1.

FIGURE 1.1 THE DUAL-ROUTE MODEL
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According to dual-route theorists, letter strings are first analyzed by the visual
analysis system, which identifies and groups letters together. Afterwards, words can
be read through a lexical or a sublexical route; generally, familiar words whose

phonological form has already been stored in the lexicon are read thorough the lexical
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route, whereas unfamiliar strings are read by the sublexical route. Let us see in detail

how these mechanisms provide the reader with the phonological form of the written

string.

(i)

(ii)

Lexical route: the lexical route treats each string as a whole, i.e. as an
indivisible unit. Words are recognized by accessing an entry in the
orthographic input lexicon, a sort of memory storage for all known words.
The orthographic input lexicon, then, feeds into the semantic system,
which contains word meanings and which in turn activates the
phonological form of the word stored in the phonological output lexicon.
Since the string is perceived as a whole, each letter being processed at
the same time, it is possible to say that this kind of mechanism processes
words in parallel rather than sequentially.

The lexical route is generally used to read already familiar words and it is
indispensable to decode idiosyncratic exception words, such as enough or
caveat, that cannot be pronounced properly relying simply on the

orthographic-phonological conversion rules.

Sublexical route: differently from the lexical route, the sublexical process
breaks down the string in its minimal components, resorting to a set of
conversion rules to retrieve the pronunciation of each unit. Basically, the
string gets first decomposed in smaller units (i.e. single graphemes,
subsyllabic components or syllables); then, every unit is pronounced
according to a set of context-dependent rules, dubbed orthographic-
phonological conversion rules®. Evidently, this mechanism processes
strings serially, considering each letter at a time, and it operates in a left-

to-right sequential manner.

4
| use

the expression “orthographic-phonological conversion rules” instead of “grapheme-

phoneme conversion rules”, since it is not always the case that single graphemes are translated into

sound units.
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The sublexical route is assumed to be required for the pronunciation of
nonwords or pseudowords, which are clearly not stored in the
orthographic input lexicon and do not have a lexical entry in the semantic
system. Nevertheless, this process can be used as well to read regular

words.

(iii) Lexical nonsemantic route: the existence of a third route has been
postulated in a second moment to account for the results of behavioral
studies conducted on patients suffering from dementia. In particular, the
patient W.L.P. could read correctly 95% of the words, comprising both
high and low frequency words as well as regular and irregular words,
although she could not understand the meaning of those words
(Schwartz, Saffran and Marin 1980). This and other similar cases point to
the existence of a third nonsemantic lexical route which connects directly
the orthographic input lexicon to the phonological output lexicon,

bypassing the semantic system.

Even though there are general tendencies, the choice of which route to use is not
necessarily determined by the nature of the stimulus to be read, but it may be, to
some extent, under the control of the reader. If irregular and exception words must
necessarily be read by the lexical route and nonwords by the sublexical route, in fact,
regular words can be read equally well using one route or the other.

Evidence for this model are provided by neuropsychological studies showing that
the routes may be selectively impaired. Cases of double dissociations have in fact been
reported.

There can be patients who can read properly both regular words and non-words
but are not able to read exception and irregular words, suggesting that they suffer
from an impairment to the lexical route which leads them to resort consistently to the

sublexical route.
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Conversely, other patients can exhibit problems when asked to read nonwords,
but are able to pronounce properly familiar regular and irregular words, indicating that
they can rely only on the lexical route.

The range of reading problems exhibited by dyslexics and reviewed above, seems
to suggest that both routes are impaired, at least to some extent, in dyslexic children.

The tendency to read better familiar and short words, may indicate that they
resort basically to the lexical route, perhaps relying on some visual features, as the
initial letters of the stimuli, to identify the word. This procedure, of course, is not
completely reliable and it constitutes a source of errors, as reflected by the frequent
tendency to confuse similar-looking words shown by dyslexics.

In other words, dyslexics exhibit a particularly poor performance when asked to
read nonword stimuli, but they can read definitely better highly familiar words (Bruck
and Treiman 1990, De Gelder and Vrooman 1991). This discrepancy seems to indicate
that dyslexics suffer from an impairment affecting the sublexical route of reading: as
we have observed above, in fact, the Dual-Route model predicts that nonwords cannot
be read through the lexical route, since they do not have a phonological
representation stored in the orthographic input lexicon. Nonwords, in fact, can be read
only through the sublexical route, applying the orthographic-phonological conversion
rules. Dyslexics’ inability to read nonwords seems thus to suggest that some aspects of
their sublexical route are damaged, preventing them from relying on conversion rules.

However, the lexical route cannot be always and efficiently used by dyslexics
children: the evidence for a slow, serial and effortful reading procedure reported by
Ziegler and colleagues suggests that in some cases dyslexics are forced to use the
sublexical route, which is arguably not working properly. It can be that knowledge of
the conversion rules required for a correct sublexical reading is damaged or
incomplete, or that the processing resources needed to complete the decoding and
pronunciation of the word surpasses the child’s abilities.

The intuition that dyslexics’ difficulties are linked to processing deficits is also

supported by the finding that longer words, which require higher processing resources,
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as reviewed above, are read much slower and worse by dyslexics than by normally
achieving children.

To summarize, results seem to indicate that dyslexics’ sublexical route is
impaired and, specifically, that they are not able to apply quickly and automatically the
orthographic-phonological conversion rules as the other children do. As a
consequence, their reading is slow and effortful and they commit phonological errors.

Alternatively, they can rely on the lexical route to read words which they
recognize as highly familiar: however, as we have seen, relying simply on gross visual

cues is often a source of confusion and mistakes.

1.3.1.3 The development of reading: Frith’s model of

learning to read

Learning to read is one of the most significant intellectual abilities that a child
will acquire in her lifetime. It can be interesting to concentrate on the acquisition of
this ability, which depends upon a number of distinct skills and may take several years
to be completely mastered.

Before a child starts to read, she generally has already some of the necessary
skills in place and she may have some basic concepts about print: for instance, she
knows that words have a written version — perhaps she is able to write her name or
some familiar and simple words — and she can also move her eyes to fixate the words
printed on the page. The child exploits this basic knowledge in learning to read.

