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SUMMARY

Reading is a very important part of our everydéy &ind can be defined as the act of flawlessly
processing written information, with a limited nuentof mistakes, in order to derive meaning from
written text. The present work summarizes the figdifrom two different types of population: (1)
Dyslexics (reading-disabled children) and (2) diliates (adults who cannot read). In order to
compare our results, we have also used a literadepg(educated adults) and a control group
(normal reading children). The major differencewsn the first two groups mentioned above is
that, despite an adequate learning environmenininga and being considered of-normal
intelligence, dyslexics have problems while readingereas the other set group has never been to
school and, therefore, are unable to read or wdite to the lack of training and learning

environment.

Chapter 2 describes Event-Related Potential (ERf®rehces in controls and dyslexics
using the mental rotation paradigm with visuallggiimilar letters. Mental rotation is a classic
paradigm through which the capabilities of dyslexwan be defined. In this study, we have
examined the time course differences and respedifferences in ERP between controls and
dyslexics. Dyslexics showed a delay in processatigis in comparison to controls. As compared to
controls, dyslexics did not show an inverse refatwd increasing angular disparity with potentials

(Rotation Related Negativity, RRN).

In Chapter 3 we used visually similar letters tanpare dyslexics and controls on a
symmetry generalization task with letters in twéfatent contrast conditions (low and high). The
similarity was defined on the basis of rotatiom@rersibility. Dyslexics showed a similar pattefn o
response, but were overall slower in respondinthéotask in comparison to control®yslexics
showed an impaired response pattern in low cont@sditions, which is thought to be the function
of (or controlled by) the Magnocellular pathway (dthway). Furthermorethe results were

interpreted within the framework of the Functio@alordination Deficit (Lachmann, 2002).



Chapter 4 reflects the importance of the Magnotzll@V-pathway) deficit in dyslexia.
Malfunctioning of the M-pathway could be one of thmjor problems of dyslexia. Due to this
problem, dyslexics are impaired in responding te twntrasts, motion detection, low spatial and
high temporal frequencies (ground perception). Téosld be one of the major causes of the
problems related to adequate reading. In this stia$ponses were taken from a motion lexical task
(motion word recognition task) using two differealors (red and green) of a different wavelength,
set as a background. Dyslexics were impaired iparding to the word recognition task as
reflected by response time. Using red backgrouraitedses M-pathway activity, making it more
difficult to identify letters and this effect madieworse for dyslexics since their M-pathway is
weaker. Hence, the reaction times with red backgtowere longer than those with green

background.

In Chapter 5 comparisons were made between therdte and literate sample groups. This
study was designed to understand the mechanistmdeimalytic and holistic approaches in
responses to letters and shapes. This study wadlaav4dup to that originally performed by
Lachmann & van Leeuwen, (2004, published in therdmuof Perception and Psychophysics)
Results from the literate group replicated theifigd of the previous study. llliterates showed an
analytic approach to responding to letters as aglion shapes. The analytic approach does not
result from an individual capability to read, b& & primary base of visual organization or

perception.
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Visual Processing in Reading

CHAPTER 1

Introduction

General Introduction

The different sights and sounds of letters combiimedneaningful information is termed
as reading. When beginning to read, each lett@rasessed individually, resulting in a
meaningful word. Different words are then combinegether to understand the meaning
of a sentence. These skills are acquired or leaowed a period of time (beginners); the
process subsequently becomes automated and thezlskdhders read the word as a whole.
Word is read as a whole because the orthographictste of the letter, and later the
perception of the word, is fully developed or autded. These readers are then capable of
reading faster than beginners. Another reason whgling is faster for skilled readers is
because they construct meaning from the dynamieraotion between their existing
knowledge and the information suggested by the ({#&ktson, Peters, Weber, & Roeber,
1987) when the reader falls below the standard levelpaicessing of the written

information, and then the reading level is consadesubpar.

Reading is a complex and multi-dimensional procéssiumber of components were
identified that need to be considered while readivgldron, 2012). In general, to perform
reading in an adequate manner, the following skitld strategies must be implemented: an
establishment of a rich vocabulary base, the deweémt of phonological and visual skills,
discovering and developing an individual compref@nstyle, placing a focus on reading
fluency, adequate motivation to undertake the tasid also enjoyment while reading.

According to Goodman (1969; 1967; 1988), while megd basic visual sensory
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information is transformed to the deeper levelscofnitive processes, that is to say
moving from optical to perceptual to syntactic, ahdn the meaning is then driven. He
also describes the five major processes that emplaging: (i) recognition (ii) prediction
(i) confirmation (iv) automated correction and) @mpletion of the reading act. Visual
recognition is about understanding the configuratad orthographic information present
in written form, which includes language comprehems as well as phonological,
semantic and syntactic decoding. The interactiothefrecognition of visual form and the
acquisition of orthographies allows us to accessntieaning directly in combination with
the good phonological skills required to differandi between familiar and unfamiliar
languages, using the knowledge of the letter-sowodversion rule (visual and
phonological information, Lachmann & Geyer, 2003rediction of strategies is
considered to be the most efficient way of read(&gnith, 1975; Goodman, 1997;
Palincsar & Brown, 1984). Predictions are mosthgedisvhen readers make use of their
existing knowledge; context dependent cues helpréla€eers to generate an anticipated
meaning of the text. Once the prediction is mabe, dfficient reader will go back and
check the information presented in the text (CslliBrown, & Larkin, 1980). Predictions
are trained interpretations about what will happetihe text and skilled readers are able to
make correct predictions for the current text tigtouhe strategy of prior knowledge
exposure. On the other hand, failure in monitoripgedictions can cause
miscomprehension due to incorrect prior knowledgeabise the person is incapable of
remembering the learned cues, or has/had minimar @xposure to similar text.
Prediction strategies have a very important roldetheories of reading (Collins & Smith,
1982). Confirmation is the tendency for people ¢eksinformation from the cues which
confirm their tentative belief. When the brain potsl it also looks for evidence to verify

those predictions. In terms of what is expected,ldtain monitors for acceptance or non-
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acceptance of the given input. When confirmatiomigsed or incorrect, then a person
tends to apply automated correction and, if thenbdacides for inconsistency, then that
particular action is discontinued. Termination lvé reading task will only happen in three
different conditions: (i) the task is successfudbmpleted and meaning is known (ii) when
there is no meaning or only partial meaning is troiesed and (iii) when the information is

not at all useful.

Causal factors affecting reading: the modern era

Reading involves different visual and phonologipabcessing strategies compared to
object processing, while reading each and evetgrlét processed in a different manner,
therefore, the strategies used for letter and olgerception are different. While reading
the recollection of the reading process is initlatasual representation is established, and
then phonetic, semantic, as well as syntactic médion is generated. According to
Lachmann & Geyer (2003), reading involves two majacesses: (i) visual decoding of
the text in a written form, which includes featuagalysis (configurational structure),
orthographical representation of the word form &ndlanguage comprehension, which
includes the phonological, semantic, and syntagécoding (Friederici & Lachmann,
2002; Lachmann, 2002) of written information. Aatiog to them, adequate reading is a
result of the successful interaction of these twaxgsses. This complex process is further
guided by working memory and long-term memory whiteention processes also plays an
important role (Friederici & Lachmann, 2002). Ferthreading is an automated and
complex process which includes much parallel preiogs Dyslexia has been accepted as a
language related disability showing differencesité occurrences. The most common
problems affecting dyslexics are: phonological impants, letter reversals, differentiating

between similar rhymes, and wrong spellings. Thes@mon problems are most often
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tested at the most commonly at the behavioral larel may also be tested at the

neurological level.

Neuronal activations while reading

The neuronal processes involved in reading begienwhsual information is received by
the eyes, which is imaged on both maculae (theonegf the eye surrounding the retina
which has the maximum visual acuity). The inforroatis then sent to both left and right
cerebral cortex. Within the cerebral cortex, thierimation is transmitted to Ganglion cells
and the Lateral Geniculate Nucleus. The area wiachives the information is known as
primary visual cortex (Brodmann’s area 17 or Vh)starea is responsible for word-related
processing. Depending upon the visual attributesthe stimuli (size, colour and
brightness), information is further processed bitally by different areas of the occipital
lobe - V2, V3, V4 or V5. The bilateral activatiorisom the occipital lobe are then
transmitted to the angular gyrus (area 39). Thailangyyrus is the central hub of reading
and is responsible for processes such as heapeggels and vision. In this area, the nature
of the written word is comprehended, i.e., thegfarmation of written information into its
relevant speech sound. The auditory form of thedwisr further comprehended in
Wernicke’s area (responsible for speech articutatidll of these processes make reading
a complex process; when reading is significantlywslr due to the presence of such
symptoms as poor coordination, left-right confusiamd poor sequencing, it could also be
characterized as a neurological syndrome becaudemoblems can also be affected by
biological causes e.g.. genetic anomaly, malfunatip of temporal lobe, Jackson &
Coltheart, 2001). Stein (2001) found that 5 - 100sahool-attending children (Diagnostic
and Statistical Manual of Mental disorder, DSM — 3094), particularly boys, despite

being of adequate intelligence, were considereterliys.
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Evolution in the understanding of the occurrencesf reading problems

In the last few years, developmental dyslexia hesnbone of the most important and
interesting area of scientific research. Developadedyslexia is considered to be a
disorder associated with reading difficulty andngepff-adequate intelligence level and
having appropriate learning environmental condgiddespite the appropriate educational
background and a supporting environment, childriéeceed with dyslexia are unable to
perform adequately and it is the most prevalentniag disability in schools. The
epidemiology and theoretical causes of this disoddér considerably between countries,
and even regions within countries (Shaywitz, Sh&wkletcher, & Escobal,990; Miles,
1995; Schulte-Korne, Deimel, Bartling, & Remschmil01). One of the main causes of
developmental dyslexia is associated with the malioning of the parietal and occipital
regions of the brain. The neurons found in theggons do not function properly when
compared to normal children; which results in mem®rs and taking a significantly longer
duration in responding to lexical tasks. Delayedpomses are considered to be the
common measure to compare dyslexics with normalemsa The problem also leads to

difficulty in processing lexical information preged in auditory and well as visual form.

According to the relevance of the current set gbesdnents, dyslexia could also be
attributed to an inappropriate processing of ‘lsftein appropriate environmental
conditions, despite the required training for |laagge learning (we had tested dyslexics on
the visual processing of letters). A German phgsicOswald Berkhan, (1881) first
confirmed the existence of reading disability (éysh) and later Rudolf Berlin, (1887) an
ophthalmologist practicing in Stuttgart, GermanyheTword dyslexia comes from the
Greek words “dys”, which means difficulty and Lexfgrhich means word or speech) the

translation would be difficulty related to the larage processing. According to Berlin, it is
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a disorder related to the processing and underisiguod speech. During the year 1896, W.
Pringle Morgan, described about a reading-spelgficning disorder and his work, which
was published in the British Medical Journal, "Cenigal Word Blindness". In this article,
he described a 14-year-old boy, named “Percy”, ekperienced reading difficulties, to
which he defined ‘congenital defects’ as the majause. During the 1890’s and early
1900’s, James Hinshelwood also published a sefiesticles in medical journals where
description about the similar cases of congenitatdwblindness was made. In his 1917
book, "Congenital Word Blindness", he emphastbed this problem originates from the
distorted visual representations of words and rgiggception. In addition, he described
symptoms such as letter reversals and difficultigth spelling, writing, and reading
comprehension. In the year 1925, Samuel T. Ortderchened that a syndrome unrelated
to brain damage makes learning to read difficulc@mplicated. According to his theory,
the complexity associated with reading difficultyasvtermed as ‘strephosymbolia’.
Furthermore, Orton observed that visual deficitaldamot be the only cause of reading
deficits in dyslexia. He believed that the failtioeestablish hemispheric dominance in the
brain may cause reversal errors. Later, Orton aledked with a psychologist and an
educator named “Anna Gillingham”, to develop ancadional intervention program that
involved the use of simultaneous multisensory utions. In addition to this, Dearborn,
(1932) considered erroneous guidance of the seamghanism to be the cause of such
reading related problem. In the year 1970's, a hgpothesis of dyslexia evolved which
rooted as a problem related to the phonologicatgssing or difficulty in recognizing
spoken words. According to the findings, studigggasted the importance of phonological
awareness as the major cause of dyslexia. Mederahers unnisett, 1962pxamined
the post-autopsy brains of dyslexics. Their findirttave shown the differences in the

anatomical activations of the language areas ofdysexic brain compared to non-
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dyslexics; later similar work was done by Cohen,s#lgn, Breiter, DiGirolamo,

