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1 Introduction

Attention is a neurocognitive process composed by sub-processes located in several
brain areas and controlled by specific neurotransmitters (Petersen & Posner, 2012). This
process aims to select relevant information and modulates sensory processing, perception,
memory, and learning. This selection of information processing—based on the combination
of perceptual noise exclusion and signal enhancement—is fundamental in developing fine
object representations in the brain (see Corbetta & Shulman, 2011; Petersen & Posner, 2012;
Roelfsema, van Ooyen, & Watanabe, 2010, for reviews).

Alerting and orienting are the two main processes involved in reading
acquisition.Alerting is defined as the multisensory attentional process that increases
performance during tasks (Petersen & Posner, 2012), producing a phasic change in alertness
(e.g., Ronconi, Pincham, Sziics & Facoetti, 2016). The alerting system can be already
measured in infant brain (e.g., Ronconi, Facoetti, et al., 2014).Attention orienting is the
ability to select a spatial location (Petersen & Posner, 2012) or time event (Battelli, Pascual-
Leone, & Cavanagh, 2007, for a review) inside the sensory field. Attention orienting is
described as a spotlight that moves to the attended area (Carrasco, 2011). The attention
spotlight is not only oriented in a specific spatiotemporal location, but can also be adjusted in
its size (i.e.,zoom-in and zoom-out of focusing attention, e.g., Facoetti, Lorusso, Paganoni,
Umilta, & Mascetti, 2003; Facoetti & Molteni, 2000; Facoetti, Paganoni, Turatto, Marzola, &
Mascetti, 2000; Ronconi, Facoetti, et al., 2014; Ronconi, Gori, Ruffino, Molteni, & Facoetti,
2013; Ronconi et al., 2016). Frontal and parietal areas are the neural substrate of the orienting
and focusing of attention (Battelli et al., 2007; Corbetta & Shulman, 2002; Ronconi, Basso,
Gori, &Facoetti, 2014).Subcortical lateral geniculate nucleus (LGN) and the pulvinar, in the
thalamus has also been shown to participate in attentional orienting (Schneider & Kastner,

2009).



In this chapter, we will start out with providing a theoretical background on how
visual attention may be involved in reading and developmental dyslexia. In addition, research
evidence will be summarized on the occurrence of a visual deficit independently from a
phonological deficit that is predominantly cited in the literature (see Chapter 12). Explanatory
mechanisms for such a visual deficit in dyslexia will also be discussed. Finally, clinical

implications will be provided along with a final conclusion.

2 Theoretical Background

Individuals with developmental dyslexia (DD) present difficulties with accurate and
fluent word recognition and spelling despite adequate instruction, intelligence, and sensory
abilities. DD is characterized by difficulties with decoding, while comprehension is more
intact (Peterson & Pennington, 2015).

DD is often associated with an impaired phonological awareness, which refers to the
ability to perceive and manipulate the sounds of spoken words (Castles & Coltheart, 2004). A
phonological awareness deficit could impair the ability to map speech sounds onto their
homologous visual letters (see Vellutino, Fletcher, Snowling, & Scanlon, 2004).
Impairedphonological awareness is largely assumed to be the core deficit in DD (see
Gabrieli, 2009; Peterson & Pennington, 2015). However, reading acquisition can profoundly
refine the neurocognitive organization of the auditory-phonological reading network (see
Dehaene, Cohen, Morais, & Kolinsky, 2015). In particular, previous research has established
that learning to read improves children's performance on reading-related phonological tasks,
including phoneme awareness (PA), and nonword repetition as well as rapid automatized
naming (Peterson et al., 2017). These findings imply that the association between literacy and
phonological skills is moderated by development. Consequently, also the findings of

structurally (e.g., less gray matter volume) and functionally (e.g., less activated cortical and



sub-cortical areas) different reading circuits in DD may represent the consequence of a
reduced reading development (e.g., Krafnick, Flowers, Luetje, Napoliello, & Eden, 2014).