One of the most influential model proposed to account for the acquisition of
reading proficiency has been developed by Frith (1986). According to this model, the

development of reading has to go through three main stages:

(i) Logographic stage: at this initial stage the child learns to read words as a
whole, treating them as single units. As a consequence, in this first phase
words are perceived as logos, or icons, and they are recognized on the
basis of some salient visual features. A typical example of a salient

feature is the first letter of the word, even though other letters can act as
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salient visual cues as well. Significantly, a word can be recognized
irrespective of the precise order of the letters composing it: a typical
example is reported by Coltheart (1986), who argues that in this stage a
child may recognize the logo “Harrods” both when the word is properly

written and when its letters are scrambled as in “Hrorads”.

Alphabetic stage: in this stage the child learns to decode a word into
single graphemes, acquiring and applying the regular correspondences
between graphemes and phonemes. Consequently, she learns the
mechanisms required to blend together sounds to evoke the target word
through the orthographic-phonological conversion rules. Therefore,
mastering this level, the child is able to establish direct mappings
between letters and sounds. Crucially, this ability rests upon her

underlying level of phonological skills.

(i) Orthographic stage: this final phase is accomplished when the child learns

to break down the word into syllables or morphemes, rather than
decoding it letter by letter. In this stage the child is able to analyze words
into orthographic units without the need to resort to a letter-by-letter
phonological conversion. Moreover, the orthographic strategy enables
instant word recognition, as the logographic strategy, even though not

merely relying on salient visual cues but rather on morphemes.

Note that in this model the development of reading is not simply the result of a
gradual and constant enhancement of the child’s skills; rather, qualitative changes
occur while moving from one stage to the other.

According to Frith, the reading difficulties shown by dyslexic children are caused
by the failure to successfully master the conversion rules that are normally acquired in
the alphabetic stage. Therefore, she argues that the mastering of the alphabetic stage

is critically impaired in dyslexic children, proposing that they are not able to attend the
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necessary “subtle and phonological analysis”. This impairment gives rise to problems in
applying conversion rules, thus causing the poor reading of non-words often detected
in dyslexia. Consequently, impairments at the alphabetic stage affect spelling abilities
as well, resulting in difficulties to properly represent sounds and to reproduce the
correct sequence of letters making up words.

This consideration permits us to draw some interesting parallelisms between
Frith’s model of the development of reading and the Dual-route proposal for the
cognitive mechanisms underlying reading (see section 1.3.1.2). Even though the two
models have been elaborated in different periods and for different purposes, it is
possible to find some correspondences between them. Specifically, the competence
acquired in Frith’s alphabetic stage rests on the same assumption underlying the
mechanism of the sublexical route in the Dual-Route Model. In both models, in fact, it
is necessary to acquire a set of orthographic-phonological conversion rules in order to
read irregular words or non-words. And, crucially, both hypotheses postulate that this
ability is impaired in dyslexic individuals, accounting for the difficulties which they
typically exhibit.

Frith, in particular, argues that the alphabetic strategy is a necessary
precondition for attaining reading skills and she suggests that its complete mastery is
not attained by dyslexic children, who may never reach a sufficient competence to
move on to the orthographic strategy. Dyslexics, in fact, do not develop the ability to
make quick and automatic links between the letters and their sounds.

However, it is important to bear in mind that dyslexic individuals may well reach
throughout their years a satisfactory level of reading and spelling skills that grants
them the possibility to cope with ordinary life.

In fact, in both models a compensatory strategy is allowed: even though their
sublexical route is impaired, dyslexic can read familiar words relying basically on the
lexical route in Dual-Route Model. Similar predictions are made by Frith, who argues
that compensatory strategies are allowed and expected since an earlier, mastered

stage is capable of a further development. Specifically, if a dyslexic is unable to master
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the alphabetic stage, compensation may “take the form of over-development of the
earlier strategy”, that is the logographic stage.

Another important parallelism that can be found between the two models
concerns the involvement of phonological skills, which are considered essential
requisites for the successful acquisition of reading and spelling competence.

In both theories, phonological skills are crucial for the acquisition of conversion
rules and the ability to read unfamiliar words or nonwords. In particular, Frith argues
that the unsuccessful attempt to master the alphabetic stage noticed in dyslexics is
due to the inability to carry out the necessary phonological analysis, which is also
responsible for the non-word reading deficit.

According to Firth, there is indeed strong evidence suggesting that the problems
manifested in the acquisition of reading skills are related to the ability to segment

words in speech sounds and therefore to the domain of phonology.

The main task that a child has to master, when learning to
read in an alphabetic system, is to understand how to represent
speech sound by letters and how to translate precisely between
written and spoken language. Syntax, semantics and pragmatics,
the other — hugely important — components of language

processing, do not come into this task. Only phonology does.

(Frith 1999, p. 202)

The centrality of phonological abilities as a founding deficit of dyslexia has been
postulated by a huge number of researchers and it has become the main issue of one
of the most accredited theories of dyslexia, the phonological deficit hypothesis, which

will be presented and discussed in the following chapter.
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To summarize so far, dyslexic children manifest great difficulties in the
acquisition of reading skills, which appear to depend on a phonological impairment

preventing them to learn and apply the phonologic-orthographic conversion rules.

1.3.2 Spelling difficulties

The inability to acquire properly spelling skills is the other major symptom
generally associated with developmental dyslexia.

In comparison to reading, spelling is further complicated by the fact that there is
often more than one possibility to write a word in a phonologically acceptable way
(e.e. “main” and “mane”), especially in languages characterized by phoneme-
grapheme inconsistencies, as English.

As evidenced by Caravolas and colleagues (2001), spelling is affected by a variety
of skills, as the familiarity with grapheme-phoneme correspondences, the ability to
recognize the letters of the alphabet and the knowledge about orthography derived
through reading. Moreover, they argue that proficient spelling demands, beyond
phonological skills, also attention, motor skills (in case of written spelling) and visual
memory.

Given that dyslexics exhibit poor phonological decoding and poor phonological
awareness, poor spelling is also expected, as predicted by Ehri (1991, 1997), who
argues that spelling is inextricably linked to reading development.