Thompson, Anderson, ... & Belliveau, (1996) who gegjed that the cause of dyslexia
could be an “abnormal cortical development” whiclild have occurred before or during
the sixth month of fetal brain development. Neuraging technologies developed during
the year 1990’s, investigations related to readimggpbility research made a significant
progress using new cognitive methodologies likesitpon emission tomography (PET)
and functional magnetic resonance imaging (fMRI)icwkhhave shown the neural

activations of the brain parts of adults (non-dy®l&) while performing reading tasks (e.g.
Fiez & Petersen, 1998; Turkeltaub, Eden, Jonesg#ird, 2002). Many approaches and
experimental paradigms (e.g. the detection or juglgnef rhymes, non-word reading and
implicit reading) have been able to localize thapioropriate phonological processing in
dyslexia (e.g. Poldrack, Wagner, Prull, Desmondyveil, & Gabrieli, 1999; Gelfand &

Bookheimer, 2003) dominant in left-hemisphere pdévian regions. These activations
shifts from left to right according to the alphabetriting system (Left to Right or Right

to left writing system, Eden & Zeffiro, 1998; Pasile Demonet, Fazio, McCrory,

Chanoine, Brunswick,... & Frith, 2001). It has alseeb demonstrated that in the non-
alphabetic script, where reading is more demanthegntegration of visual-orthographic
information about the language in dyslexics ar@a@ased with decreased activity in the

left/middle frontal gyrus (Siok, Perfetti, Jin, &, 2004).
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Theories on developmental dyslexia

Orton (1925; 1928) was the first to draw attentiorthe symptoms of reversal errors in
dyslexia and tried to explain this phenomenon tghothe cardinal symptom of the reading
problem. During the year 1970’s phonological skdlere considered to be the cause of
dyslexia (e.g. Liberman, Shankweiler, Orlando, Kar& Berti, 1971; Vellutino, 1977;
Bradley & Bryant, 1978). Orton believed that dystsxhave a perceptual defect; they see
letters in a different orientation (the incorrecteatation) (Vellutino, Steger, & Kandel,
1972; Vellutino, 1977; 1987) but Vellutino and hislleagues found no supporting
evidence of Ortan’s findings. They found that dysgle and normal readers do not show a
difference in the spatial-orientation of the nongaage content. This brought to the in
acceptance of the Ortan’s theory. However, Ortdiewed that perceptual impairments in
dyslexics are not the cause of reversal errorsoilicg to his view, these problems are
due to the failure to assign an appropriate phondatel to the correct visual
representation (Corballis & Beale, 1993; Lachma2®d02; Lachmann & Geyer, 2003).
According to the Callosal Theory, Orton believedtttfor normal readers and dyslexics,
both, letters are represented in their normal forimne hemisphere and in a mirrored form
in another hemisphere. When a normal reading ghddesses the visual information, then
one hemisphere is activated. Activity in the othemisphere is automatically suppressed;
he believed that this mechanism in dyslexics is angbmatic and the representation is
equalized in both the hemispheres. This could leadonfusion while labeling the
grapheme with a unique phoneme code because bothethispheres are equally active.
There is a high possibility that the grapheme n@temay be different for dyslexics and
normal readers, even if no differences are founihénon-grapheme material. In addition

to phonological problems, the visual aspect of nmi@ation processing in dyslexia cannot
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be ignored (Boder, 1973; Willows & Terepocki, 19%®&dian, 2005; Becker, Elliott, &

Lachmann, 2005).

The Phonological Theory

As stated above, dyslexia is a specific difficultylearning to read. This theory defines
dyslexia in the frame of phonological processinghefletter. Phonological theory explains
the letter representation function which is resgadas for grapheme—phoneme
representation. Dyslexics have problems in repteggnstoring, and correct retrieval of
the phonemes. Learning to read and storage ofphalzetical system requires learning the
correlation between letters and constituent sowhdpeech. In dyslexics, these sounds are
poorly represented, which results in the inappuadpriretrieval of the learned alphabetic
system (Bradley & Bryant, 1978; Vellutino, 1979;d8ring, 1981; Brady & Shankweiler,
1991). Therefore, the phonological theory seeksottnect and explains the links between
the neurological causes and behavioral latenci¢sth@& neurological level, it is also
assumed that this problem arises from the condesytdunction of the Left Hemisphere
Perisylvian areas dominant for the phonological resentations, which builds the
connection between phonology and related orthograggpresentations (Paulesu, Frith,
Snowling, Gallagher, Morton, Frackowiak, & Frith996; Shaywitz, Shaywitz, Pugh,
Fulbright, Constable, Mencl, ... & Gore, 1998; Bruingky McCrory, Price, Frith, & Frith,
1999; McCrory, Frith, Brunswick, & Price, 2000; ¢hy Mencl, Shaywitz, Shaywitz,
Fulbright, Constable, ... & Gore, 2000; Paulesu et 2001; Temple, Poldrack, Salidis,
Deutsch, Tallal, Merzenich, & Gabrieli, 2001; Shayw Shaywitz, Pugh, Mencl,
Fulbright, Skudlarski, .... & Gore, 2002; Ramus, Ridg, & Frith, 2003). The theory
gives a clear indication about the response lagsrfor dyslexics who performed poorly on

tasks requiring phonological awareness, whichuin,trequires the manipulation of speech
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and conscious segmentation. Dyslexics were unablesegment short-term memory
problems and slower responses to verbal namings taséo lead people to accept

phonology as the greatest cause of reading probl8nwwvling, 2000).

The Visual Theory

Another aspect of dyslexia is explained by the aligheory. The visual theory does not
exclude a phonological deficit, but the main emphésin giving a visual contribution to
reading problems. This theory describes the visoglairments which give rise to
difficulties in processing of letters, words andtemces (Lovegrove, Bowling, Badcock, &
Blackwood, 1980; Livingstone, Rosen, Drislane, &ldbarda, 1991; Stein & Walsh,
1997). Reasons could include increased visual drayvelffect, (Spinelli, Luca, Judica, &
Zoccolotti, 2002) poor vergence and unstable bilavciixation (Cornelissen, Munro,
Fowler, & Stein, 1993; Stein & Fowler, 1993; Ed&tein, Wood, & Wood, 1994). The
Magnocellular (dorsal visual pathway, M pathway Micells) and Parvocellular (ventral
pathway, P pathway or P cells) are the two paralie¢hways responsible for two distinct
types of visual processing. Evidence for the Magfoar pathway (M pathway)
dysfunction comes from anatomical studies showimgoamalities of the M layers of the
Lateral Geniculate Nucleus (LGN, Livingstone et 4P91). In some dyslexic’s brain, M
pathway mainly runs through the posterior parietaitex, and even the pathway is
disrupted, leading to deficiencies in visual preoeg of letters. Further, these problems
also lead to the reading and spelling errors which been explained in the Magnocellular

Theory section of Chapter 4.

Functional Coordination Deficit (FCD Model)

Lachmann (2002) proposed a functional-coordinadieficit (FCD) model. This model

explains that failures in suppressing symmetry gdization cause reversal errors while

10
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reading. This means that a letter has symmetritabates even if rotated; rotation does
not alter visual material, and symmetry generalrais understood as an evolutionary
process, such as a child developing into an aBolt.this reason, symmetries are vital to
the holistic representation of the visual field.eT¢hild could hold a mental representation
of a symmetrical pattern, when in fact, it is ayrametrical pattern. This may generate
mirror images of the pattern in their original foemd orientation, storing them together in
a category. Object recognition under differentqotadéion symmetry generalization can
also facilitate perception (Lachmann & van Leeuv28®5) and thus, symmetry is the
preferred perceptual secret for holistic imageshSa representation creates an obstacle
while learning to read and beginners (in reading)vert graphemes to phonemes on a
one-to-one basis. For more fluent readers, the entdghe familiar word and unfamiliar
word could be differentiated, and the irrelevanag would be suppressed. When there is
a failure to suppress the visual and phonologietdtion between these two, then an
unambiguous relation is created which may distimd functional coordination of the
phoneme and grapheme codes and may in turn nelgaifect reading (lachmann, 2002).
This may disturb the functional coordination betwggoneme and graphemes; which
causes problems in learning to read. Further,éasan behind the reversal problem (e.g.,
confusion between b and d) could also be due taathkiguous relation between visual
and phonological codes of individual letter peraaptLachmann, 2002). Reversal errors
are not necessarily a result of problems while @ssing objects, spatial information, nor
symbols, but, are due to the inability to functibypaoordinate between grapheme and
phoneme representation. The problem may occur \&Hetter (grapheme) is presented in
different orientations (rotated or normal/mirrorediich as “b” and “d” having different
phonemes. Further, FCD model is only a functioeagl theory and not a brain model like

Orton’s or Corballi’s.

11
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The Rapid Auditory Processing Theory

This theory claims that the auditory deficit is themary and the phonological is the
secondary cause of individuals affected with dyisleX his problem occurs when the
verbal information is too short or the sounds amdly varying; this makes the task more
difficult and results in defective or incorrect peption (Tallal, 1980; Tallal, Miller, &
Fitch, 1993; Mody, Studdert-Kennedy, & Brady, 198iazan, 1998; Serniclaes, Sprenger-
Charolles, Carre, & Demonet, 2001). Dyslexics affected by the fast changes in
syllables and related sounds and this causesuifficn processing auditory information,
e.g. ba/da/sa/ga/ma, which also leads to poor catad) perception. In addition, dyslexics
also show below average performance in auditorykstasincluding frequency
discrimination (McAnally & Stein, 1996; Ahissar,dopapas, Reid, & Merzenich, 2000)
and temporal order judgement tasks (Tallal, 198nter & Klein, 1995; Nagarajan,
Mahncke, Salz, Tallal, Roberts, & Merzenich, 1999cArthur & Bishop, 2001;
Steinbrink, Groth, Lachmann, & Riecker, 2012). Aaling to the above-mentioned
explanations, auditory deficits are the most imgait elements in the course of

phonological deficits, and thus, results in readiiffjculty and learning to read.

The Cerebellar Theory

The Cerebellar Theory (Nicolson & Fawcett, 1990¢dson, Fawcett, & Dean, 2001)
offer another viewpoint on dyslexia. The cerebellpfays an important role in motor
control and therefore, is also responsible for spesticulation; it is shown that retarded
or dysfunctional articulation could lead to faulphonological representation. The
cerebellum also plays a vital role in the autonsion of over-learned tasks, such as

driving skills, reading and writing. A malfunctiorg of the cerebellum would have a
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massive effect on such over-learned tasks and ewen grapheme-phoneme
correspondence, resulting in inadequate readingr performances of dyslexics has been
evidenced (Fawcett, Nicolson, & Dean, 1996) in salvenotor tasks, including time
estimations while performing non-motor tasks (Nsow, Fawcett, & Dean, 1995) and
even impaired automatization of balance (Nicolsofra&wvcett, 1990). Many studies have
also shown anatomical, metabolic and activatiofedghces in the cerebellum of dyslexics
(Rae, Lee, Dixon, Blamire, Thompson, Styles, ... &i8t1998; Nicolson, Fawcett, Berry,
Jenkins, Dean, & Brooks, 1999; Brown, Eliez, MenBumsey, White, & Reiss, 2001;

Leonard, Eckert, Lombardino, Oakland, Kranzler, Kjoh & Freeman, 2001).

The Magnocellular Theory

This theory integrates the major findings assodiatéh developmental dyslexia (Stein &
Walsh, 1997). According to the theory, readingtesladysfunctions is not only restricted
to the visual processing, but are generalized heranodalities; including auditory, tactile
and even motor. According to the findings of theatty, temporal processing in all above
mentioned systems seemed to be impaired in dys(&t@an & Walsh, 1997). The M cell
abnormalities are associated in the medial asagethe Lateral Geniculate Nucleus (LGN)
of the dyslexic brain (Livingstone et al., 1991;l&wmrda, Menard, & Rosen, 1994); can be
observed behaviorally by the poor performance alakycs in the tactile domain (Grant,
Zangaladze, Thiagarajah, & Sathian, 1999; Stoodle&ycott, Carter, Witton, & Stein,
2000), as well as the co-occurrences of visualarditory impairments (Witton, Talcott,
Hansen, Richardson, Griffiths, Rees, ... & Green,819%estnick, 2001; van Ingelghem,
Wieringen, Wouters, Vandenbussche, Onghena, & Gies 2001). For further details

refer to Magnocellular Theory section of Chapter 4.
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CHAPTER 2

Group differences for Rotation Related Negativity RRN) while
Reading

Introduction

Mental rotation is the ability to rotate objects ntedly or to identify novel spatially

matched configurations. Mental rotation also retershe cognitive process of imagining
how an object would look, if rotated from the angfeperception in which individuals are
prone to perceive (Shepard & Metzler, 1971). Memntaation is a cognitive process in
which the parietal cortex plays a salient role ddor, Heinze, Lutz, Kanowski, & Jancke,

2001).

In mental rotation paradigm, characters are preseint a number of different orientations
from their regular format to clock wise/anti-clodke reversals. The time to decide upon
the parity of the character increases linearly whii angular displacement (disparity) from
the upright position (Shepard & Metzler, 1971). S process is typically studied in making
comparisons in same versus different tasks usitgrse or 3D figure discrimination tasks
(Cooper & Shepard, 1973a; b). In a pioneering st&diyepard & Metzler (1971) instructed
participants to discriminate between novel 3D fegurand their mirror images with
different orientations. Thefound that response time increased linearly with dHficulty
level associated with the angular disparity frone tpright position (Heil, 2002). In
another paradigm, Cooper & Shepard, instructed estjto decide whether rotated
alphanumeric characters were in their normal orared or if they were reversed. They

replicated the same result, being that response vamied linearly as a function of the
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difficulty level associated with thangular rotation (Cooper & Shepard, 1973a; b; Rusia

Lachmann, Jaskowski, & van Leeuwen, 2007).