Longitudinal studies suggested a causal link between impaired phonological
awareness and reading difficulties (see Peterson & Pennington, 2015, for a review).However,
there is a lack of longitudinal studies investigating phonological skills in DD that have
controlled for existing literacy skills and grapheme-to-phoneme mapping in their participants
(Castles & Coltheart, 2004). Moreover, it has been shown that specific phonological
awareness training does not always automatically transfer to better reading skills (e.g.,
Galuschka, Ise, Krick, & Schulte-Kérne, 2014;but see Ball & Blachman, 1988; Bradley &
Bryant, 1983; Moats, 1994, for positive effects of the phonological awareness training on
reading remediation in children with DD). It is important to note that recent studies suggest
that also other neurocognitive deficits might cause DD (Valdois, Bosse, & Tainturier, 2004;
e.g., Boets, Vandermosten, Cornelissen, Wouters, &Ghesquiére, 2011; Franceschini, Bertoni,
Gianesini, Gori, & Facoetti, 2017; Franceschini, Gori, Ruffino, Pedrolli, & Facoetti, 2012;
Franceschini, Trevisan et al., 2017; Franceschini et al., 2013, 2015; Gori, Bertoni, et al.,
2016; Gori et al. 2015; Gori, Molteni, & Facoetti, 2016; Gori, Seitz, , Franceschini, &
Facoetti, 2016; Kevan & Pammer, 2009).

Indeed, it can be assumed that DD is a multi-componential and probabilistic, rather
than uni-causal and deterministic, neurodevelopmental disorder of learning to read (e.g.,
Carroll, Solity, & Shapiro, 2016; Franceschini et al., 2012).As a case in point,
alongitudinalstudy by Clark and colleagues (2014) showed that the primary neuroanatomical
abnormalities that precede DD are in lower-level areas responsible for visual and auditory
processing, and frontal-attentional functions. These findings suggest that dysfunctions in the
reading network (e.g., Pugh et al., 2000) may be also a consequence of different reading

experiences anddeficits. Although Langer and colleagues (2017) showed abnormalities in the



white matters inthe areas related to speech in children at risk for DD, explaining DD with a
single causeseems to be an unsuccessful approach. It will be argued that at least one cause of

DD should to be searched in visual perceptual and attentional deficits.

3 Research Evidence

Visual attention deficit is now considered a cause of DD, independently from the
auditory-phonological abilities (e.g., Franceschini et al., 2012, 2013, 2015; Gabrieli &
Norton, 2012; Gori, Seitz, et al., 2016). The visual-orthographic system receives attention
orienting influence that modulates all visual processing levels (for reviews see Corbetta&
Shulman, 2002, 2011; Facoetti, 2012; Vidyasagar & Pammer, 2010) from the primary visual
cortex (V1) to the visual word form area. This specific region of the fusiform gyrus is
involved in identifying words and letters from the visual input, preceding the association with
phonology or semantics (Dehaene et al., 2015).During word decoding, attentional orienting
isconsidered the resultant of the engagement mechanism onto a letter or grapheme —which
has to be mapped to its corresponding speech sound — and the subsequent disengagement
mechanism (see Vidyasagar &Pammer, 2010, for a review). It is important to note that
engagement and disengagement mechanisms of visuo-attention orienting act before the
linguistic sub-lexical and lexical conversion routes, making the efficient functioning of these
mechanisms crucial for reading acquisition independently from writing systems with varying
degrees of consistency in letter-to-speech sound relationships.