Bourassa and Treiman (2003) tested both oral and written spelling performance
of 30 dyslexic children (mean age 11 years and 1 month) and 30 spelling level matched
younger children (mean age 7 years and 5 months). They found that dyslexic children
performed at the same level of younger children, producing the same kind of spelling
errors. The misspellings produced by both groups of children were generally
reasonable and linguistically motivated. Similar findings have been reported by Friend
and Olson (2008) who tested 77 pairs of children, each including one older child with

spelling disability and one spelling-level-matched younger child with normal spelling
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ability. As Bourassa and Treiman, they found that impaired children’s error were very
similar to that of younger controls.

Typical misspellings included the omission of the second consonant in a complex
cluster (“trip” spelled as “tip”), the omission of double consonants (e.g. “dinner” as
“diner”), the confusion of graphemes corresponding to similar phonemes (e.g.
“tomato” spelled as “tomado”) and irregular spellings (e.g. “packed” as “packt”).
Significantly, although dyslexic children were on average more than 3 and a half years
older than control children, they produced the same kind of errors, making it
impossible to distinguish between the two groups.

Interestingly, then, Bourassa and Treiman found that both groups of children
tended to represent words better than nonwords, suggesting that they were making
use of orthographic strategies to retrieve the visual shape of the intended word.
Obviously, in fact, it is not possible to resort to visual aspects to recover the spelling of
an invented stimulus, whence the greatest difficulty found when nonwords were
tested. This finding can be interpreted within the framework of the Dual-Route Model,
offering interesting parallelisms with reading. As observed in the previous section,
dyslexic children appear to rely more heavily on the lexical route for reading, retrieving
the phonological form of the word from the orthographic input lexicon, which stores
the spoken forms of familiar words. Given that dyslexics are more impaired with the
spelling of nonwords, it seems plausible to assume that they adopt a similar strategy,
recovering the visual form of the words from a phonological input lexicon,
corresponding to the orthographic input lexicon, which is linked to an orthographic
output lexicon, and storing the written forms of words. Postulating the existence of a
lexical route for spelling, similar to the lexical route of the Dual-Route Model, permits
to explain why dyslexic children, as well as younger children who have just started
acquiring literacy, are better at spelling familiar and frequent words, whereas they are
particularly poor at spelling nonwords.

As predicted for reading, than, it seems that the sublexical route, which relies
heavily on orthographic-phonological conversion rules, is particularly weak in dyslexic

children.
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1.3.3 Language deficits

As we have anticipated in the introduction, language deficits are consistent and
widespread in developmental dyslexia. Impairments are particularly severe in the
domain of phonology, but also in the domains of morphology, syntax and semantics;
significant differences between dyslexics and unaffected people concern also

vocabulary development and lexical retrieval.

1.3.3.1 Phonological deficits

It is now well known that phonological deficits are very widespread in the
dyslexic population; illuminating in this respect is the study performed by Ramus et al
(2003) revealing that 100% of dyslexic suffer from phonological impairments.

The most distinctive phonological feature exhibited by dyslexics is the very poor
phonological awareness.

Phonological awareness can be defined as a metalinguistic skill concerning the
individual’s conscious knowledge of the phonological structure of words, that is of the
precise sequence of sounds making up words. As it is generally agreed by researchers
(see also sections 1.3.1 and 1.3.2), phonological awareness skills are necessary to
accomplish reading: the decoding of words, in fact, demands the knowledge of their
internal structure, since it involves linking graphemes to phonemes. Typical tasks
testing phonological awareness require the subject to identify the initial, final or
middle sound of words, to detect and produce words that rhyme, to segment words
into syllables and sounds, to blend syllables and sounds into words, and to delete or
substitute syllables or sounds in words.

A compelling body of evidence, indeed, confirms that dyslexics perform very
poorly in phonological tasks and that their phonological awareness is significantly low,
suggesting that their difficulties in analyzing the sound structure of words are
responsible for their incapacity to acquire the systematic correspondences between

orthography and phonology.
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Consistently, studies have demonstrated that children with poor phonological
awareness are generally poor at reading, whereas children with a higher phonological
awareness are more proficient readers; conversely, poor readers are significantly
impaired in phonological awareness tasks (Snowling 1995; Blachman, B. A. 1994, 1997,
2000; Rispens 2004).

Interesting insights come also from studies conducted on preschool children at
familiar risk for dyslexia: in a longitudinal research Rispens (2004) reported that at-risk
children performed more poorly than their peers on tasks tapping phonological
awareness and letter knowledge. After one year of reading instruction the results were
re-examined and it appeared that the children who did not manifest normal reading
progress were the ones who had shown the worst performance.

A strong correlation between phonological awareness and letter knowledge has
been reported also by other researchers (Bowey 1994; Johnston et al. 1996; De Jong
and Van der Leij 1999).

Moreover, remediation studies have shown that facilitating phonological
awareness and orthographic-phonological conversion through direct instruction
enhances performance in reading and spelling (Torgesen et al. 1999, 2001). In
particular, Bus and Van ljzendoorn (1999) conducted a meta analysis of experimental
training studies and reported that improvement was higher when phonological
awareness was trained in parallel with letter-sound correspondences.

Such findings have led researchers to argue that the impaired phonological
competence showed by dyslexic children is the most influential cause of their reading
and spelling deficits (Rack et al. 1992).

Notice that poor phonological awareness can also account for the non-word
reading deficit typically detected in dyslexic individuals: the ability to read nonsense
pronounceable words, in fact, depends strongly on phonological processes and
consequently on phonological awareness.

This claim is also supported by findings showing that nonwords reading is highly
predictive of reading proficiency. In particular, dyslexic children perform more poorly

than younger children matched for reading-age: Rack et al. (1992) reviewed 10
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different studies involving a total of 428 dyslexics ranging from 8;5 years old to 13;2
years old and testing nonwords reading accuracy. Significantly, results show that
dyslexics performed remarkably worse than reading-level matched normal readers,
who ranged from 1;3 years to 5 years younger than them.

Furthermore, a number of researchers investigated the phonological coding in
dyslexic children, administering speech perception and production tasks. Results
showed that dyslexics perceived phonetic boundaries less sharply than normal readers
did (Manis et al. 1988; Adlard and Hazan 1997) and that they were worse than controls
in the verbal repetition of both high and low frequency words and, especially, non-
words (Brady et al. 1983, Elbro 1997).