The behavioral properties of mental rotation arev meell defined (Shepard & Cooper,

1982) but corresponding neuronal activations sgithain to be poorly understood. Studies
show that mental rotation was found to be salientpatients with brain lesions in the
posterior right hemisphere (Ratcliff, 1979; FarahH&mmond, 1988; Ditunno & Mann,

1990). These lesions are often large with a sigaifi involvement of the parietal lobe.
Further, a study by Ditunno & Mann (1990) also destmated mental rotation deficits to
be localized to the right parietal lobe. Thus, tbsults are consistent with other findings of
parietal involvement in spatial cognitive task (Renzi, 1982; Stein, 1991). The parietal
lobe has been suggested as a potential substrate domain-specific representation of
guantities and it is also found to have greateivatons for the tasks related to verbal,
spatial, and attentional functions; which may cdmitie to functions related to calculation
as well (Cohen et al., 1996; Richter, Andersen,rGagmoulos, & Kim, 1997; Alivisatos &

Petrides, 1997; Kosslyn, Digirolamo, Thompson, &d&it, 1998; Heil et al., 2000; Jordan
et al., 2001; Heil & Rolke, 2002; Dehane, PiazaagP& Cohen, 2003; Milivojevic et al.,

2003; Nunez-pena & Aznar-Casanova, 2009). Heil 22@0rther indicated the importance
and involvement of the parietal lobes in differgmbcessing stages, including stimulus

identification, mental rotation, parity judgmergsponse selection and motor processes.

The effect of mental rotation in children was fissidied by Mamor (1975; 1977) whose
study evidenced that 4-year-old children can redgonmental rotation tasks based on 2-
dimensional images. In addition, it was succesginlbved that reaction times decrease as

age increases and that a child of age 8 respong faster compared to the child of age 4.
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Speed is an important factor associated with menotation tasks. It was also evidenced
that age and the response times are inverselgdelas the age increases, the time taken to
respond on various cognitive tasks decreases (visearch, memory search, mental
rotation), ranging from primary school children tgp adolescence (Kail, Pellegrino &
Carter, 1980; Kail, 1988; 1991). Such pattern fuhs, suggest that, some general
mechanism (or processing resource) exists whiclrudisperformance on cognitive tasks
during childhood and performance gets better witinareasing effect of age (Kail, 1988).
Developmental changes, related with mental rotaticennot be understood without
incorporating qualitative developmental changes il(H& Jansen-Osmann, 2008).
Typically, it is found that reaction times incredsesarly with an increasing difficulty of
angular disparity (from upright position’ @ 360). The process involves different

processing stages Heil, (2002) mentioned in the@lparagraph.

In Mental rotation task (Cooper & Shepard, 1973zrd & Metzler, 1971) individuals
spatially match the transfigured image with the wlagy are naturally prone to perceive.
According to the task, the material is presentetuianeously or one after the other; the
participant must decide if the material presengedame/different by pressing different
keys, without keeping track of the angles of ratatiAs can be seen in the resulting
reaction times, there is a linear increase in readtmes as the angle of rotation increases
from the material’s normal (upright) position. Tlnas also been used in two-dimensional
representations of three-dimensional images (Shegaketzler, 1971). Since then, the
paradigm has been used for a varied amount of ktiamad different tasks, including
letters, cubes, or figures (Ruthruff, Miller, & lamann, 1995; Cohen et al., 1996; Kosslyn
et al., 1998; Harris, Egan, Sonkkila, Tochon-Dandgegxinos, & Watson, 2000; Jordan et
al., 2001). Orton’s brain model was rejected duethte findings of mental rotation

experiments. In a study by Corballis, Macadie, &Be (1985a); Corballis, Macadie,
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Crotty, & Beale, (1985b) dyslexics of an average afj12 and normal reading children of
the same age group were tested on letter namikg taswhich the letters were either
normal or mirrored (horizontal rotation) and weregented either in the right/left visual
fields. The participants responded by pressingdifferent keys, and their judgments were
based on if the letter was normal/mirrored, regassllof the angles of rotation. According
to the findings, no differences between mean readimes and error rates were found
between the normal reading and dyslexic childrempheference for the normal letter over
the mirrored letter was found. Further, no intaoactoetween visual fields and rotation
angles was present. Corballis et al., (1985b). étecladed that, reading disabled children
do not show equilibrium for left and right hemispd® and the findings were against the
model proposed by Orton. The group differenceslésyss and normal reading children)
for the mental rotation letter naming task was abgethe Corballis et al., (1985a) study;
this was explained with the help of the FCD modeppsed by Lachmann, (2002).
According to the FCD model, the letter naming tasles not require mental rotation.
Ruesseler, Scholz, Jordan, & Quaiser-Pohl, (2005)d that dyslexics were impaired on
the mental rotation tasks involving letters, sha@esl pictures, in comparison to normal
reading children. In an another study by Rusialalet(2007) a total of 28 participants,
including 16 dyslexics and 12 normal reading agedehed polish children participated in
the study. Their stimuli consisted of five letté®,F,R,e k), and were presented in normal
as well as mirrored form, starting from the uprigbtation angle 9187 (clockwise
multiples of 48). The participant’s responded to normal and médotetters with a
different key press, irrespective of rotation asgl€hey found a linear increase in the
reaction times as the angle of rotation increasewh the upright position. These findings
replicated the results of earlier studies using talerotation task (Shepard & Cooper,

1982; Jordan et al., 2001; Harris & Miniussi 200Byslexic children showed the same
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trend of reaction times, the difference being tttety were significantly slower than

normal reading children (769 ms versus 648 ms).r€kalts supported the FCD model by
Lachmann (2002). Corballis et al., (1985a) alsontbuhe same effect of the mental
rotation even for the symmetrical letters “b” andl’;“they further explained that these
effects are not limited to symmetrical letters, also true for non-symmetrical letters; It is
a generalized effect which is restricted to lettefhey suggested that visuo-spatial
capabilities are intact in dyslexics because tlodipwed the same trend of rotation, except
that they showed some delayed effects in informagimcessing of mental rotation tasks

for letters.

The present study extends the work of Corballialgt(1985a); Rusiak et al., (2007) in
which dyslexics and age-matched normal readinglaml performed mental rotation tasks
with letters. The classical paradigm, discoveredClyper & Shepard (1973a; b) was one
in which letters were shown in isolation in themaf or mirrored form. According to the
predictions of the FCD model, dyslexics are predicto perform equally well while
rotating the letters; requiring a mental processweler, dyslexics will have problems in
decision making with the orientation of the let{@ormal/mirrored). For this reason,
dyslexics will show a delayed response in the nieotation of letters, i.e., dyslexics will
be delayed in information processing while decisinaking (pressing response keys).
According to the FCD approach, the symmetry gereatabn problem occurs only while
responding to graphemes, but it is not only truesfgmmetrical letters such as “b” and
“d”; hence, we have used letters which are symiadtyi dissimilar (letter, G, F, and R). In
order to further investigate the nature of percapsirategies used for the mental rotation
task of letters by dyslexics, neurophysiologicaE(ERP) methods must be applied

(Goswami, 2004; Rusiak et al., 2007).
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Neurophysiological methods (EEG/ERP) and mental raition

Mental rotation is a cognitive process which idfidifit to explain because it is one of
many cognitive processes which are processed uciomsty. Hence, there is a need to
combine neurophysiological methods to fully undamndtthe underlying mechanisms and
the temporal processing involved. Therefore, thigly adopted event-related potentials
(ERPs) as a neurophysiological method. ERP is aegire to measure the electrical
activity of the brain through the scalp (Rugg & €x11995). Previous neurophysiological
research has suggested that humans show simitaistighile responding to tasks such as
recognition, identification, mental rotation andolpiem solving (Cicconetti, Priami,

Sagrafoli, Tafaro, Ettorre, Donadio, ... & Marigliand007; Lai, Chiu, Gadow, Gau, &

Hwu, 2010). For example, when humans respond temahrotation task, the greater the
angle (greater the angle of rotation) of the stimulthe larger the rotation-related
negativity (the positive waveform decreases as ahgle of rotation becomes more

complex, Heil & Rolke, 2002; Milivojevic, Clapp, doson, & Corballis, 2003).

This mental rotation process is reflected as a rnabeld, delayed, positive waveform
ranging between 300 to 1000 ms and has an invelaton to the rotational angle of the
stimulus; the waveform becomes more negative asctimeplexity associated with the
angles of rotation increases (Peronnet & Farah9;188il, Rauch, & Hennighausen, 1998;
Heil & Rolke, 2002; Heil, 2002). The gradual de®an amplitude (as the angle of
rotation becomes more complicated) is thought tedaesed by a superimposed negativity
on the simultaneously prevailing P300 complex (Reeb & Farah, 1989; Wijers, Otten,
Feenstra, Mulder, & Mulder, 1989), which is whyistreferred to as Rotation Related

Negativity (RRN) (Nunez-Pena, Aznar, Linares, Clréa Escers, 2005; Lust, Geuze,
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Wijers, & Wilson, 2006; Nunez-Pena & Aznar-Casano®09). The RRN is an

electrophysiological correlate of the mental ratatiprocess recorder by the cerebral
activations of the functioning brain (Heil, OsmaMiegelmann, Rolke, & Hennighausen,
2000; Heil, 2002; Heil & Rolke, 2002). RRN as aulef increasing complexity, was

present during the mental rotation of both letemnd objects (Thayer, Johnson, Corballis,
& Hamm, 2001; Heil, 2002; Lust et al., 2006; Thagedohnson, 2006; Tao, Liu, Huang,
Tao, Yan, & Teeter, 2009). Mental rotation is a Ivkelown task and is essentially

dominant in the parietal cortical regions; the tes&lso associated bilaterally in the middle
occipital gyrus, left superior temporal gyrus, nadiontal gyrus, and in the right superior
and inferior parietal lobes. The larger mean amgét of the rotation-related negativity
indicate that the participants used less mentadtiost to complete the task than the
baseline; this means that the task was easier. oesm amplitude shows that; more
cognitive abilities are required for the task alné task is difficult. According to the recent
framework of the literature, rotation-related négat is prominent in mental rotation tasks
and is found in the parietal electrodes. Thereforeghe current study, we analyzed the

ERP data from the parietal electrodes (P3, Pz dnd P

Aim of the study

The behavioral results of the mental rotation tasktetter perception collected thus far
indicate that group effects in mental rotation gaskcur later, in the decisive stage of
information processing (Rusiak et al., 2007). Betval data, however, provide only
limited information on the time course of the infa@ation processing. In order to evaluate
the hypothesis of a failure in suppressing symmgggeralization in letter perception,

psychophysiological methods need to be applied.déggned a mental rotation task with
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Latin letters, where all letters were visually gtbnologically dissimilar. Heil (2002) and

his colleagues were able to locate the effects ehtisl Rotation in the time course of
processing using event related potentials (ERPYhef electroencephalogram (EEG).
Latencies, amplitudes, and locations were defiredepresenting the performance of the

mental rotation process.

* Using this method allows us to check when the greffigct in mental rotation tasks
occurs. Dyslexics and controls process the letiethe same time or are dyslexics earlier
or later in information processing, this means thglexics show a late or an early ERP
component.

*  We expect an overall group effect (dyslexics andtrds) on reaction times and on
amplitudes (ERP).

* We also expect rotation related negativity (RRN)ick is prominent in mental
rotation tasks and to be found in parietal ele@sodinging between 400 — 1000 ms (Heil,
2002). Are there any differences between the ledtright parietal electrodes (laterality)?

* The larger mean amplitude of rotation-related neggat(RRN) will indicate that the
participants used more mental rotation to complb&etask than the baseline. Here we
expect that dyslexics will show less RRN (less {pasiamplitude) in comparison to
controls, as they have a critical problem in un@erding and making decisions about

rotation tasks with letters.