A visual attentional orienting deficit has been systematically found in DD,
irrespective of the transparency of the alphabetic writing system (for reviews see Facoetti,
2004, 2012; Franceschini, Trevisan, et al., 2017; Gori & Facoetti, 2014, 2015; Gori, Seitz,
Ronconi, Franceschini, & Facoetti, 2016; Hari & Renvall, 2001; Stein, 2014; Valdois et al.,

2004; Vidyasagar & Pammer, 2010), and more specifically in individuals with DD
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characterized by poor phonological decoding skills (e.g., Cestnick& Coltheart, 1999;
Facoetti, Trussardi, et al., 2010; Facoetti et al., 2006; Roach &Hogben, 2007; Ruffino, Gori,
Boccardi, Molteni, & Facoetti, 2014; Ruffino et al., 2010). Interestingly, Liu, Chen, and
Chung (2015) found that attentional abilities—independently from phonology and
orthography—predict reading skills also in morpheme-based orthgraphies, such as Chinese.

Evidence on the role of visual attention in decoding also comes from atraining study
by Franceschini et al. (2013). They showed an effect of an action video game (AVG) training
on the spotlight of attention in children with DD in the visual attention span task (Bosse,
Tainturier, &Valdois,2007), where participants had to discriminate one of six visual stimuli.
The training with AVG, compared to a non action video game (NAVG) training, lead
children with DD to improve their abilities in stimulus discrimination both in a condition of
zoom-out (large) and zoom-in (small) attention spotlight (Franceschini et al., 2013). It can be
argued that the zoom-in attention spotlight is crucial in shallow languages (e.g., Italian)
because the reading unit is primarily the single or the couple of letters, while the zoom-out
attention spotlight is necessary to read larger group of letters that are at the basis of reading in
opaque languages (e.g., English; Franceschini, Trevisan et al., 2017). Consequently,
independently of the consistency between orthography and phonology, a training with AVG
could make the weaker attention spotlight of individuals with DD more efficient (e.g.,
Moores, Tsouknida, & Romani, 2015).

It is important to note that word reading in individuals with DD may be slowed down
because of greater crowding effects, which is in agreement to the peculiar spatial distribution
of attention (Martelli, Di Filippo, Spinelli, Zoccolotti, 2009; Zorzi et al., 2012; see Gori &
Facoetti, 2015, for a review). Visual crowding occurs when an object becomes more difficult
to be identified when surrounded by other objects than when it is in isolation (see Whitney &

Levi, 2011, for a review). Recognition is impaired when objects are closer than a



criticalspacing (e.g., Yu, Cheung, Legge, & Chung, 2007), which is the distance between
objects at which target recognition is restored (Martelli et al., 2009). Crowding might thus be
the resultof a limit in the resolution of spatial attention (e.g., He, Cavanagh, &Intriligator,
1996; Petrov & Meleshkevich, 2011; see Gori & Facoetti, 2015, for a review).

The extra-large spacing between letters and words is able to reduce crowding. Zorzi et
al. (2012) showed that a simple manipulation of letter spacing improved text reading
performance on the fly (without any training) in a large, unselected sample of Italian and
French children with DD. French is a much more opaque language than Italian. In contrast,
younger controls matched on reading level (RL) did not show any improvement with the
extra-large spacing. This result is congruent with the previous study in Italian children by
Spinelli, De Luca, Judica, and Zoccolotti (2002) in which a moderate increase of the spacing
between letters improved reading only in individuals with DD. Perea, Panader6, Moret-Tatay,
and Goméz (2012) demonstrated that slight increases in inter-letter spacing improved the
readability of texts aimed at Spanish children, especially those with DD. Recently, Schneps
and colleagues (Schneps, Thomson, Chen, Sonnert, & Pomplun, 2013; Schneps, Thomson,
Sonnert, et al., 2013) showed that reducing crowding by presenting less words in a line on a
small screen improved reading abilities in English speaking individuals with DD. This
reading improvement is interpreted as a consequence of the reduced amount of attention
necessary to perform the tasks (Schneps, Thomson, Chen,et al., 2013; Schneps, Thomson,
Sonnert, et al., 2013; Zorzi et al., 2012). Difficulties for both, words and symbols, indicate
that the crowding effect takes place before the process of letter-to-speech sound integration
(Moores et al., 2015; Spinelli et al., 2002).