As the reader may have observed, in the experiments reviewed here
phonological deficits have been typically assessed using metalinguistic tasks, relying
basically on phonological awareness skills. A different perspective have been adopted
by Desroches and colleagues who pursued a novel approach, measuring phonological
competence using eyetracking. In their experiment, subjects were instructed to look at
named items that were presented in a visual display, which contained the target item
(e.g. candle), a cohort competitor which shared the initial syllable of the target items
(e.g. candy) and/or a rhyme competitor (e.g. sandal). Results demonstrated that both
dyslexics and age-matched control children showed lower recognition rates when a
cohort competitor was present, suggesting that they were sensitive to this
phonological overlap. Significantly, however, only control children showed slower
fixation rates in presence of the rhyme distractor, whereas dyslexics did not,
performing as fast as in the baseline condition, where no distractors were introduced,
and thus demonstrating that they were not sensitive to the presence of rhyme
competitors. This findings indicates that dyslexics are less sensitive than controls in
detecting rhyming relationships among words and, consequently, that they are less
sensitive to phonological suprasegmental information.

Moreover, Paulesu et al. (2001) performed an interesting study to test both
reading and phonological competence in English, French and Italian adult dyslexics. As

expected, they found that Italian subjects were less impaired than French and English
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subjects on reading test, due to the greater transparency of their orthographic system.
However, ltalians performed worse than controls and as poorly as English and French
dyslexics in all phonological measures (i.e. word and nonword reading speed, digit
naming, short-term memory and spoonerisms), giving further support to the idea that
dyslexia is associated with a phonological deficit, which appears to persist across
languages and orthographic systems. Moreover, differences between the three groups
of dyslexics and the respective groups of controls have been confirmed with the PET
technique, showing a significantly greater activation for controls in the left
hemisphere, with the maximum peak in the middle temporal gyrus. No areas of
significantly greater activation, instead, have been found in dyslexics in comparison to
controls (for through discussion on neurobiological studies on dyslexia, see section
1.5.).

To summarize, dyslexic children manifest great and widespread difficulties in the
domain of phonology affecting their phonological awareness, which are persistent
across age and languages and which are also reflected by different neural circuits

activation.

1.3.3.2 Vocabulary development and lexical retrieval

Vocabulary deficits and word-finding problems are often reported in the
literature on dyslexia and they are frequently referred to as early predictors of later
reading achievements. In particular, dyslexic children’s vocabulary has been found
underdeveloped in comparison to that of age-matched typically developing children.
Moreover, poor readers displayed a significant word-length effect (i.e. the longer the
word, the poorer the performance) and a frequency effect (i.e. the lower the
frequency of the word, the poorer the performance) (Wolf and Obregon 1992).

Interestingly, vocabulary knowledge in preschool children has been also found
predictive of early reading achievements (Scarborough 1990, Snowling et al. 2003).

However, the most interesting research on this topic concerns the performance

shown by dyslexics and unaffected individuals in rapid naming tasks.
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The focus on naming speed deficits originally stems from the work implemented
by Denkla (1972) and Denkla and Rudel (1976a, 1976b), who created the Rapid
Automatized Naming (RAN) tests to measure serial speed naming.

In the RAN tests subjects are asked to name as quick as possible visually
presented stimuli such as alphanumeric characters, colors, and drawings of simple
objects.

This rapid naming tasks has been administered to dyslexic individuals obtaining
interesting results. A huge body of evidence, in fact, demonstrates that both children
and adults suffering from dyslexia are significantly slower than unaffected subjects on
all RAN measures. In particular, Denkla and Rudel found that dyslexic children across
age and languages were slower at picture naming not only in comparison to age-
matched control, but also to reading age-matched control.

An early poor performance in rapid naming tasks can also predict later reading
difficulties, as shown firstly by Wolf, Bally and Morris (1986) and confirmed by more
recent studies reporting a high correlation between naming speed and reading
performance (Manis et al. 1997).

Moreover, naming deficits persist also in adolescence and adulthood, as shown
by Wolff and colleagues (1990), who reported digits and letters naming deficits in adult
dyslexics.

In an interesting study, Fawcett and Nicolson (1994) analyzed three groups of
dyslexic children aged 8, 13 and 17 years old, comparing their performance to the
performance shown by three groups of typically developing children matched for age
and 1Q, and a group of 10 years old children of children with mild learning difficulties
(full 1Q comprised between 70 and 90) matched for reading age with the 8 years old
dyslexics. Subjects were asked to rapidly name objects, colors, digits and letters.
Results showed that dyslexic children were significantly slower at naming colors, digit
and letters in comparison to age-matched control children, whereas they performed as
younger but reading age-matched controls. Remarkably, they showed a significantly
poorer performance also in comparison to reading-age-matched controls when asked

to rapidly name pictures. Specifically, 17-year-old dyslexics performed only at the level
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of 8-year-old controls in letters and pictures naming, suggesting that the naming
deficits are persistent and very severe.

The 10-year-old slow learners, instead, performed as 8-year-old dyslexics,
compatibly with their reading age.

As the authors suggest, the longer latencies shown by dyslexics across age seem
to reflect a less automatic or less efficient lexical access or an impaired lexical retrieval
or assembly of the sequence of phonemes making up words.

Another interesting aspect to reflect on is the greater difficulty shown by
dyslexics when they are asked to rapidly name pictures of simple objects, in
comparison to colors and alphanumeric stimuli. Presumably, this can be due to the fact
that there is a limited number of colors, digits and letters, whereas in the case of
objects the number of possible alternatives increases radically. Dyslexics’ slowness,
then, seems then to increase proportionately to the number of possible responses,
suggesting that the deficit affects the amount of processing required, more than the

speed of reaction.

1.3.3.3 Grammatical deficits

More recently, a number of studies have demonstrated that linguistic deficits in
dyslexia are not confined to the domain of phonology, but that they affect grammatical
competence as well, influencing dyslexics’ performance in tasks tapping morphology,
syntax and semantics.