Method

Participants

There were 30 children from primary schools ancragthool care in Kaiserslautern,
Leipzig, and Saarbrucken (all major German citigajticipating in the study, with 13

diagnosed with developmental dyslexia (mean aged.§;ltwo females) and 17 grade
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matched controls (9.8 males; 7 females). All pgéints were right-handed and had
normal or corrected--to-normal vision. Each pap@eit received a gift voucher of a toy
shop equivalent to 15 Euros as a reward for ppgimn. Before participation, parents
signed a letter of informed consent for every chifdl participants performed the
Salzburger Lese-und Rechtschreibtest (SLRT — Landémmer, & Moser, 1997) reading
test and Ravens Standard Progressive Matrices re§ierman (Heller, Kratzmeier, &
Lengfelder, 1998). The Salzburger Lese test measansists of five different sections: (1)
frequent word reading; (2) chain word reading; I(8)g or short comprehension reading
(children up to grade 2 read short comprehensiahfeom grade 3, children read long
comprehension); (4) pseudo word reading (pronourieagon-word reading); and (5) non-
word reading. Participants were to perform in a# above-mentioned sections of reading
by reading aloud. Reaction times (using a stopweadokl the total number of errors were
noted by the native examiner for every section.sgbres of the SLRT were computed. A
control child had to perform within the norm of itheeference group, i.e. above the
percentage rank of 20 (rank >20 in each subtegleRic participants were expected to
perform below percentage rank 5 (rank < 5), ineast two subtests, particularly for
frequent and non-word reading (Lachmann, Berti,akj& Schroger, 2005) of the above-
mentioned subtests. Five subjects did not meettiteria and did not participate in the
experiment. Six participants met the criteria fog tyslexic group, but parents did not sign
the letter of consent for the EEG experiment; thggéicipants were excluded. All children

were of normal intelligence and performed withie thiteria of 1Q < 75.
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Material and Procedure

The experiment was performed using the ‘Preseme®mgramming Language’ for the

stimulus presentation and the portable ‘Neuroséanthe ERP data acquisition. For all
participants, EEG and behavioral responses wegeded from 360 trials in twelve blocks

of 30 trials each. Before the experimental blodegh participant had to participate in 30
practice trials. The experiment was performed dib'alaptop, positioned approximately

50 cm from the participant, resulting in a visualgke of 2.9 degrees, without head
fixation. Participants were instructed to minimiaedy and eye movements during the
experiment. The experiment was performed in a dirfity room, with minimal

environmental noise.

Three capital letters G, F, and R, were used feretkperiment. The letters were presented
in black against a white background. First, a fotcue was presented, followed by a
visual feedback: ‘+’ as correct and ‘—‘as an inectrresponse. Participants were supposed
to respond to choice reaction tasks by a key ptefisarrow key for normal letters, and
right arrow key for mirrored letters (see Figurel)2 The target was presented until a
response was given; the inter-trial interval wabexi500 ms, 600 ms, or 700 ms (because
the participant should not predict the occurrerficéh® next stimuli) and a target letter was
presented either in a normal or mirrored orientatidgth a rotation of about 3033¢, 9¢,

270, 150 or 210 (see Figure. 2.2). All trials were completely ramized.
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Normal Rotation Left arrow key
’7 Mirrerad Rotation Right Arrow Key

+ Correct Response
Fixation Cue R - Incorrect Response

Response

Feadback

Figure. 2.1. Sequence of stimulus presentation.
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Normal and Mirrored Rotation

-G GO
=0 O O

~99QC

Figure. 2.2. Angles of rotation used in the experiment.

ERP Analysis

The data were analyzed using an EEG lab toolboMaflab. Monopolar EEG was

recorded by AgAgCI electrodes from frontal (F3,df& F4), central (C3, Cz and C4), and
parietal (P3, Pz and P4) electrodes. Horizontalamtical eye movements were monitored
by two different electrodes. The left mastoid sdnas a ground electrode. Electrode
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impedance was kept at less than(® Kigitization rate was kept at 250 Hz. On average,
less than 30% of the total trials were rejectede Hntifacts and errors were rejected
manually and ocular corrections were also donedpass filters were used with a value of
the high pass at 0.5 Hz and the low pass at 3(BkHmnulus-locked epoching was done in
the time window of -100 to 1500 ms from the ondestonulus presentation. Mean ERP
amplitude analysis was done for only correct trfalsthe time window of 400 — 700 ms
and 800 - 1000 ms from the onset of stimulus ptesen, with a pre-stimulus baseline of
100 ms ERPs extracted from single-trial averaging lhoth groups of participants,
electrodes and experimental conditions. Statistfcts were tested for the amplitudes
for the time window of 400 — 700 ms using ANOVACclading ‘group’ as a between

subject variable and ‘levels of rotation’ and ‘Iatiy’ as within subject variables.

Results

Behavioral Results

A 3 x 2 Analysis of Variance (ANOVA) was performexh correct reaction times as a
dependent variable, for the within-subject varialéeation (30° and 338 — level 1, 98
and 276 — Level 2, 150 and 218 — Level 3) andGroup (dyslexics and controls) as a
between-subject variable. Ti&roup main effect was significang(1, 28) = 5.597p =
0.025, and the main effect Bbtation, F(2, 56) = 53.86p = 0.000, was also found to be
significant. Interaction betweeRotation X Group was not found to be significant.
Dyslexics were slower (Level 1 — 1652 ms, SD = #@&us Level 2 — 1878 ms, SD = 703
versus Level 3 — 2025 ms, SD = 600) in respondinghe rotation task compared to
controls (Level 1 — 1189 ms, SD = 341 versus L@vel1357 ms, SD = 462 versus Level 3
— 1610 ms, SD =541).
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One-factorial within-subject ANOVAs in each groumsvperformed. ControB(2, 32) =
33.58,p = 0.0® and dyslexicsk(2, 24) = 22.962p = 0.0®, both showed significant main
effects of the variable rotatianAdjustment for multiple comparisons was done using
Bonferroni correction to perform pairwise compansdor the variable rotation for both
groups. Controls showed signifidagfferences between Level 1 and Leve| g = 0,002,
Level 2 and Level 3 = 0.000and for Level 3 and Level p,=0.00Q Controls showed an
increase in reaction time with an increase in thamexity of rotation (increasing angles
of rotation) of letters from the upright positioseg Figure.2.3). Dyslexics also showed
significance forLevel 1 and Level 2p = 0.001 and Level 3 and Level p,= 0.000, while
effects for Level 2 and Level, = 0.160, were not found to be significant. Dyslexics
showed arincrease in reaction times with an increase incthraplexity of the rotation of
letters only for Level 1 versus Level 2 and Levelesus Level 1. Differences between
Level 3 and Level 2 were not found to be significhecause, as the angle of rotation
becomes more complex, dyslexics are unable to betlt the angles differently. These
results could be interpreted as floor effed@scerall, the task was more difficult for
dyslexics when compared to controls, because ofynemetry generalization dyslexics

have for letter perception (see Figure.2.3).

Further, error rates were also analyzed andGteip main effect,F(1, 28) = 13.10p =
0.001 and the effect d&lotation, F(2, 56) = 31.80p = 0.000 was significant; no interaction
was found to be significant. One factorial withigect ANOVA in each group was
performed for error rates. Control§2, 32) = 12.881p = 0.000 and dyslexic§;(2, 24) =
18.811,p = 0.000, both showed significant main effects e variable Rotation. Error
rates for dyslexics on rotation for Level 1 versasel 2,p = 1, Level 1 versus Level B,

= 0.000 and Level 3 versus Level 2,= 0.005. On the other hand, controls showed

significant differences between Level 1 versus L&8ye = 0.005 and Level 2 versus Level
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3, p = 0.005 as well, while the difference between lLdvgersus Level 2p = 1, was not
found to be significant. Dyslexics and controlstbehowed the maximum percentage of

errors for Level 3. Level 1 showed the minimum petage of errors (see Figure.2.4).

Dyslexics and controls showed a proportionate mseein Error rates as there was an
increase with the complexity associated with thek.tdn addition to this, controls were

more accurate (Level 1 - 3.5% versus Level 2 - 4/8%us Level 3 - 11.3 %) as compared
to dyslexics (Level 1 - 8.91% versus Level 2 - DO®Pversus Level 3 - 20.25 %) (see

Figure.2.4).

0

e

0Dy sexics
B Controls

Level 1 Level 2 Level 3

Figure.2.3. Reaction Times for both groups (dyslexics and coruls). The X axis represents
angles of rotation and the Y axis, reaction times.
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Figure.2.4. Error percentages represented as the Y axis for Il groups (dyslexics and
controls) and the X axis represents angles of rotiain.

Mean Amplitude
Laterality Rotation
P3 Pz P4 Levell Level2 Level3
Dyslexics 8.827 11.115 9.396 10.138 10.0337 9.1664
Controls 10.627 13.801 9.437 13.184 11.648 9.100
Mean Standard Deviation
P3 Pz P4 Levell Level2 Level3
Dyslexics
3.237 4.660 4,946 4,139 4391 4,372
Controls
3.900 3.868 4.981 4.004 4.356 4.005

Table 1. Mean reaction times and standard deviatia (SD) (400-700 ms).
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ERP Results 1

A repeated measure ANOVA was performed for ampésudithin the time window of
400-700ms (Heil, 2002) for parietal electrodes P, and P4, for the independent

variables:

« Laterality (P3, Pz and, P4),
+ Rotation (30° and 338 Level 1, 98 and 278 - Level 2, 156and 218 — Level 3)
and

e Group (dyslexics versus controls)
The Group effect was not found to be significant. The mdiea of Laterality F(2, 56) =
19.655,p = 0.000 andRotation, F(2, 56) = 16.861p= 0.000 were significant. Interestingly,
an interaction betweebaterality X Group F(2, 56) = 3.185p = 0.049 andRotation X
Group, F(2, 56) = 6.026p = 0.04 was also found to be significant, howevwer,triple
interaction was significant (for interaction plopease refer to Figures 2.6 and 2.7). The
mean amplitude and standard deviations are showabie 1. Adjustments for multiple
comparisons were done using the Bonferroni cooac(i-test) to perform the pairwise
comparisons for controls and dyslexics separatglgnbltiplying the significance value of
the total number of pairwise conditions within tivatriable. We considered thpe= 0.05
ERP amplitudes as very sensitive; usually a diffeeeof .0nV is considered to be
relevant. Therefore, post-hoc analysis has beem dsing (i) the Bonferroni correction
and (ii) without the Bonferroni, because, after Igipy this correction, the significance
values become more stringent and even a tendenegrde significance becomes

insignificant.
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Two factorial within-subject ANOVA in each group svgperformed. Controls showed
significant main effects of the variablésterality, F(2, 32) = 19.562p = .00Q and
Rotation, F(2, 32) = 28.473p = .000. No interaction was found to be significanirther,
as mentioned above, adjustment for multiple conspas was done with and without
Bonferroni correction to perform pairwise compansdor the variables laterality and
rotation. With the Bonferroni correction, signifidadifferences were found between Level
2 and Level 3p =.000 ¢(16) = 5.429p = 0.000) and Level 3 and Leveld= 0.000 {(16)

= -8.098,p = 0.000), whereas the difference between Leveind bBevel 2 was not
significant,p = .107 {(16) = -2.295,p = 0.107). Without théonferroni correction, the
difference was found for the condition Level 1 dravel 2,p = 0.036(t(16) = 2.295p =
0.036). Controls showed the maximum amplitude fevdl 1 in comparison to Level 2 and
Level 3; the amplitude decreases as the level tdtiom increases (see table 2 and
Figure.2.10). Dyslexics showed no significant défeces between the angles of rotation.
The trend of the angular disparity of rotations wassent only for controls and not for
dyslexics. Therefore, only controls showed a typmattern of rotation, as the angular

disparity increases the rotation-related negati{lRRN), see Figure.2.10.

Conversely, considering the variable lateralityhwihe Bonferroni correction, controls
showed significance for P3 versus Bz= 0.000 {(16) = -6.427,p = 0.000) and for Pz
versus P4p = 0.000 {(16) = 5.391,p = 0.000), while P4 versus PB,= 0.486 {(16) =

1.465,p = 0.486) was not significant. Without the Bonfeiir@orrection, no different

results were found.

Dyslexics showed significant main effects only fioe variable lateralityi-(2, 24) = 4.729,
p = 0.019; no interaction was found to be significaRurther, with the Bonferroni
correction, dyslexics showed significance onlyR& versus Pz = 0.036 {(12) = -2.959,
p = 0.036), and Pz versus P4, p = 0.0842) = -2.501p = 0.084) while P4 versus P3z=
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1 t(12) = 0.666p = 1) was highly nonsignificant (see Figure.2.6)thdut the Bonferroni
correction, Pz versus P#,= 0.028 {(12) = 2.501,p = 0.028) was significant, but the

condition P4 versus P3, remained nonsignificant.

Dyslexics and controls showed greater amplitudescémtral parietal electrode (Pz) in
comparison to the left and right parietal electr@@d8 and P4). Both groups did not differ
in the activity related to the ‘Left’ and ‘Right'dmispheres, no hemispheric differences
were observed (see table 1 and Figure.2.5). Oyatgdlexics showed reduced activity
because they have more problems responding to hetédion tasks in comparison to

controls (see Figure.2.10).

ERP Results 2

On the basis of visual scanning for the dyslexitigipants, a change between the baseline
activity was observed in the time window of 800-Q00s (see Figure.2.10). Therefore, a
repeated measures ANOVA was performed for the anggs of the time frame of 800 -
1000 ms for both groups faaterality (P3, Pz and, P4) aribtation (30° and 338 — Level

1, 9¢ and 278 - Level 2, 150 and 218 — Level 3).Group andRotation main effects were
not found to be significant. Only the varialhlaterality, F(2, 56) = 31.014p = 0.000 (see
Figure.2.8) was significant and an interaction leetw variabledrotation X Group, (see
Figure.2.9) showed a tendency towards significai¢2, 56) = 35.333p = 0.066 (see

table 2 for mean reaction times and SD values).