Importantly, there is also evidence thattemporal orienting of attention in the so-called
attentional blink task may resultin impairments for individuals with DD (Stein, 2014). The

attentional blink task (Raymond, Shapiro, & Arnell, 1992) consists of two targets shown



inrapid sequence among distractors. This task evaluates the temporal attention disengagement
abilities. Longer recovery times in individuals with DD and in children with specific
language impairment (SLI) was found relative to controls in disengaging attention from the
first target (Facoetti, Ruffino, Peru, Paganoni, & Chelazzi, 2008; Hari, Renvall, &Tanskanen,
2001, Laasonen et al., 2012; Lum, Conti-Ramsden, & Lindell, 2007;see Badcock & Kidd,
2015, for a recent review). Individuals with DD and SLI show also poorer performance in the
temporal attention engagement on the target when it is rapidly followed by a second object
(i.e., backward masking; Di Lollo, Hanson, & Mclntyre, 1983; Dispaldro et al., 2013;
Facoetti et al., 2008; Ruffino et al., 2010, 2014). This temporal attention engagement deficit
was recently demonstrated to be causally linked to DD by using perceptual learning training
(Gori, Seitz, et al., 2016) that improved reading abilities together with temporal attention
performance.

Individuals with DD suffer from a deficit of rapid attentional orienting, affecting not
only unisensory but also cross-sensory attention (e.g., Virsu, Lahti-Nuuttila & Laasonen,
2003). Auditory processing deficits are characterizing DD (Tallal, 2004). Children with SLI
and DD show difficulties in perceiving speech-sound when it is presented in background
noise (e.g., Boets et al., 2011; Geiger et al., 2008; Ziegler, Pech-Georgel, George, Alario, &
Lorenzi, 2005). Rapid auditory processing in infants and toddlers can predict the future
language acquisition skills (Benasich & Tallal, 2002). These disorders in auditory perceptual
noise-exclusion could be caused byan attentional deficit (Facoetti, Lorusso, Cattaneo, Galli,
&Molteni, 2005; Facoetti et al., 2003,Facoetti, Trussardi, et al., 2010; Renvall& Hari, 2002).
The temporo-parietal phonological system is influenced by auditory attention which
modulates the primary auditory cortex up to the left perisylvian language network (Boets, de

Beeck et al., 2013; Dehaene et al., 2015).



Contrary to what was recently affirmed by Goswami (2015) about the lack of causal
studies connecting visual attentional deficit to DD, longitudinal studies and studies with pre-
reading children at risk for DD have shown that visual attention orienting is one of the most
important predictors of early reading abilities (e.g., Carroll et al., 2016; Facoetti, Corradi,
Ruffino, Gori, & Zorzi, 2010; Franceschini et al., 2012). In addition, the relationship between
attentional skills in pre-reading children and their future reading abilities have been found to
be fully independent of phonological processing (Franceschini et al., 2012; Gori, Seitz, et al.,
2016). These results clearly rule out the possible explanation suggested by Goswami (2015)
about a supposed major role of the reading experience in explaining the attentional deficit
found in children with DD. It is important to remind that these studies involved samples that
were composed of children with DD but without ADHD. In conclusion, it is proposed that
one of the core cognitive deficit underlying DD is the fundamental multimodal spatial and
temporal attention orienting mechanisms (which affects both visual and auditory perception)
that mediates efficient orthographic-phonological binding (Gori & Facoetti, 2014, 2015; Hari
& Renvall, 2001), suggesting that attention could also influence the typical auditory-
phonological deficits associated to DD (e.g., Facoetti, Trussardi, et al., 2010; Franceschini,

Trevisan, et al., 2017).