The correlation between syntactic or grammatical ability and reading proficiency
was originally suggested by Fry, Johnson and Muehl (1970), who reported that poor
readers produced significantly less complex constructions that their peers, as it was
further confirmed by Muter and Snowling (1998), who found that grammatical
competence in early childhood was predictive of reading achievements. The same
consideration was supported also by Bishop (1991), who carried out a series of
researches pointing to the existence of a correlation between semantic and syntactic

abilities and reading problems.
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In this section | will report the results of some of the most interesting
experimental studies administered to test dyslexic children’s grammatical competence
comparing their performance to the performance shown by chronologically age-

matched or reading age-matched typically developing children.

1.3.3.3.1 Dyslexia and the Interpretation of Tough Sentences

One of the most discussed proposals about the causes underlying development
dyslexia focuses on the phonological weaknesses exhibited by poor readers and
maintains that they are also responsible for the other impairments characterizing the
disorder.

According to this hypothesis, that will be thoroughly discussed in Chapter 2, even
syntactic difficulties can be traced back to a deficient phonological ability. To test this
hypothesis, Byrne (1981) conducted an interesting experiment assessing good and
poor readers’ interpretation of the English though constructions, reported in (1), which
are characterized by having a very similar phonological structure but a completely

different underlying syntactic structure.

(1) a. The snake is glad to bite.
b. The snake is hard to bite.

c. The snake is horrible to bite.

As you may have noted, the surface parsing of the three sentences is identical,
but the underlying grammatical relations differ: in (1a) the snake is both the surface
subject and the logical subject of the action of biting. This type of sentence is classified
by Byrne as S-type construction, since the adjective glad can only yield a subject
interpretation.

In (1b), instead, the snake is the surface subject but it is not the underlying
subject of the infinitive verb to bite. In this sentence the snake is, in fact, the object of
the action of biting. This construction is called O-type since an adjective like hard can

only yield an object interpretation.
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Sentence (1c), finally, is labeled A-type, since it is ambiguous: the adjective
horrible, in fact, can yield both a subject and an object interpretation.

Acquisition studies have demonstrated that O-type constructions are more
difficult to interpret than S-type constructions: specifically, young children are not able
to process the more complex structure of O-type sentences and they tend to treat the
surface subject as if it was the logical subject (Chomsky 1969; Cromer 1970).

The higher complexity of (1b) is due to the presence of two linguistic
dependencies to be computed. It is argued, in fact, that the role of the subject is
carried out by an arbitrary PRO, which is not phonetically realized and which gets a
generic interpretation (Chomsky 1980). While processing (1b), then, the human parser
must compute first the linguistic dependency between the silent subject PRO and the
verb to bite and secondly the one between the object the snake and the verb to bite.
While processing (1a), instead, the parser must simply compute the dependency
between the subject the snake and the verb to bite.

Bearing this in mind, we can now consider the experiment performed by Byrne,
who tested S-type, O-type and A-type constructions in good and poor readers. The
subjects who took part to the experiment were 24 dyslexic children (mean age 7;11)
and 20 typically developing children (mean age 7;7). As for the methodology, an act-
out task was used: participants were presented with the target sentences and then
they were asked to act it out using hand-puppets.

The results revealed that all children showed a perfect competence of S-type
constructions, but that dyslexic children made significantly more errors with O-types
sentences in comparison to control children. Moreover, poor readers manifested a
marked tendency to interpret ambiguous sentences (i.e. A-type constructions) as S-
type, whereas on the contrary good readers tended to interpret them as O-type.

Summarizing, dyslexic children performed differently from their peers,
interpreting more frequently the surface subjects as logical subjects. Interestingly, they
displayed the same behavior observed in young children, suggesting that their
linguistic competence is less mature, or that their processing resources are more

limited.
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1.3.3.3.2 Dyslexia and the Interpretation of Pronouns

The interpretation of pronouns by dyslexic children has been investigated in an
interesting study, presented by Waltzman and Cairns (2000) and revealing that poor
readers are remarkably more impaired than good readers in the interpretation of
pronouns.

Before we consider the experimental protocol and its results, it can be useful to
remind the linguistic principles underlying the computation of the sentences tested by
the authors.

According to the Binding Theory formulated by Chomsky (1981), three different
principles determine the possibility or impossibility for anaphors, pronouns and

referential expression® to be bound in their minimal domain, as reported below.

(2) Binding Theory

Principle A: An anaphor is bound® in its governing category’.

> According to the Principle B of the Binding Theory formulated by Chomsky (1981), Nominal
Phrases are divided in three categories:

(i) Anaphors, which include reflexive pronouns (such as myself, herself, itself...), reciprocal
pronouns (such as each other) and NP-traces.

(ii) Pronouns, which comprise personal (he, she...) and possessive (his, her...) pronouns.

(iii) Referential expressions (R-expressions), which are all other nominal expressions that can

choose a referent and that have an independent semantic content (Lisa, the queen of
England, a baby...).

The main difference between the first two classes and the third one is precisely that R-
expressions have an independent semantic content, while anaphors and pronouns depend for their
interpretation on the denotation of other elements in the sentence or in the discourse context. In other
words, in order to be able to interpret them, it is necessary to retrieve their semantic content from the
context.

® The traditional definition of binding is reported below:
Binding
a binds B if and only if
(i) o and B are coindexed,
(i) o c-commands B.

The notion of c-command, instead, is defined as follows:
C-command

o c-commands a node B if and only if

(i) o does not dominate B,

(ii) B does not dominate a,

(iii) the first node dominating a also dominate
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Principle B: A (non-reflexive) pronoun is free (i.e. it cannot be bound) in
its governing category.

Principle C: A referential expression must be free everywhere.

Principle A states that anaphors (i.e. reflexives and reciprocals) must be
coindexed with a c-commanding antecedent within their local domain. For instance,
the sentence in (3a) is grammatical, since the reflexive herself is coindexed with the NP
Lisa, and thus it is interpreted as a bound variable. (3b), instead, is ruled out by
principle B, being the pronoun her coindexed, and hence bound, by the R-expression

Lisa in its governing category.

(3) a. Lisaj admires herself;.

b. *Lisa; admires her;.

Principle B states that a pronominal expression must be free in its governing
category; hence, it cannot be bound nor coindexed with a c-commanding antecedent.