Two factorial within-subject ANOVAs in each groupere performed. Controls showed
significant main effects of the variable lateralif(2, 32) = 28.030p = .000. With the

Bonferroni correction, significant differences wéoend between P3 versus Pz 0.000
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(t(16) = -4.883p = 0.000), and Pz versus B+ 0.000 {(16) = 8.930p = 0.000), and P3

versus P4,p = 0.344 {(16) = -1.688,p = 0.344) was not significant. Without the
Bonferroni correction, no different results werairid. Control participants did not show
any significance for the variable rotation becatlsy had finished rotation in the time

window 400 —700 ms.

Dyslexics showed significant main effects of theiafaleslaterality, F(2, 24) = 8.942p =
0.001, andRotation, F(2, 24) = 4.657p = 0.020, and no interaction was found to be
significant. With the Bonferroni correction, sigednt differences were found between P3
versus Pzp = 0.017 {(12) = -3.367p = 0.017), Pz versus Pg=0.002 {(12) = 4.697p =
0.002), while P3 versus Pg,= 1 {(12) = -.358,p = 1) was not found to be significant.
Without the Bonferroni, no different results wemaifd. With the Bonferroni correction,
dyslexics showed a significant difference onlylfevel 2 and Level 3 = 0.053 {(12) = -
2.752, p = 0.053), while Level 1 versus Level 2, and Le&land Level 1 were
insignificant. Without the Bonferroni correctionysiiexics showed significant difference
between Level 2 and Level 8= 0.018 {(12) = -2.752p = 0.018), Level 3 and Level f,
=0.079 {(12) = 1.920p = 0.079) showed a tendency towards significanegelL 1l versus
Level 2 was again nonsignificant. Dyslexics did shbw a typical pattern of RRN, but
some differences were observed between the level®tation. Level 3 showed the
maximum amplitude in comparison to Level 2 and lLelvgsee table 2 and Figure.2.5).
Dyslexics were not able to perform at Level 3 ahérefore, the activity did not change
and remained more positive. Level 1 showed lesgip@amplitude compared to Level 3
and it could be that dyslexics performed some imtadt Level 1 and, because of the easier
rotation condition, they were able to rotate thigehs (see table 2). For the time window
800 - 1000 ms, dyslexics and controls replicatezl fthdings for the variable laterality

mentioned in the results section’s ERP analys#&0D{700 ms).
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Mean Amplitude

Laterality Rotation
P3 Pz P4 Levell Level2 Level3
Dyslexics 6.616 9.477 6.279 7.33 6.524 8.591
Controls 5.371 8.169 4.460 6.546 5.780 5.674
Mean Standard Deviation
P3 Pz P4 Levell Level2 Level3
Dyslexics
3.505 6.075 5.606 5.635 4.705 4.905
Controls
3.344 4.078 4.021 4.345 3.723 4.050

Table 2. Mean reaction times and standard deviation(SD) (800 ms - 1000 ms).
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Figure. 2.10. Difference in Controls and Dyslexic children for he electrodes P3, Pz, and P4.

Discussion

Analysis without the Bonferroni corrections will bensidered for the ERP analysis due to
the fact that for ERP’s, even a small differenceassidered to be important. In this study,

we analyzed the reaction times and ERP’s of a rheatation task. We examined the
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difficulty associated with angular disparity ofation from the upright position. Due to the
inverse relation between increasing RT and anglestation, we hypothesized that the
RRN would increase as the angular disparity in@®aklowever, dyslexics and controls

would reflect the same pattern on ERP’s.

Behavioral findings

Dyslexics and normal reading children were comparedental rotation tasks with letters.
The letters and their mirrored images were preseitethe center with the clockwise
rotation ranging from 3bto 330" with multiples of 68 each. Participants indicated with a
different key press for normal or mirrored rotati@ooper & Shepard, 1973a). Normal
reading children were faster than dyslexics andosspatial processing seems to be intact
in dyslexics because identical effects were foundnental rotation tasks in both groups.
Group differences were also observed and dyslehave problems in responding to the
letters which have non-symmetrical mirror imagethatdecision stage (Lachmann, 2002).
These effects are not limited to the symmetricdete “b” and “d” (Rusiak et al., 2007).
The results replicated the findings of the FCD mdae (Lachmann, 2002)An equal
comparison between behavioural and ERP findingbowit Bonferroni analysis will be

considered.

ERP Findings

Mental rotation is a delayed process, as more imeeded while making a decision on
the stimuli presented with different angles of timta. In the task, the rotated stimuli have

to be matched with a natural version of the stinmlthe brain. The parietal cortex is
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responsible for the spatial abilities of object datler perception (Heilman, Watson &
Valenstein, 1993; Heil, 2002). The effects of meratation on ERPs also take place at the
later stage of information processing in the patietectrodes, between the time window of
400 - 1000 ms (Heil, 2002). Controls showed protehgositivity with a significant
decrease in positivity (resulted in an increasifigot of negativity) as a function of
increasing complexity associated with the stimalithie time window of 400 — 700 ms

(Wijers et al., 1989).

This finding replicates the previous finding of tmental rotation of non-corporeal objects
and letters (Heil, 2002), the study shows the iasirey effect of the mental rotation of
stimulus resulted as a proportionate increase iMN Ré&ecrease in positive waveform).
Additionally, the observed RRN for letters is coriipl@ with our behavioral data; the
increase in RT’s is a function of angle for rotaBoThus, our findings confirm the direct

relation between RRN and the mental rotation praces

Dyslexics did not show any significant differencetween the angles of rotation for the
time window 400-700 ms, possibly because dysleRmd not yet finished the mental

rotation and still did not know whether the stimgiluas normal or mirrored. This could be
a reason why dyslexics take more time in respontbrigtters, because they are trying to
suppress the symmetries present within them. (EBigurO, and also see FCD Model,
Lachmann, 2002), Possibly, late effects for dysiexn the behavioral data is due to the
delayed brain activity shown by ERPs because saieedifferences could be observed in
the time window of 800—-1000 ms. This could suppoe of our hypotheses that dyslexics
respond to mental rotation tasks but require mione to finish the rotation process. The
brain activity for dyslexics lasts for a longer dtion due to the inability to suppress the
symmetries between letters and their mirror ima@®slexics start the mental rotation
process at the same time as controls, but they sigedficantly more time to finish the
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rotation process. Dyslexics treat letters not Biyenbols, but like objects, and as a result,

have problems in suppressing the symmetries wiheatter (Lachmann, 2002).

In the time window of 800—-1000 ms, dyslexics showaesignificant difference between
Level 2 versus Level 3. Level 1 versus Level 3;vaéb a tendency towards significance,
but Level 1 versus Level 2 was nonsignificant. Titeed of RRN for the mental rotation

task was absent for dyslexics, possibly becauseshewed floor effects and therefore no
trend of RRN was found. Another possible explamatgould be that they showed no RRN
because they were more engaged in understandindiffeeences between normal and
mirrored rotations. Some differences between thglesnof rotation in the later time

window (800-1000 ms) could also be explained asomfusion between normal and

mirrored rotations.

Less positive activation in the ERP’s show that shiuli appear to be difficult for the
participants and dyslexics showed overall lesstp@sactivations (see Figure.2.5) because
the task was more difficult for dyslexics than ontrols. Adequate development of visual
and phonological skill is required for differentreg between different orientations of letter

perception and these skills are probably less deeel in dyslexics.

Laterality differences in both groups showed simpatterns on ERP’s. Dyslexics and
controls both showed significantly greater parietitral (Pz) activations in comparison to
the left or right parietal electrodes (P3 and R#)nany studies, the RRN was found in the
central electrodes (Heil et al., 1998; Heil & RqlR®02; Milivojevic et al., 2003; Nunez-

Pena & Aznar-Casanova, 2009, Chou, Huang, Lin, Shih, Han, ...& Li2012) because

the central hemisphere receives activation fronh blo¢ left and right hemispheres. Larger
mean amplitudes of rotation related negativity wévend in the central hemisphere,

signifying that the central electrode was saliemt fnental rotation. We also want to
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conclude that, inconstancy between the behaviordl ERPs were found in the present
study. The inconsistency may suggest that dyslexiag have different brain localization
than controls. Dyslexics do not perform mental tiotain the brain area where P3, Pz and

P4 electrodes were localized in comparison to otstr

Conclusions and implications

Dyslexics have difficulties in performing mentaltabon in comparison to controls, as
shown by more negative amplitudes (see Figure.EXp)ected RRN was only present for
controls and not for dyslexics. The cerebellum (ibhe of the brain responsible for motor
movements) could play an important role in autogsaditbn of specific reading processes
(Cerebellar Theory, Fawcett et al., 1996) and pafithe cerebellum are responsible for
mental rotation as well. The results also suggestad dyslexics were using a different
strategy for performing mental rotation and tharéhcould be a difference between medial
(left) and lateral (right) rotations (Horst, Jongsndanssen, Lier, & Steenbergen, 2012).
Further experiments should be performed to compbealifferences between the left and
right rotations. Good performance on the block giediest is indicative of appropriate
functioning of the parietal and frontal lobes; #fere, a verbally instructed block test
could be used to train dyslexics on letter consimactests using different angles of

rotation.
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CHAPTER 3

Symmetry Generalizationand Reading
Introduction

In Chapter 1, a mental rotation task was performatth letters having no visual or
phonological similarities even after rotation. st chapter, dyslexics and controls were
tested on letters having visual and phonologicallarities such ab versusd, p versusg.

In other words, dyslexics and age matched conwel® tested on symmetrical lettels (
d) and letters having similarities when rotatdep) on a letter identification task.

In the year 1896, a 14-year-old boy named ‘Perdgspite being of normal academic
performance, suffered from difficulty in learningriead and spell. No brain injuries, which
could have been the source of his reading probleres reported. At that time, Morgan
(1896) postulated that a congenital defect couldalmause of this difficulty. He further
explained that, this problem could be caused byorgenital defect in storing visual
impression of words. James Hinshelwood (1900, 181st agreed with Morgan’s views;
he gave a detailed description of the problem amtkidered it as a reading disability,
characterized as “congenital word blindness”.

In 1925, Samuel T. Orton described this readinficdity as strephosymbolia, or “twisted
symbols”. He believed that strephosymbolia was ecqmual disorder where visual
information is processed in a different way, sucét t'what is seen cannot be seen”. For
example, this could be “seeing” the letteasd, or was assaw. He also suggested that
such difficulties were produced by a developmerdalay in the establishment of
hemispheric dominance and that the reversal ereflscted a cardinal symptom of the
faulty development of cerebral dominance and ihmispheric communications. This
developmental delay disrupts the development ofctiilel’s ability to inhibit the mirror

image and the counterparts of letters and evensvdrdis assumed to lead to the optical

43



Visual Processing in Reading

reversibility in visual perception of letter oriatibn and sequencing errors while oral
reading and writing. Reversal errors are one of rtest frequent problems related to
developmental dyslexia. Individuals with dyslexia gery often confused when faced with
letters which are identical in shape but differéueé to different spatial rotation/orientation
(e.g.b-d, p-q, b-q, d-p) (Fisher, Liberman, & Shankweiler, 1978; Miles9B9 Brendler &
Lachmann 2001; Terepocki, Kruk, & Willows, 2002;denann & Geyer, 2003; Badian,
2005). This problem is common for beginning reade may disappear with a few years
of reading experience. Orton (1925, 1928, 192Mtifled three subtypes of reversal errors
made in dyslexia:

(1) Static reversals A visual difficulty in differentiating horizontdl or vertically
symmetrical letters, forming the combinations wstymmetry or rotationk( versusd, p
versusg, b versusg, andp versusd).

(2) Kinetic reversals. A tendency to confuse words which can be reatl bmivards and
backwards, such agas, which can also be read seav.

(3) The capability to process mirrored reading amiting.

The major gap in Orton’s theory was that he nevacqa an emphasis on visual skills, as
both visual as well as phonological skills are iegghin order to process a complex
process like reading (Lachmann, 2002). Libermaad.e{1971); Vellutino (1977); Fisher et
al., (1978) defined the importance of phonologigaicessing in the area. Phonological
segmentation, rhymes and other phenomena thatreetiig processing of language have
been shown to be more salient for the explanatiofaitures in reading development
(Miles & Miles, 1999). As a result, most of the ottgre explanations of reading disability
are based on the assumption of phonological defwithin the language processing
system (Snowling, 2001). Reversal errors cannatdfmed within the mono causal model

(phoneme) of reading disability. Liberman et all971); Fisher et al., (1978) have

44



Visual Processing in Reading

emphasized the phonological aspect as a significaason for reading disability.
Phonological deficit theories of dyslexia are ueabd fully explain the contradictory
findings in the literature by only focusing on thigonological aspects of reading problems.
Since many causal factors may affect reading,isthiesis we have examined multi-causal

models for other important factors which may afféetvelopmental dyslexia.