4 Explanatory Mechanisms

A possible neurobiological substrate of temporal and spatial attention orienting
deficits in DD could be a weakened magnocellular-dorsal (M-D) stream, and a consequent
dysfunction of the main fronto-parietal attentional network (Facoetti, 2012; Livingstone,
Rosen, Drislane, & Galaburda, 1991; Stein & Walsh, 1997). Although Wright, Conlon and
Dyck (2012) suggested that in DD the weaker M sensitivity and visual spatial attention
deficits may be independent, impaired attentional orienting system (Boden &Giaschi, 2007;

Hari & Renvall, 2001; Vidyasagar & Pammer, 2010) is anatomically contained in the M-D



stream. Accordingly, several neurophysiological and neuroimaging studies of both typical
and atypical reading development (e.g., Cao et al., 2013; Takashima et al., 2014; Turkeltaub,
Gareau, Flowers, Zeffiro, & Eden, 2003; see for review Richlan, 2012) have consistently
implicated M-D areas that are known to be part of the visual attention orienting system
(Corbetta & Shulman, 2011). The visual word form area is functionally connected with the
dorsal fronto-parietal attention network in the inferior parietal lobule (Vogel, Miezin,
Petersen, & Schlaggar, 2012). Vidyasagar (1999) proposed that an attentional deficit—
strongly related to an M-D deficit—could be the main cause of DD (Vidyasagar &Pammer,
2010).

The theory about a mild M-D deficit at the basis of DD stemmed from the observation
that the vast majority of reading disabled children are impaired specifically in the visual M-D
pathway (Boden & Giaschi, 2007; Gori & Facoetti, 2014, 2015; Stein, 2014; Stein & Walsh,
1997; Vidyasagar & Pammer, 2010). The M-D deficit theory is a dominant,
albeitcontroversial account (e.g., Olulade, Napoliello, & Eden, 2013).The M-D pathway
originates in the ganglion cells of the retina, passes through the M-layer of the LGN, and
finally reaches the occipital and parietal cortices (Maunsell & Newsome, 1987). This
pathway consists of large heavily myelinated neurons with fast conduction velocity (Pammer,
2014). The M-D stream is blind to colors, and responds optimally to contrast differences, low
spatial frequencies, high temporal frequencies and both real and illusory motion (e.g.,
Agrillo, C., Gori, S., & Beran, 2015; Gori, Agrillo, et al., 2014; Gori, Giora, & Stubbs, 2010;
Gori, Giora, Yazdanbakhsh, & Mingolla, 2011; Gori & Hamburger, 2006; Gori &
Yazdanbakhsh 2008; Livingstone & Hubel, 1987; Morrone et al., 2000; Ruzzoli et al., 2011;
Yazdanbakhsh & Gori, 2011).Much of the evidence supporting the M-D deficit theory of DD

is related toresearch on perception of coherent dot motion (CDM, e.g., Boets et al., 2011;
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Cornelissen, Richardson, Mason, Fowler, & Stein, 1995), which heavily relies upon
processing within the M-D pathway (Newsome & Pare, 1998).

Consistent with the M-D deficit theory of DD, individuals with DD and pre-readers at
risk for DD show poor performance on CDM tasks compared to typically reading controls
(Boets et al., 2011; Eden et al., 1996; Gori, Seitz, et al., 2016; Kevan & Pammer, 2008),
while performing similarly to the controls on tasks mainly associated with the parvocellular-
ventral pathway (Gori, Cecchini, Bigoni, Molteni, & Facoetti, 2014, Gori et al, 2015; Kevan
& Pammer, 2009). It has been reported that up to 75% of dyslexic individuals showvisual M-
D processing deficits (Lovegrove, Martin, & Slaghuis, 1986). Moreover, a post mortem study
showed that M-neurons of the LGN were significantly smaller in individuals with DD than
those of normal readers. On the contrary, the Parvocellular-neurons did not differ between the
two groups (Livingstone et al., 1991). These findings were confirmed byin vivo MRI study
(Giraldo-Chica, Hegarty, & Schneider, 2015). Recently, Gori et al. (2015) demonstrated that
children with DD showed lower performance in tasks related to visual illusions that rely upon
the M-D pathway (i.e., the spatial frequency doubling illusion; Kelly, 1966, the rotating tilted
lines illusion, and the accordion grating illusion, Gori et al., 2010; 2011; Gori, Giora,
Yazdanbakhsh, & Mingolla, 2013; Gori & Hamburger 2006; Gori &Y azdanbakhsh, 2008;
Yazdanbakhsh& Gori, 2011) in comparison with both to age matched and RL controls. Gori
et al. (2015) also reported the first association between a genetic variance (the DCDC2-Intron
2 deletion) and M-D deficits in both individuals with DD and typical readers. Interestingly
the M-D deficit in individuals with DD was found also in logographic languages such as
Chinese (e.g., Zhao, Qian, Bi, & Coltheart, 2014).