The sentence reported in (4a) is acceptable according to Principle B, because the
pronoun is not bound in its local domain; on the contrary, (4b) is ruled out because the

pronoun her is bound and coindexed with the R-expression Anna.

(4) a. Annaj admires her;.

b. *Anna; admires her;.

Finally, Principle C asserts that a referential expression can never be bound. In
(5a) and (5b), Principle C is violated since the NPs are bound by their antecedents.

Sentence (5c¢) instead is correct, being the R-expression Lisa free.

’ The governing category of a is the minimal clause containing a-governor and an accessible
subject, where a is an accessible subject if the co-indexation of a and a does not violate any
grammatical principle.
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(5) a. *Shejadmires Anna;.
b. *She;thinks that Anna admires Lisa;.

c. Anna admires Lisa.

Language acquisition studies have shown that children obey Principle A and C
from around age 4, but that, quite surprisingly, they violate Principle B even after age 5
and 6, accepting as grammatical sentences like (4b) around 50% of the times. This
phenomenon is known as the “Delay of Principle B Effect” and it is reported in a variety
of languages, such as English (Chien and Wexler, 1990), Russian (Avrutin and Wexler,
1992) and Dutch (Philip and Coopmans, 1996).

Interestingly, the experiment performed by Waltzman and Cairns on dyslexic
children yielded the same results obtained in previous acquisition studies. Poor
readers, aged 8 years and 7 months, were remarkably more impaired than age-
matched good readers in the condition testing Principle B, accepting a sentence like (b)
in a context in which Anna admires herself.

As younger children, instead, they performed adultlike in the conditions testing
Principle A and C.

This parallelism between acquisition findings and Waltzman and Cairns’
experiment indicates again that dyslexic children behave as preschool children in tasks
testing their interpretation of pronouns and that their grammatical competence is
impaired or, more likely, that it is yet immature.

To explain children’s violations of Principle B, Grodzinsky and Reinhart (1993)
argue, in fact, that their difficulties arise from the immaturity of their pragmatic and/or
general processing system. Grodzinsky and Reinhart state that this behaviour cannot
be explained from a syntactic point of view, but rather they claim that children’s failure
is determined by the complexity of the processing required by Rule | (Intransentential

Coreference).

Very briefly, Rule | has been proposed to account for those cases in which a

pronoun receives an interpretation which should be excluded by the Binding
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Principles. In (6), in fact, Principle C is violated, since the R-expression Oscar, which

should be free, is instead coindexed with the pronoun he.

(6) Everyone has finally realized that Oscar is incompetent. Even he has

finally realized that Oscar is incompetent.

According to Reinhart and Grodzinsky, this coreferential reading is obtained by

means of Rule |, reported below.

(7) Rulel
a and 3 cannot be covalued in a derivation D, iff
a. o c-commands 3
b. o cannot bind® B in D, and
c. The covaluation interpretation is undistinguishable from what would be
obtained if a binds .
[To check ¢, construct a comparison-representation by replacing 3, with a

variable bound by a/].

Rule | entails that if just one of these three clauses is violated, coreference is
possible. Specifically, in (6) the first and the second conditions are satisfied, since he c-
commands Oscar and he cannot bind Oscar (given that Oscar is not a free variable). To
check clause (c) a comparison-representation should be constructed by replacing B (i.e.

Oscar) with a variable bound by a, as shown below:

(8) Even he has finally realized that Oscar is incompetent.
Covaluation: Only he (Ax (x thinks that Oscar is incompetent) & he = Oscar

Binding-comparison: Only he (Ax (x thinks that x is incompetent) & he =

Oscar

® Here the term binding refers to logical instead of syntactic binding, which is defined by Reinhart
as follows: o binds [ if and only if o is the sister of a A-predicate whose operator binds p.
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In other words, the coreferential interpretation of (6) is obtained because clause
(c) is violated: the property of believing Oscar incompetent, in fact, is not equivalent to

the property of believing oneself incompetent.

Let us now consider the procedure required to establish whether (4b) is
grammatical or not. The first and the second conditions of Rule | are respected, since
her is c-commanded by Anna but it cannot be bound by the NP (since the pronoun
must be free in her governing category). Therefore, it is necessary to construct a

comparison representation, reported below.

(9) Anna admires her.
Covaluation: Anna (Ax (x admires her) & her = Anna

Binding-comparison: Anna (Ax (x admires x)

Since the two readings obtained respectively by covaluation and binding are
equivalent and thus undistinguishable, clause (c) is satisfied too and the coreference
derivation is filtered out.

Following this procedure through the three steps involved, you may have noted
that the computation required to process Rule | is quite complex and thus very
expensive in terms of working memory resources.

In particular, it has been argued that the most demanding step is the third one,
requiring the construction of the comparison representation. This stage, in fact,
requires to construct, keep in memory and compare two different representations in
order to establish which is the correct one, an operation known as Reference-Set
Computation, which has proven to be especially challenging for children (see Chapter 5
for more details).

While processing Rule |, for instance, children are asked to hold the sentence in

memory and, at the same time, to construct two representations, the one for variable
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binding and the other for covaluation. Finally, they have to compare them and to
decide if they are distinguishable or not.

According to Grodzinsky and Reinhart, Rule | is innate and children do know
precisely what they have to do, but the need to hold and compare two distinct
representations at the same time exceeds their processing abilities. Hence, they get
stuck during the execution of the task, they are forced to give up and thus they try to
guess, as demonstrated by the chance-rate performance reported in experiments
testing the mastery of Principle B.

To summarize, the work by Waltzman and Cairns demonstrates that dyslexic
children show an adult competence in assigning the correct reference to anaphors and
referential expressions, correctly applying Principles A and C of the Binding Theory,
whereas they are considerably impaired when they have to interpret pronouns whose
reference assignment is governed by Principle B. Interestingly, dyslexics seem to
replicate the behaviour of young children, who manifest exactly the same tendency.
This finding can be explained, following Reinhart and Grodzinsky, arguing that pronoun
interpretation is governed by Rule I, whose computation is very demanding in terms of
processing resources. Young children’s and dyslexics’ behaviour seems to point to a
lack of the processing resources required to accomplish this task.