Letter reversal in the framework of Functional Coordination Deficit
(Lachmann, 2002)

Reading is a complex cognitive technique which caly be explained by a multi causal
model since reading is the coordination of visualctions, verbal (language) functions
such as phonology, semantic and syntactic codidgdacoding, guiding functions such as
memory, attention and motor skills, and orthogragiiord form) analyses. If any one of
these many functions is faulty or lacks coordimatwith the others, then reading is not
intact. Reading is seen as a primarily linguiskitl.sAccording to the disability literature,
reversals are assumed to be caused by a failudgineing together the visual and
phonological information representation in memory.

Reading problems in dyslexics result from failuee @ssign a phonemic sound to the
correct visual representation (Corballis & Beal®93; Lachmann, 2002; Lachmann &
Geyer, 2003). Dyslexics are commonly confused tigrde which have the same shapes but
are represented with different rotations (dagversusd, p versusq; Fisher et al., 1978;
Miles, 1993; Willows & Terepocki, 1993; Brendler Bachmann, 2001; Terepocki et al.,
2002; Lachmann & Geyer, 2003; Badian, 2005).

According to the FCD model (Lachmann, 2002), realeesrors are explained as resulting
from a failure in suppressing symmetry general@atn reading. Symmetry generalization
Is understood as an evolutionary bias in the dewedp infant towards an integrative,

holistic representation of the visual world (Rusetkal., 2007). Reversal errors are not
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difficulties resulting from spatial processing @infjuage symbols or objects; they are a
problem resulting from an ambiguous graphemic-phoaeepresentation. This problem
occurs when different letters have similar orieote when rotated or are mirror images,
like p andd, b andd. This is one of the cases where symmetry gemeataln produces a
problem. Failure to suppress such information duregeading will produce wage relations
between visual and phonological information. Thstutbs the functional coordination of
the phonemic and graphemic codes and causes ajeslém learning to read (Lachmann,

2002).

Aim of the study

Reversal errors are very commonly associated wytbledtia, including: (1) reversing
letters while reading and writing as in seeinmstead ofd, termedstatic reversal, and (2)
confusions with palindrome words (reversible wordsjch as seeing or writingias
instead ofsaw, which is termed &inetic reversal. Therefore, to test the responses of
reading-disabled individuals on static reversalg, wsed the letterb, d, p, andq in
different combinations and predicted that dyslexidividuals would show significant
difficulty in differentiating letters which were hiaontally or vertically similar (e.gb and

d) or similar because of rotation (elg.and ). We used different letter combinations
including both types of similarities. For exampkesks included “fobd — press right arrow
key andpq — press left arrow key” (symmetrical versus synrioak) and “forbq — press
right arrow key andlp — press left arrow key” (rotation versus rotatiofflese conditions
would tend to be easier for dyslexics because #ineynaking use of only one strategy at a
time, either symmetry or rotation. However, whewe fletters were paired using both
symmetrical and rotation similarities within tharsacondition, then the reading impaired
would show difficulties in responding because timegded to differentiate between the

letters using two strategies simultaneously, amwlould make the task difficult and more
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challenging for dyslexics compared to controls. Were interested to test the reversal
error paradigm using Indian children diagnosed wiyislexia and age-matched controls.
These children were non-native English speakers Bndlish was the medium of
education in the schools.

Method

Diagnostics

Identification of normally progressing readers alyslexic readers was based on multiple
measures, including a teacher’s report in the fofra problem checklist, performance on
reading tests assessing reading accuracy, spegdasumre of errors in Hindi (L1) as well
as English (L2). Progressing readers were idedtifigthe teachers of grade8 8nd 4" on

the basis of academic performance and reading auichgvskills as well as the teacher’s
report on the problem checklist (Tripathi & Kar,0&). The experiment was carried out in
three schools in Allahabad City, located in thetim@m Indian zone. The children
identified by the teachers were further subjected formal assessment, including tests of
such reading skills as word and non-word readiegding and listening comprehension
and a test of intellectual functions. Children, w@scores were greater than 80% on the
reading tests of word and non-word reading andimgadomprehension, and who had
average or above average intellectual functionsreweonsidered to be normally
progressing readers. Dyslexic readers were alsialipiscreened by the class teachers of
the 3% and 4" grades across three schools using the problem liste€kripathi & Kar,
2008) and were subjected to the same reading assesbattery used to identify normally
progressing readers. Children who were found tauszage or above average (defined as
on or above the 30percentile on CPM) on intellectual functions ahdse with adequate
listening comprehension, but who scored two stahdadeviations below the mean

performance of normally progressing readers onimgatsks, particularly word and non-
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word reading, were considered to be dyslexic readEerom these, only 14 students
classified as having dyslexia participated in thalg. The combined accuracy scores from
each separate reading test of normally progressiaders and dyslexic readers were found
to be normally distributed. Among all the readingasures, word and non-word reading
tests were found to be more accurate in classifyiogmally progressing readers and

dyslexic readers (for details, see Appendix I).

Participants

Altogether, 27 Indian children (mean age: 9.8 ygdrd dyslexic children (four females)
and 13 controls (five females) participated in stedy. All participants were reported to
have normal vision or corrected to normal visioheTstudy was conducted in English-
speaking schools in Allahabad, Uttar Pradesh, Intiee English language had been the
medium of education for all participants since kirghrten (KG). Written consent was
obtained by the school authorities in order to catdhe study. The study was approved
by the University of Allahabad’s Human Participation Scientific Research Ethical

Committee.

Material and Procedure

The experiment was performed in schools in a dihiypom with minimal environmental
noise. Stimuli were presented using Direct RT expental software approved by the
American Psychological Association. The experimeas performed on a 15” laptop
computer positioned approximately 50 cm from theig@aant, resulting in a visual angle
of 2.9 degrees, without head fixation. The studg wanducted in two sessions, using four
different response categories, consisting of coatlwns of letters. The participants’

responses on a visual choice reaction task weogded. Four lowercase lettelsd andp-
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g, were used in the study with two different contraanditions, low and high. Each letter
was presented in black on a white background. @h &@al, one of the four letters was
presented at the center of the screen, followethbyisual fixation cue. All participants
were instructed to respond by pressing the appatepieft or right arrow keys for the
various letter combinations (elgd (left) versuspg (right) andbq (left) versusdp (right)).
Response categories and response keys were calaterbd over the participants. The
contrast was used as an additional variable for ekggeriment, and each letter was
presented using two different contrast conditiofiy: high contrast (48%) and (2) low
contrast (4%). For every participant, appointmemtse made for two consecutive days,
and, on average, participants took 40 minutes topbete one experimental session (see

Figure 3.1).

Fixation cue b

Stimuli

Figure 3.1. The procedure for stimulus presentation.
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Reaction times

Low Contrast High Contrast

bd Pq bq pd bd Pq bq pd
Dyslexics | 1583. | 1651.3 | 2229.83 | 2363.55 | 1399.05 | 1463.15 | 2144.41 | 2173.31

84 0 6 1 3 5 7 9
Controls 990.2 | 980.93 | 1612.08 | 1611.14 | 903.144 | 954.361 | 1417.60 | 1387.98

61 0 3 1 9 4 0

Standard deviation (SD)

bd pq bq pd bd Pq bq pd
Dyslexics | 467.8 | 533.56 | 581.1 589.25 456.523 | 537.759 | 583.250 | 654.680
10 3
Controls 251.5 | 214.63 | 637.987 | 559.866 | 223.029 | 260.993 | 492.661 | 410.445
26 4

Table 3. Mean reaction times for dyslexics and cordls across conditions.

Results

A repeated measure Analysis of Variance (ANOVA) wadormed on the correct reaction
times of dependent variables including (outlietesta being Rt's more than 145 ms and
less than 8000 ms):

» Response Categorbd, pg, bg, pd), and

» Contrast(low and high contrast) as the within-scbyariable, and

« Group (dyslexics and controls) as between-subj@cables.
The main effects of Response categ®i(B, 75) = 47.006p = 0.000, ContrasF(1, 25) =
43.190,p = 0.000, and Groug;(1, 25) = 16.008p = 0.000 were found to be significant.
Dyslexics (mean RT = 1877, SD = 114.74) were slowearomparison to controls (mean
RT = 1232, SD = 93.6). Interestingly, a triple natetion between Response Category x
Contrast x Group showed a tendency towards sigmiie F(3, 75) = 2.533p = 0.063.
Two factorial within-subject ANOVA's in each growpere performed. Control(1, 12)
= 22.265,p = 0.000, and dyslexic$;(1, 13) = 22.165p = 0.000, and both showed a

significant difference for the variable Contrastn@ols,F(3, 36) = 26.256p = 0.000, and
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dyslexics,F(3, 39) = 23.622p = 0.000, also showed a significant difference tioe
variable Response Category. On the other handratenshowed a significant double
interaction of Contrast x Response Categ6(3, 36) = 4.588p = 0.008, which was not
true for dyslexics. Furthermore, adjustment for tiplé comparisons was done using the
Bonferroni correction to perform pair wise compans for the variables Contrast and
Response Categor@verall, participants were slower in respondinghe low contrast
condition (mean RT = 1640, SD = 539.01) in compmarito the high contrast condition
(mean RT = 1492, SD- 514.8A.significant difference was found between high #owl
Contrast for controlsp = 0.000(low contrast mean RT = 1298.60, SD = 392.12, high
contrast mean RT = 1165.74, SD = 319,3&)d for dyslexicsp = 0.000(low contrast
mean RT = 1957.13, SD = 462.91, high contrast ni€hr= 1794.98, SD = 480.403ee
Figure 3.2.Both groups showed insignificant differences fog ttonditionsbd versuspq
and bq versusdp, all p = 1 (see Table 3 for mean RTs and SD). Furtherirals (see
Figure 3.3) and dyslexics (see Figure 3.4) showesigaificant difference betweebd
versusbq (dyslexics,p = 0.000, controlsp = 0.001),bd versusdp (dyslexics,p = 0.000,
controls,p = 0.000),pq versushq (dyslexicsp = 0.001, controlsp = 0.000) angq versus

dp (dyslexicsp = 0.000, controlgy = 0.000).

As mentioned above, a triple interaction indicatedendency (Response Category X
Contrast x Group). The data were also analyzedhtxlc these effects. Controls and
dyslexics both showed insignificant differences fioe condition (1)pq (high and low
contrast condition)p = 1 (see Figure 3.4 and 3.3). Dyslexics and cétooth showed
significant differences for (2bd (high and low contrastp = 0.003 (controls) ang =

0.002 (dyslexics), (3pd (high and low contrastyy = 0.004 (controls) ang = 0.009

51



Visual Processing in Reading

(dyslexics), and controls also showed significaiffecence in (4)bg (high and low
contrast)p = 0.007, while dyslexics did nqgi,= 1.

On average, dyslexics and controls both displayearaor rate of less than 5% while
responding to the letters. Analysis of variance aia® performed on error rates for both
the groups on the above mentioned independentblesiaThis variable contrast was
significant,F(1,25) = 4.329p = 0.048, but no other variable nor any interacti@siound

to be significant.

Contrast
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Figure 3.2. Correct reaction times for dyslexics and control$or the contrast
condition (low and high).
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Figure 3.3. Correct reaction times of controls for the respore categories.
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Figure 3.4. Correct reaction times of dyslexics for the resptse categories.

Discussion

The present study aimed to establish the differdreteveen age-matched dyslexics and
controls on a letter identification task. As menged above, the task was a choice reaction
task where two different types of response butteee assigned to two types of response

categories for a total of four letters, two of théaving one common response key. The
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response category was designed on the basis ofe{Ersible similarity (vertical or
horizontal symmetry) and (2) rotation (similarity ¢he basis of orientation). Dyslexic
participants were slower in comparison to contraésponding to the letter identification
with response patterns similar to those of thercbgfroup. Dyslexics showed significant
differences between low contrast and high contrastlitions, and they were faster on high
contrast tasks. Dyslexics also showed a similarepatof responses to controls in these
conditions. Dyslexics were slower on contrast cbhoads compared to controls, but the
pattern of responses was similar for both groups {ggure 3.2). This could be explained
in the framework of the magnocellular theory of ldyg (Stein, 2001). Lovegrove et al.,
(1980) found that the contrast sensitivity of dygie is impaired when compared with
controls (Mason, Cornelissen, Fowler, & Stein, 1)993yslexics have more difficulty
identifying things in a low contrast condition dte the impairment in the M pathway
(Stein & Walsh, 1997; Stein & Talcott, 1999).

Dyslexics and controls also showed similar respemsehe condition response categories
(see Figures 3.3 and 3.4). When response categegressimilar on the basis of horizontal
or vertical symmetry or in rotation, then the effewere insignificant. When symmetry
and rotation were both present within the two resgocategories, the effects were found
to be significant irrespective of the letter. Ihet words, symmetry versus symmetry or
rotation versus rotation was found to be insigaific and symmetry versus rotation and
rotation versus symmetry were significant.