While there exists a substantial body of evidence suggesting a relationship between
M-D processing and DD (Stein, 2014), the main criticism of this theory was that M-D deficits

may not be causal to DD and, instead, could be a consequence of lack of reading experience
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(Goswami, 2015; Oluladeet al., 2013) since children with DD read far less than their
peers(e.g., Cunningham & Stanovich, 1997). Recently, Gori, Seitz, and colleagues (2016)
showed that: (i) motion perception was impaired in children with DD in comparison both to
age-match and to RL controls; (ii) pre-reading visual motion perception—independently from
auditory-phonological skill—predicted future reading development; (iii) targeted M-D
trainings—not involving any phonological stimulation—lead to improved reading skill in
children and adults with DD; and (iv) in a parvocellular-ventraltask involving noise exclusion
no difference in the DD group was found. These findings demonstrate, for the first time, a
causal relationship between M-D deficits and DD,although it should be noted that this study
was conducted on unselected samples. However, notwithstanding the heterogenic nature of
the cognitive profiles on DD, the M-D deficit seems to be so basic that it may have a cascade

effect on the other cognitive functions.

5 Clinical Implications

Evidence shows that there is no word identification without spatial attention orienting
(e.g., Robidoux, Rauwerda, & Besner, 2014). Specific intervention studies led to
both,auditory and visual orienting of attention improvements in children with DD (e.g.,
Facoetti et al., 2003; Franceschini, Trevisan et al., 2017; Franceschini et al., 2013; Geiger,
Lettvin, &Fahle, 1994). These studies demonstrated that the inhibitory mechanism of
attentional orienting—which is crucial for perceptual noise exclusion—can be remediated
with appropriate rehabilitation programs. Computer games have proven to be efficient in
improving auditory temporal processing and spatial attention in children with SLI (Stevens,
Fanning, Donna, Sanders, & Neville, 2008; Tallal et al., 1996; see Tallal, 2004, for a review).

There is evidence that playing action video gamesalso significantly improves visual

and auditory attentional orienting (Green & Bavelier, 2003; Green, Pouget& Bavelier,
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2010).AVG training generalizes to various tasks beyond game situations, allowing gamers to
better allocate their attention across both space and time. AVGs share an extraordinary speed
in terms of transient events and moving objects, a high degree of perceptual and motor load,
and an emphasis on peripheral processing. All of these visual characteristics are processed by
the M-D stream, consequently the AVG treatment could be mainly tapping into the M-D
pathway (Franceschini et al., 2013; Gori & Facoetti 2014; Gori, Seitz, et al., 2016). In a study
by Franceschini et al. (2013), it was demonstrated, for the first time, that AVG training makes
children with DD read better. These authors measured the phonological decoding of
pseudowords and word text reading skills in children with DD before and after two video
game trainings (AVG or non-action videogame player NAVG). After 12 hours of treatment
(9 days in total) the AVG training players improved in basic phonological decoding and in
lexical recognition measured by the word text reading. Results, in syllables per seconds,
showed that children treated with AV G training had an improvement higher what is expected
in a child with DD after one year of schooling, and bigger or equal than those obtained by the
highly demanding traditional DD training (Franceschini et al., 2013). Individual analysis
showed that 80% of AVG players statistically differed from the NAVG group. After the
AVG training, attentional and reading improvements were highly correlated even after
controlling for phonological training—induced changes, showing how unfounded the
phonological interpretation of these results recently suggested by Goswami (2015) was.
These results have been confirmed in a second study (Gori, Seitz, et al., 2016), in which a
group of children with DD was trained using NAVG before and AVG after in a within-
subject design. The NAVG training led to no significant effects. On the contrary, training
with AVG showed large improvements in words and pseudowords text reading, stressing the
importance of using AVG as a possible training in DD. These results were further