An inefficient working memory has been held responsible also for the results
reported by Fiorin (2010), who tested dyslexic and control children’s performance with
ambiguous sentences, like the one in (10), where the pronoun “his” can be interpreted
as referring both to the NP Francesco himself and to the NP every friend. Both variable

binding and coreferential readings are indicated.

(10) Every friend of Francesco painted his bike.
Binding: For every x, if x is a friend of Francesco, then x painted x’s bike
Coreference: For every x, if x is a friend of Francesco, then x painted

Francesco’s bike

55



Chapter 1

Maria Vender

In Fiorin’s experimental protocol the subject was told a short story at the end of
which a puppet uttered the target sentence. The participant’s task was to decide if the
puppet described correctly what happened in the story. There were two experimental
conditions. For instance, in Condition A the experimenter told the subject that two of
Francesco’s friends painted both their own bike and Francesco’s bike, whereas the
third friend painted only his own bike. In condition B, instead, two out of three boys
painted both their own bike and Francesco’s one, whereas a third boy decided to paint
only Francesco’s bike.

At the end of the story, the puppet uttered the target sentence in (10) and the
subject had to decide if it described the story correctly or not. Note that both
judgments are correct, since (10) is ambiguous. However, the subject’s response
reveals which strategy she used to interpret the sentence, that is if she chose the
variable binding reading, or rather the coreference reading.

If (10) is judged correct in Condition A, it is possible to infer that the subject
interpreted his as referring to every friend of Francesco, that is, that she adopted a
bound-variable reading. If (10) is judged correct in Condition B, instead, this entails
that the subject chose the coreference reading, since she interpreted his as referring to
Francesco.

Fiorin administered the experiment both in Italian and in Dutch: the subjects of
the Italian group were 18 dyslexic children (mean age 9;4) and 20 age-matched control
children (mean age 9;2), whereas the Dutch group was composed by 10 poor readers
at familiar risk of dyslexia (mean age 8;4), 22 good readers at familiar risk of dyslexia
(mean age 8;4) and 17 good readers non at-risk of dyslexia (mean age 8;4).

Results showed that both Italian dyslexic children and Dutch poor readers
displayed a constant tendency to assign the same interpretation to most or all
experimental items, choosing constantly the variable binding or the coreferential
reading. Italian control children and Dutch good readers (both at-risk and non at-risk),
instead, did not manifest this tendency and performed at individual chance level.

To explain this difference, Fiorin observes that dyslexics and poor readers were

able to access both interpretations, but that they tended to stick to the same
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interpretation due to their limited processing resources. Specifically, he proposes that
dyslexics assigned to the target sentence the same interpretation chosen for the
preceding one in order to avoid the process of resolving the ambiguity of the sentence,
and in particular the reference-set computation required to resolve it, which is, as
argued above, very demanding in terms of processing resources.

To summarize so far, both the experiment conducted by Waltzman and Cairns
and that administered by Fiorin show that dyslexics display a different performance in
comparison to normally achieving children, presumably due to their limited processing
resources. In Waltzman and Cairns experiment, they displayed an impaired ability to
interpret properly pronouns according to Principle B of the Binding Theory,
performing as younger children. In Fiorin’s experiment, instead, they tended to
interpret ambiguous sentences sticking consistently to the same strategy, suggesting
that they were trying to avoid the processing cost required to apply the reference-set

computation.

1.3.3.3.3 Dyslexia and the Interpretation of Relative Clauses

The comprehension of relative clauses has been investigated in a number of
studies revealing that poor readers have more difficulties than good readers (Mann et
al. 1984, Bar-Shalom et al. 1993) and that their performance resembles that shown by
younger children (Sheldon 1974).

Four main types of relative clauses can be distinguished: (i) Subject-modifying-
subject clauses (SS), (ii) subject-modifying-object clauses (SO), (iii) object-modifying-
subject clauses (0S) and (iv) object-modifying-object clauses (00). An example for

each type of relative clauses, taken from Stein et al. (1984), is reported below:

(11) a. SS: The lion that hits the bear__rolls the ball.
S S
b. SO: The bear that the lion hits__rolls the ball.
S o
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c. OS: The lion hugs the bear that__rolls the ball.
o S
d. O0: The bear bites the lion that the ball hits__
0 0

It is important to note that one of the syntactic features characterizing relative
clauses is the presence of a superficially missing noun phrase, which is not phonetically
realized. Consider for instance (11c): to understand correctly this sentence the hearer
must first recognize that there is a phonetically empty noun phrase in the subject
position of the relative clause, and then she must interpret it as coreferential with the
overt object noun phrase the bear in the main clause. This computation is arguably
quite difficult for young children, as confirmed by acquisition studies showing that SS
clauses are acquired before OO clauses, which are in turn acquired before SO and OS
clauses (Sheldon 2004).

The same reasoning seems to be valid also for dyslexic children, who appear to
have troubles with the interpretation of SO, OS and OO relative clauses, as
demonstrated by Mann et al. (1984) who tested poor and good readers’ competence
by means of an act-out task. To explain dyslexics’ poor performance, the authors refer
to the concept of working memory, arguing that their limited phonological memory
hinders their language comprehension.

In a subsequent study, Smith et al. (1989) performed a slightly different
experiment, analyzing the same relative clauses but inserting them in more felicitous
contexts. The authors proposed two methodological changes to verify if the decreased
load on working memory had an effect on dyslexics’ performance. First, they reduced
the number of NPs mentioned in the sentence from three to two, and secondly they
satisfied the presupposition associated with relative clauses, which states that
restrictive relative clauses are felicitous only when more than one object
corresponding to the relativized element is present in the context. For instance,

sentence (12) is not uttered felicitously when there is only one girl in the context.

(12) The boy kissed the girl that was wearing a red dress.
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Stein and colleagues demonstrated that dyslexic children performed as well as
control children when the context of utterance was manipulated, suggesting that their
difficulties with the experimental settings provided by Mann et al. were due to the

infelicity of the context.

Relative clauses have been further tested by Bar-Shalom et al. (1993). In their
experiment, again an act-out task, the authors adopted only one of the two
methodological changes introduced in Stein and colleagues’ study, reducing the
number of animate NPs from three to two, but without satisfying the presupposition
of the relative clause contained in the test sentence (i.e. there was only one character
corresponding to the relativized NP). This choice was motivated by the need to
determine which one of the two modifications was responsible for dyslexics’ enhanced
performance reported in Smith et al.’s paper.