Dyslexics and controls were faster in the conditadnsymmetry versus symmetry and
rotation versus rotation. Since they had to usestragegy at a time, they might possibly
be using a visual strategy to respond to the taskaated with symmetry. Dyslexics and
controls both showed significantly faster responfgsthe condition symmetry versus

symmetry compared to rotation versus rotation;réwersible letters or letters which have
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similar mirror images being assigned common respéeys facilitated performance. This
may explain why the response time was lower forraginy versus symmetry than rotation
versus rotation. Rotation versus rotation wasdiffi because the letter combinations were
not reversible, but rather rotated (180In this condition, dyslexics and controls were
required to scan every character, match the lettérsthe template stored in their brain,
and create a response. Here, the visual similamty no longer helpful; they had to store
the information of the visual structure of thedetand its association to the response keys.
They treated letters as symbols and not as obf€ttemsky, 1959; see also Klix, 1985;
Byrne, 1995; Deacon, 2000; Friederici & Lachman®)2 Lachmann, 2002). Responses
to identical letters are assumed to be a symptouheb€its in the coordination of visual
and phonological decoding (dyslexia). The failure s$uppress visually identical
information in the representation of visual symbsigh as letters may produce faulty
relationships between visual and phonological mation. This could in turn disturb the
functional coordination of processing of a letteetviieen grapheme and phoneme
conversion, which could be one of the major reasehg dyslexic participants showed
delayed responses (FCD model by Lachmann, 2002).

For symmetry versus symmetry, the task was autamatesrein the information about
visual structure had to be stored with the respeatesponse keys (left button for up and
right button for down). In the rotation versus tma condition, both types of the visual
structure of letters were present in a single respacategory (left for up and down and
right for up and down). The results were consisteitit the findings of Orton (1925) that
dyslexic individuals display a significant diffidyl in differentiating letters which are
horizontally or vertically symmetrical to each atler rotated. They are also consistent

with the findings of Brendler & Lachmann, (2001atltontrols and dyslexics had greater
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difficulties in differentiating between the orietitms of the letter. These findings are
interpreted as an indication of problems in thergs mechanisms.

The response category symmetry showed a signifaiffierence in rotation, and again the
above-mentioned explanation applies; responses faster for the reversible letters, or
symmetries, in comparison to rotated (Pornstein Bnsky, 1985; Wenderoth, 1995;
Herbert & Humphrey, 1996). The behavioral relevapicthe orientation of the symmetries
may be the result of frequently synchronized atitives which depend upon the behavioral
relevance of the memory unit (anagram) represeoyeitie neural cell assembly, which is
activated by the symmetrical version of the objgttbb, 1949; Lachmann, 2002). Here,
we could claim that because of symmetries preserihe letters (reversed or rotated),
phonological deficits cannot be the only causeuahsproblems, but that these problems
are related to an inadequate suppression of gé&etatymmetry information. These

suppression processes could be addressed by iadgrpnocess.

Conclusion

Delayed responses to the contrast condition seepebple with dyslexia could be
explained as a problem associated with the M-paghWhe neurons in the M-pathway for
dyslexics are not linearly aligned, and the nundfeneuronal connects are also less than
those of controls. This could be a reason why dysteshowed delayed responses to the
contrast condition. Further, delayed responses ysfedlics in the response categories
involving similarity on the basis of symmetry wdoeind to be more difficult compared to
rotation, which could be interpreted as an indaratiof problems in the learning
mechanism itself. One of the primary reasons whslekycs showed delayed responses

was faulty relationships between visual represamtatof the letter stored and associated
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phonology, which interferes with the normal proaegsof letter representation. Thus,

delayed responses could be due to this faulty ctdiome
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CHAPTER 4
Reading Structure from Motion

Introduction

In the previous chapter, we tested dyslexics and-nagtched controls on a letter
identification task using identical letters with rieais combinations of visual and
phonological similarities. This chapter led us riwastigate the perception of dyslexics of
meaningful words in motion. This chapter proposkat tdyslexics have difficulty
identifying the lexical information in motion due the problem in their Magnocellular
pathway (M pathway) of vision. Human vision perfaria grouping of elements based on
figure-ground segregation. The region, which hdsmdd shape and boundaries, viewed as
the figure, and the region that lies behind thengef shape, which is continuous in nature,
processed as background. Many visual cues corgribbuigure-ground segregation:

*  Symmetry

* Area

» Convexity

* Common fate

e Proximity

e Similarity

* Flicker synchrony
For example, a lower region in an ambiguous figgn@ind display is more likely to be
perceived as figure than the upper regions (Vedérgel, & Woodman, 2002). The figure
and ground perception involve two different typésntage analysis. Extracting edges and
assigning them to regions of interest as figuresolgjects is important for effective
segmentation. Figural assignment also depends meiped differences in qualities such

as luminance, color, motion, and texture betweem tegions. This implies that figure-
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ground segregation critically depends on surfapeesentations in addition to edge-based
processing. Weisstein and colleagues (WeissteinguM@ & Brannan, 1992) have
emphasized the role of spatial and temporal fregeenin figure-ground segregation
(Klymenko & Weisstein 1986; Wong & Weisstein, 198&Iymenko, Weisstein, Topolski,

& Hsieh, 1989; Weisstein et al., 1992). They fouhdt regions filled with high spatial
frequencies tend to be perceived as figures, wheregions filled with relatively low
spatial frequencies tend to be perceived as ground.

According to Weisstein et al., (1992) it is assuntiegdt there are two distinct types of
feature analyzers, those which prefer lower spaina higher temporal frequencies, and
those which prefer higher spatial and lower temp&eguencies. The division, which
prefers lower spatial and higher temporal frequemcepresents the ground, or locations in
the image that appear to be farther, and will Heed¢av for the magnocellular pathway.
The other class will be named P, for parvocellathway, and represents figures or
surfaces in the image plane that appears to bercldbe experience of figure and ground
segregation is due to the correlated activity @sthtwo channels. These representations
are continuous, and there are additional computstioade by the human visual system in

order to obtain the binary classifications of fig@and ground.

M-cells are more sensitive to motion, depth, lowtsd and high temporal frequencies and
low-contrast information (Cavanagh, Tyler, & Fawre£984; Livingstone & Hubel, 1987).
P-cells are comparatively more responsive to cdtwm, high spatial and low temporal
frequency, finer detail and high contrast informat{Schiller & Logothetis, 1990). Red
backgrounds relative to green and blue backgroumttease the response latency of the

human M pathway (Breitmeyer & Williams, 1990). Athese functional distinctions
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establish a connection for perceiving visual infation between ground (M-pathway), and

figure perception (P-pathway; Weisstein et al.,2)99

One of the most interesting things about the huwmianal system is the perception of
color. Color vision begins at the point where lightabsorbed in the retinal photo cone
receptors, whose primary aim is to transduce tl@st@magnetic energy into electrical
voltages. A complicated system of cells converis ¥oltage into action potential, and the
information is transmitted to the lateral genicelaucleus (LGN). The LGN is a unique
structure in the visual system, as it has been hopfrysically identified that several
fundamental computations related to color, form amotion occur in the LGN. This
processing is carried to the cortical areas oflttan. Color vision emerges through the
combined activity of neurons at different levels.

Motion perception serves several important funaidh provides the visual system with
information concerning the relative velocity, oesg and direction, of objects in the visual
environment. Even animals equipped with poor visality can detect form through
motion, because any movement in the environmentcignal the presence of a predator
or prey. At the level of the LGN, the processingcofor, form and motion starts and, at
this level, it is not possible to separate the gdif visual attributes, such as processing of
form and motion as opposed to that of color. Accwydo Weisstein (Weisstein et al.,
1992) and colleagues, hypothesised that, the Migcis suppressed due to the presence
of red color or the subsequent assignment to thiems filled with red as the ground. The
M-pathway is connected to the perception of motaond when a region is filled with red
color the M-pathway activity is generally suppresasad the activity of the P-cells comes

into prominence. This results in the identificatiohthe form much more quickly and
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easily as compared to the absence of the effettteo€olor red. Based on this hypothesis,

we have explored the phenomenon of structure-frastiem in the presence of color.

Magnocellular Deficit and Reading

People who suffer from dyslexia have difficulty elging things in motion in comparison
to controls. To make a direct comparison, behavishadies are needed. Many studies
focus on macaque monkeys with specific lesiondi¢oM and P cellular visual pathways.
These monkeys have a neuroanatomically similarctstre to humans, simplifying the
comparisons of anatomical and electrophysiologiledh from these species to the human
vision system. In both species, two types of gamgtiells access the visual information

transmitted from the retina. These are:

1. Magnocellular (M) cells are more sensitive to motion, depth, low spatial an
high temporal frequency (ground), and low-contiagirmation (Cavanagh et

al., 1984; Livingstone & Hubel, 1987).

2. Parvocellular (P) cellsare comparatively more responsive to color, fdmgh
spatial and low temporal frequency (figure), firdetail and high contrast
information (Schiller & Logothetis, 1990).

These two cells are located in the layers of therdh geniculate nucleus (LGN) of the
brain region named as the thalamus. The informatibtained from M and P cells is
further distributed. In the year 1991, Livingstoaed his colleagues compared M and P
cells in the layers of the LGN from dyslexic indluials and controls. No differences were
found in P cells for controls and dyslexic childreétiowever, when comparisons were

made of M cells, they found that, in dyslexic indivals, the M cells were found in smaller
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amounts and the size of the cells were relativeiglscompared to controls. This finding
further highlighted how the anatomical abnormabfyM cells in the dyslexic brain can
also cause problems such as motion blindness (&chil Logothetis, 1990). The above
findings suggest that a magnocellular deficit caplan reduced motion sensitivity and

reading problems in people suffering from dyslexia.

Magnocellular Theory of Dyslexia (Stein, 2001)

In general, as a process, reading is complicatedrequires good orthographic skills for
the recognition of the visual form of words so thaaning can be understood. In addition
to this, reading requires developed and automatedglogical as well as visual skills to
differentiate between familiar and unfamiliar wordfer acquiring the language skills
required for reading. In the human brain, many asgtnies are also present, which may
vary with the nature of the task as either the ¢efthe right hemisphere may offer an
advantage. For reading, the controls will havedtieantage of the left hemisphere over the
right (Demonet, Wise & Frackowiack, 1993). Tempoigal language areas at the tempo-
parietal junction are responsible for language g@semg, but the dyslexic’s brain is
without any left-side advantages (Galaburda, LeMiggmper, & Geschwind, 1978).
About temporal processing of events, guided frosuai action, the M pathway is also
responsible for the temporal processing and timifigvisual events while reading.
Dyslexic readers have delays in processing thangddsk, and an M cell deficit could be
a reason for their delayed response. M layerseL BN are underdeveloped in dyslexics,
having fewer cells in a smaller diameter (SteinQDO0 Due to this, dyslexics may
experience reduced motion sensitivity, and the dutar fixations could be unsteady as
well, which could lead to the poor visual localipat of letters in the space (Eden,

VanMeter, Rumsey, Maisog, Woods, & Zeffiro, 1996).
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One of the important functions of the M systemaishelp in controlling eye movements.
As mentioned above, it is argued that dyslexicvitllial has an impaired M system which
might result in destabilizing binocular fixationdapoor binocular control (Stein & Walsh,
2007). This could mean that for dyslexics lettgupear to cause visual confusioisig
seen as d) and could also give a moving effectleRis individual has unstable vision,
which makes them more likely to make visual ernetsle reading. Our M cell system
helps us to fixate at one position with both eyas] the higher the sensitivity of M cells,
the higher the fixation. The binocular static fioat also ensures that the letters appear
properly while reading. Dyslexic readers tend tckeneelatively fewer errors when they
have to process the visual information with one. &yge reason could be understood as
monocular occlusion, where one eye is protectirggwisual information to prevent the
moving around effect that occurs with both eyebinocular occlusion. Thus, reading with
one eye can also reduce the quantity of visualrerroade by dyslexics, and this
continuous practice over a few months can perminanprove their fixation (Stein &
Fowler, 1985). Furthermore, binocular vision credtestability by presenting competitive
versions at the locations of the letters. Therefoeading with one eye blindfolded
improves reading ability (Fowler & Stein, 1979; Gelissen, Bradley, Fowler, & Stein,
1992; Stein et al., 2000). In addition, Breitmey2®93) suggested that the M activity
during each saccade (eye movement) is also imgottarase the previous fixation.
Humans having a weak M cell system may fail to kis,tleaving the previous visual
fixation still active, possibly leading to a supeposed effect of the current and the
previous fixation. Children also easily confuseetter with the neighboring letters. The
minimum distance possible should be covered whiih Ilsaves a space for reading
saccades, as children tend to confuse letters oftea when letters are separated by 6-7

millimeter (mm). The M cells are also more saliét dyslexics individuals because this
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system reaches the thalamus 7-10 ms sooner than tells (Maunsell & Gibson, 1992;
Kranich & Lupfer, 2014). With the help of M cellhe visual motion sensitivity of a child
helps to find the correct order of letters in a avdf a child has a low M cell sensitivity, it
results in reduced visual motion sensitivity, regkispeed and increases the number of
errors while making a judgment on the correct oxfdetters in a word, especially when
seeing briefly presented neighboring letter anagréeng.,rain versusrian; Cornelissen,

Hansen, Hutton, Evangelinou, & Stein, 1998; St2dQ1).