confirmedalso when children with DD were in comorbidity with dyscalculia (Gori, Tait, et
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al., 2014). Inthese AVG training studies (Franceschini et al., 2013; Gori, Seitz, et al., 2016;
Gori, Tait, et al., 2014) no drop-out was observed.

Although the association between a mild M-D deficit and DD has been consistently
observed (see Boden & Giaschi, 2007; Gori & Facoetti, 2014, 2015; Hari & Renvall, 2001;
Laycock & Crewther, 2008; Schulte-Kérne & Bruder, 2010; Stein, 2012, 2014; Stein &
Walsh, 1997; Vidyasagar, 1999; Vidyasagar & Pammer, 2010; Walsh, 1995, for reviews), the
lack of studies employing training designs led to debate regarding the relationship between
M-D pathway deficits and reading disorders (Goswami, 2015). Interestingly, Gori, Seitz, and
colleagues (2016) showed that not only reading skills, but also M-D pathway functionality
was specifically improved after the AVG training in children with DD, whereas
parvocellular-ventral performances were unaffected. The specific effect of AVG training on
the M-D pathway is confirmed also by improved illusory motion perception which is an
accepted proxy of the M-D functionality that is not related to perceptual noise exclusion
(Gori, Seitz, et al., 2016). These results not only expand on previous findings, but also
indicate that the underlying neural substrate of the AVG training appears to be the M-D
pathway.

The AVG training presents important advantages to the development of specific
training modules for DD, because of the appealing task that encourages compliance.
However, the complex tasks involved in commercial video games make it difficult to isolate
the core mechanisms of how this type of training impacts DD. Consequently, a training that is
specifically based on the M-D pathway is necessary to further establish the causal role of the
M-D deficit in DD.In the same study, Gori, Seitz, and colleagues (2016) showed that a
directtraining of the M-D pathway based on a coherent dot motion perceptual learning
procedure drastically improved the reading skills in adults with DD. Improvements in the M-

D pathway functioning directly translated to better reading skills. Specific M-D pathway
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training also increased both peripheral visual perception and temporal mechanism of visual
attention orienting, confirming the suggested link between M-D pathway functioning and
attentional mechanisms. Moreover, the training-induced perceptual and attentional changes
explained a large quote of variance of the reading performance gain of the individuals with
DD, demonstrating the causal link between M-D pathway and reading skills (see also
Lawton, 2016).

Furthermore, Gori, Seitz, and colleagues (2016) found significant improvement in
auditory-phonological abilities after AVG treatment, showing that M-D functioning and
attentional training can also affect phonological skills (see also Lawton, 2016). These
findings confirm the cross- and multisensory effects of the AVG training (e.g., Franceschini
trevisan et al., 2017; Franceschini et al., 2013; Green et al., 2010). Indeed, Green et al.
(2010) demonstrated that AVG can improve a range of spatial and temporal aspects of visual
and auditory attention, not strictly connected to the ones directly trained by the video game
use per se. The authors also showed that a better use of sensory evidence (or target filtering)
could be obtained by AVG players in tasks that involved not only visual, but also auditory
stimuli (see Bavelier, Green, Pouget, & Schrater, 2012; Dye, Green, & Bavelier, 2009; Green
& Bavelier, 2012, for reviews on “learn to learn” effects of AVGs). Consistently, there is
evidence in support of the M-D temporal hypothesis explicitly claiming that phonological
decoding deficits in individuals with DD could arise from impairments in sensory processing
of visual and auditory dynamic-stimuli (e.g.,Facoetti, Trussardi, et al., 2010; Lallier,
Tainturier et al., 2010; Vidyasagar, 2013; Witton et al., 1998).