In addition, Bar-Shalom and colleagues tested also production, elicitating relative
clauses to verify if dyslexics’ problems were confined to comprehension or whether
they extended to production as well.

Results revealed that dyslexics were significantly worse than controls on SO, OS
and OO relative clauses, as found by Mann et al.: this finding indicates that reducing
the number of NPs is not sufficient to eliminate poor readers’ problems, which appear
to be rather due to the pragmatic infelicity of the context of utterance.

Moreover, the results of the elicitation task showed that dyslexics were able to
produce relative clauses, indicating that their competence was intact, even though
they produced less SO relatives in comparison to controls, preferring to passivize.
Specifically, they uttered (13a) instead of (13b), arguably due to the higher complexity

of the SO clause.

(13) a. The salesman that was met by the doctor departed.

b. The salesman that the doctor met departed.
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Discussing these results, Bar-Shalom and colleagues argue that dyslexics’
difficulties with relative clauses are mainly due to pragmatic rather than to syntactic
factors. As their peers, in fact, poor readers have intact competence of relative clauses,
but manifest problems when the sentences are uttered out of an appropriate context.
In particular, the authors propose that the absence of the extra character, which would
satisfy the presupposition required by restrictive relative clauses, forces the subject to
augment their mental model to accommodate the unsatisfied presupposition. This
extra computation necessitates of additional working memory resources and it is
therefore responsible for dyslexics” and young children’s errors.

Keeping in mind this consideration, it remains, however, unexplained why both
poor readers and preschool children perform better with SS clauses and manifest the
greatest difficulties with object-extracted relative clauses, i.e. OS and OO clauses.

This problem is successfully handled by Gibson (1991, 1998), who supports one
of the most successful approaches to sentence comprehension, arguing that the online
computation of an utterance involves the temporary storage of the partial information
obtained with the comprehension process, in order to allow the human parser to
compute the necessary linguistic dependencies between the elements in the sentence.

Let us see how the human parser computes each kind of relative clause we have

examined.
(14) a. SS: The lion that___ hits the bear rolls the ball.
In (14a) the presence of the complementizer that informs the parser that the
relativized NP the lion is the argument of an embedded verb and that therefore it must
be temporarily stored. When the parser finds the embedded verb hits the NP the lion is

retrieved from memory and analyzed as the subject of hits.

b. SO: The bear that the lion hits___rolls the ball.
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In (14b) the complementizer signals again that the bear must be stored, waiting
for the embedded verb. However, the parser encounters first the NP the lion, which
must also be stored, since it is expected to be the subject of the embedded verb.
Finally, when the parser finds hits, both NPs must be retrieved and analyzed

respectively as the object and the subject of the embedded verb.

c. OS: The lion hugs the bear that___rolls the ball.

In (14c) the bear is stored until the verb rolls is encountered by the parser.

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

In (14d) both NPs the lion and the ball are stored until the parser finds the
embedded verb hits. They must then be retrieved and analyzed respectively as the

object and the subject of the embedded verb.

Given the computations performed by the parser, therefore, it can be argued
that relative clauses involving object extraction (e.g. SO and OO) are more difficult
than those involving subject extraction (e.g. SS and OS), since the parser has to
temporarily store and analyze two NPs instead of only one in order to interpret the
former. This approach permits then to explain why SS are generally interpreted with

less difficulties in comparison to the other types of clauses.

To summarize, dyslexic children have been found impaired in the comprehension
of relative clauses, especially in those contexts in which the sentence was uttered
infelicitously. As found by Waltzman and Cairns with pronoun interpretation (see
section 1.3.3.3.1), their performance resembles that of younger children, whereas age-
matched controls behave adultlike. Specifically, their difficulties seem to be
determined by the additional processing cost required to accommodate

presuppositional failure.
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1.3.3.3.4 Dyslexia and the Interpretation of Passive Sentences

The interpretation of passive sentences in dyslexic children was originally
investigated by Stein et al. (1984) who reported that poor readers performed as well
as good readers with both reversible and non-reversible passive sentences.’

However, the results of this study have been recently challenged by Reggiani
(2010), who found that dyslexics are remarkably impaired in the interpretation of
reversible non-actional passive sentences, performing at the same level of preschool
children, four years younger than them. Reggiani observes that Stein and colleagues
tested only Iong10 actional passives, which are interpreted without difficulties even by
3 years old children. Starting from this consideration, Reggiani included in his
experimental protocol a picture selection task, with more complex passive sentences,

divided in four conditions, as reported below with an example for each condition:

(15) a. Non-reversible passive sentences with actional verbs:
“Winnie the Pooh is eaten by honey”.
b. Non-reversible passive sentences with non-actional verbs:
“Donald Duck is heard by the alarm clock”.
c. Reversible passive sentences with actional verbs:
“The girlfriend is kissed by Donald Duck”.
d. Reversible passive sentences with non-actional verbs:

“Winnie the Pooh is seen by the bees”.

? Reversible passive sentences are those constructions in which the agent and the patient can be
switched maintaining a semantically plausible meaning. Conversely, this exchange cannot take place
with non-reversible sentences, as shown by the examples below.

(@) The girl is kissed by the boy.
(b) The apple is eaten by the boy.

The sentence in (a) is said to be reversible, since if the patient the girl is exchanged with the agent
the boy, the sentence remains semantically plausible. The utterance in (b), instead, is classified as non-
reversible, since if the subject the apple is switched with the agent the boy, the sentence does not make
sense anymore.

1% passive constructions are said to be long if they are provided with the by-phrase.

62



An Introduction to Developmental Dyslexia

Maria Vender

The protocol was administered to a group of dyslexic children (mean age 9;7), a
group of age-matched controls (mean age 9;7), a group of young controls (mean age
5,;8) and a group of adults (mean age 35;8). The method used was a Truth Value
Judgment Task: the subject was shown a picture portraying two characters performing
some actions and then she was asked to evaluate a target sentence pronounced by a
clumsy puppet to determine what happened in the story.

Results showed that age-matched controls perfor