It is important to note that the studies by Franceschini et al. (2013), Gori, Cecchini, et
al., (2014), Gori, Seitz, et al. (2016) were based on Italian, a transparent orthography in
comparison to other languages, such as English. One may argue that these results could not

be easily generalized to other opaque languages, such as English, because of the high level of
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transparency characterizing Italian. In transparent orthographies it is possible that
phonological deficits may be less relevant for DD than more opaque ones. However,
difference in orthographic transparency seems not crucial. Indeed, there is evidence that both
word recognition and phonological decoding were significantly and clinically improved also
in English speaking children with DD (Franceschini, Trevisan, et al., 2017). In this recent
study, auditory-phonological working memory, as well as visual-to-auditory attention
orienting,were significantly improved, confirming a direct role of multi-sensory and cross-
modal attention orienting mechanisms in reading remediation also in more opaque
orthographies. It could be supposed that the perceptual and the attentional mechanisms
controlled by the M-D pathway precede the orthographic-to-phonological mapping (e.g.,
Pammer, Hansen, Holliday, & Cornelissen, 2006; Zorzi et al., 2012). The attentional and M-
D deficits are peripheral by definition. The DD characterized by peripheral deficits is often
found irrespectively of different degrees of orthographic transparency (Zorzi et al., 2012).
Thus, it is likely that attentional and M-D trainings will be beneficial to individuals with DD
regardless the DD subtypes and the deepness of the language.

To date, DD prevention is only a dream far from being achieved (Gabrieli, 2009).
However, Gori, Bertoni, and colleagues (2016) showed that only 20 hours of playing AVG—
not involving any direct phonological or orthographic training—improved early visual and
auditory predictors of future reading abilities in pre-reading children at risk of DD. Gori,
Bertoni, and colleagues (2016) tested rapid naming, letter knowledge, auditory-phonological
skills and visuo-attentional spotlight efficiency (i.e., earliest predictors of reading acquisition)
in three matched groups of prereading children at cognitive risk of DD before and after they
played AVG, NAVG or no-treatment for 20 sessions of 60 minutes per day. It was found that
only playing AVG improved pre-reading children visual and phonological predictors of

future reading abilities. These results show, that attention orienting improvements can
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directly translate into better language abilities in prereading children at risk for DD, providing

a new, fast, and fun prevention training for DD.

6 Conclusions

In sum, several findings, consistently across methods and languages, demonstrate a
causal role of visual attention and M-D pathway deficits in DD. It can thus be assumed that
the unsuccessful search for a single cause for DD, makes the identification of other causes
than phonological awareness of utmost importance. Attentional and M-D pathway training
were found to be crucial methods to remediate DD independently of auditory—phonological
approaches. Inside a multi-factorial and probabilistic hypothesis for DD (Menghini et al.,
2010), the attentional and M-D pathway training seems to be a very promising future practice
that should be added to the more traditional approaches for DD remediation. The most
intriguing aspect of these visual trainings is the possibility to obtain generalization to the
visual aspect of reading, also using stimuli far from strings of letters, often at the basis of
more traditional language and phonological decoding training modules. A combination of
these kinds of treatment may further reduce the drop-out and improve the reading
remediationin children with DD.The fact that both visual attentional and M-D pathway
deficits can be tested and training during infancy paves the way for more effective DD

remediation and prevention programs.
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