Overall, the M system is the hub of visuo-motoratalities which resides in the posterior
parietal cortex. The superior colliculus and cefiein receive delayed signals. This
means that for dyslexics, M cells receive less irfpam the muscles controlling the eyes
(utrocular control), delayed responses are expeginand less stabilize fixation is
produced, especially when the eyes are convergad am while reading. This could be a
plausible reason why the vision lines of dyslexitcsss over each other, and the same
phenomenon could be experienced with the lettdrat i why dyslexics often reverse the
order of letter attributes, confub&s with d’'s and reverse the order of the letter presented.
Hence, the magnocellular system has a greater inmgale reading. This is why dyslexics

often complain that letters seem to be dancindwrihg.

On the other hand, the cerebellum has a very irapbrble in the ganglion cell family (M

cells); because it is also responsible for the difar fixations, it also contributes to
controlling the motor moments of the eye to fixateone point. Dyslexics also have an
issue with the connection between the cerebelludhgamglion cells, which often leads to

the problem of automatic shifting of the eye ga#e space.

The other aspect of magnocellular pathway is tihgblays a vital role in low contrast

information and high temporal and low spatial freqey, which is responsible for figure
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perception (Livingstone et al., 1991; Stein & Wald997; Stein & Talcott, 1999).

Dyslexics also experience challenges, identifyimgds with reduced contrast (Lovegrove
et al., 1980) and in differentiating between figarel ground. Dyslexics are also impaired
when distinguishing between letter sounds and tomadulation in speech while reading
because they are insensitive to perceiving higlguieaecy and amplitude modulation

(prosody). This insensitivity can also explain gnieblem related to phonology.

Aim of the study

The anatomical differences between dyslexic anthabbrains can only be differentiated
before the information reaches the primary visuatex (area V1 in the occipital lobe);
beyond this point, no differentiations can be mdmzause here the information is
combined and processed. Information from the magjhdar pathway provides key input
to the visual areas of the Medial Temporal CortBkT), sometime also called V5,
responsible for analyzing movement of objects amgrtlocation in space (Milner &
Goodale, 1995). The M and P cells contribute toglady processing of form, color and
motion, which contributes to the separation of fegand ground. The processing of these
cells is not unique and there is considerable apebetween them. Considerable research
has gone into the understanding of perception basestructure-from-motion. However,
little of it has explored the perception of motinom the standpoint of figure-ground
separation. Dyslexics often complain that lettesns to be blurred or dancing, and this is
because of the instability of their visual systdfddn et al., 1994). This study aims to
explore how when dyslexics see the lexical inforaratn motion, despite being impaired
in the task, they can still correctly respond totioma We have also introduced the red
background relative to a green background to examimether color information increases
the response latency of the human M system. We algib explore whether dyslexic

individuals will perform better with the task orthiey will find the task more complicated
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due to the M deficit. For controls, diffuse redhiigvill suppress the activity of the transient

M activity (De Monasterio, 1978; Wiesel & Hubel,66).

Method

Stimuli

For details of the diagnostic process used in #&xgeriment, see Chapter 3, Method
section and refer to Appendix.JAn image consisting of a red or green backgrouaden
up of broken stationary black lines to create nais#3.13 deg x 14.04 deg was shown at
the center of the screen. The luminance of thenetigreen colors was physically matched
(33.9 cd/m and 33.6 cd/ff). Words were made up of broken stationary blaokdiand
perfectly camouflaged with the background noiseKbn lines). The experiment contained
60 different four-letter words, both nouns and ge(Bppendix 1l). They constituted 3.8
deg x 8.06 deg visual angles, and were only disiolerawhen they moved from left to right
or vice versa. The distance between the monitorthaedbserver was approx 50cm (see

Figure 4.1).

Procedure

Altogether, 28 Indian children (mean age: 9.32 ggdr4 dyslexic children (four females)

and 14 controls (six females) participated in thelg. Details of the process of identifying

dyslexics and controls in India are discussed ipexalix 1, and Figure 4.4 contains details
about the intercept plot for the controls and dyisiewho participated in the current study
using red and green background$ participants in the current experiment wereaepd

as having normal or corrected to normal vision. HBedy was conducted in English

speaking schools in Allahabad, Uttar Pradesh, Intiee English language had been the

medium of education for all participants since kirghrten (KG). Written consent was
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guaranteed by the school authorities in order todaoot the study. The University of
Allahabad’s Human Participation in Scientific ResgaEthical Committee approved the
study. The stimuli were in the form of movies whérer-letter English words moved from
left to right or right to left. These stimuli wengresented using Direct RT stimulus
presentation software. The software recorded the of stimulus presented, presentation
time, response time, and accuracy. The experimastoarried in a dimly lit room on a 15”
laptop with a refresh rate of 60 Hz. The maximummslus (movie) presentation time was
35000 ms. The experiment consisted of 60 trials. daxh participant, half of the trials
were presented in red and the other half on greekdrsounds, and background color and
words were counterbalanced across the participahtswords were initially still for 2000
ms before they began moving. The task was to piresdeft arrow key as soon as the
moving word was identified. When the key was pedsa blank screen appeared with a
text box and the participant typed the identifiedrdv With children (dyslexics and
controls), the experimenter typed the words inttheé box as named and spelled by the
participant. A self-driven key was pressed to befm next trial (see Figure 4.1). Each
participant received four practice trials before thain session began, including two words
with each color. These words were not used in tlrexperiment session. The trials
were randomized. Before the session, the expergndmiefed the participants and gave
detailed instructions about the experiment. Afteg session, the participants were also

debriefed about the experiment and their feedbaknoted.
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Figure 4.1. The background noise and the construction of worgl used in the
experiment (list of words can be found in Appendix) on red and green backgrounds.

Results

Correct reaction time on the word recognition tastween groups (dyslexics and controls)
against red and green diffused backgrounds (cal@3 computed. A two-way factor
analysis of variance (ANOVA) for word recognitiogaanst the red and green backgrounds
was performed. The independent variable Cdft,26) = 4.836, p = 0.037, and Group,

F(1,26) = 40.878, p = 0.000, showed significant afe Interestingly, the interaction
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between background Color and Groefi,26) = 3.920p = 0.058, was also found to be
significant. Overall, dyslexics (mean RT = 3582 18B, = 95) were slower in comparison
to controls (mean RT = 2491ms, SD = 39) in respumdo the word recognition task.
Dyslexics showed significant main effects of theiatsle Color, F(1, 13) = 8.026p =
0.014, {(13) = 40. 348p = 0.014). No significant difference was found @ontrols for
red (mean RT =2499ms, SD = 595) and green (mean RAB3ms, SD =539) background
t(13) =.162, p = .873. Adjustment for multiple coanisons was done using the Bonferroni
correction to perform pair-wise comparisons of thariable Color for dyslexics.
Significant differences were found in red and greaokground colomp = 0.14. Dyslexic
participants were significantly slower (see Figdre) responding to red (mean RT = 3728
ms, SD = 453) in comparison to the green backgrqumehn RT = 3436 ms, SD = 319).
An interaction between Color x Group was significhlecause both groups responded
differently to the red and green background col@®wer responses by dyslexics are
discussed further in the discussion section of ¢hegpter. The Intercept point for controls
and dyslexics for red and green backgrounds (spad-i4.4).

Errors were also computed in order to understaacttfect of the word recognition task on
the two different background colors. The main graffect was found to be significant
F(1,26) = 14.156p = 0.000. No effects of color, nor the interactiogtween Color and

Group, were found to be significant (see Figurg.4.3
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Figure 4.2. Corrected reaction times (Y axis) for dyslexicsrad controls (X axis) for
red and green backgrounds.
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Figure 4.3. Error % (Y axis) of dyslexics and controls (X axs) for red and green
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Figure 4.4. Intercept point for controls and dyslexics for redand green backgrounds.

Discussion

On the basis of the current literature, we hadipted that dyslexics would be impaired in
the motion lexical task because of the problem @ated with motion perception (Stein,
2001). Dyslexics took a significantly longer time responding to the motion task
compared to controls (Livingstone et al., 1991;ir5& Walsh, 1997; Stein & Talcott,
1999). M cells are more sensitive to motion, deptw spatial and high temporal
frequency (ground), and low-contrast informatioray@nagh et al., 1984; Livingstone &
Hubel, 1987). The reason for the impairment of eyisls in a motion lexical task is that
the magnocellular layers of the LGN of the thalarates disoriented, and the neurons are

relatively smaller in a confined area when compacedontrols (Livingstone et al., 1991;
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Galaburda & Livingstone, 1993). This explains tlkeeuced motion sensitivity of people
suffering from dyslexia, reflected by the delayedponse times.

The P cells of the LGN are responsible for colarnf, high spatial and low temporal
frequency (figure), finer detail and high contrastormation (Schiller& Logothetis,
1990). In our study, we used two contrast-matchackéground colors, red and green.
Controls did not show a significant difference sponding to these colors. Red is
considered to be salient because of its long wagéteof approx 700 nanometers (nm),
while green belongs to a relatively short wavelbngjt approx 500 nm. According to the
Weisstein et al., (1992) model, impairing the fumming of the M-P Cells of the LGN
allows the activity of the P-cells to be at an adage. In our experiment, the M-pathway
was found to be involved in the lexical motion taakd diffused red light did not increase
the activity of the P pathway for controls. On titeer hand, the lexical motion task was a
less sensitive measure than the effects of backgroalor on M-channel activity, which is
why no significant effects were found for backgrdwolors for controls.

Dyslexics showed significantly long reaction timés red in comparison to green
backgrounds. Dyslexics generally do not have afficdity with the perception of colors,
because color perception is a function of the Pway, which is intact. Dyslexics have
impairments for tasks associated with the M-pathwising the red background decreased
the M activity for dyslexics, and thus the taskrefognizing words in motion was made
even more difficult. Therefore, the reaction tinnesreased and dyslexics were slower in
responding to the lexical motion word recogniticask. Consequently, the response
latencies were higher for red backgrounds compaoedreen. Responses to the red
background were significantly longer because dystexound diffused red light to be
interfering with the motion task. Therefore, higlaativations of P cells were found in

comparison to M cells, since dyslexics were morgaged in perceiving the differences
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between background color than in the motion tasifuged red light can make the
responses more challenging for the reading impaiFedther, we also predicted that
dyslexics would have significantly higher activaisofor P cells in comparison to M cells
because of the color saliency effect. M cells Wwilve reduced activity, because there are
fewer neuronal connections in the area, and caberscy will have the advantage over

motion detection.

Conclusion

Overall, dyslexics were impaired on word recogmitimotion detection tasks because of
problems associated with the M-pathway. The tas& eaen more difficult due to the red
diffused background, which also signifies the imeohent of the P-pathway over the M-
pathway. Dyslexics showed differences in perforreabetween the two background
colors, which could suggest the involvement of Ehway over the M pathway. Dyslexics
have problems related to the M pathway, which mayhy higher involvement of the P
pathway is reflected in the reaction times. Thaultesalso show that, for figure-ground
separation (word recognition on background colorg), significant differences were

observed in controls for red and green background.
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CHAPTER 5

Analytic Perception of Letters and Shapes: EvidencBom Non-
Reading Group

Introduction

In the present Chapter, we have compared illiteratividuals on letter and shapes
congruent task. These people were unable to igahigf letters. Thus a follow up study by
van Leeuwen & Lachmann (2004) on congruency effa@s performed. Reading is a
secondary process; learning to read depends otidnatcoordination of two established
skills: visual object perception and the abilityuse spoken language. Whereas the former
emerges at a much earlier stage than the seconll, de well entrenched in human
evolution. In learning to read, these skills areruged, modified, coordinated, and finally
automated, in order to enable skillful, fluent negd(Lachmann, 2002). As a result, letters
are detected and processed automatically in a-onosial fashion (Blomert, 2011). To
establish such a cross-modal representation reqgilorey training, possibly 3-4 years of
practice. Suboptimal automatization of this fune#ib coordination may lead to reading
disability (Lachmann, 2002; Lachmann, Schumacherya% Leeuwen, 2009; Blomert,
2011). As a result of reading practice, a diffel@min in perceptual processing emerges
(van Leeuwen & Lachmann, 2004; Burgund, Schlag@dPetersen, 2006; Burgund, Guo,
& Aurbach, 2009). For instance, children whose megdkills are not yet fully automated
process letters and similar geometric shapes inséime, holistic fashion: surrounding
irrelevant visual information are uniformly assiatéd with target letters and shapes
(Lachmann & van Leeuwen, 2008). Adult skilled raad&vhile still processing the shapes
holistically, treat letters analytically: surroundi irrelevant visual context is ignored

(Lachmann & van Leeuwen, 2004; 2008) or even algtigeppressed (van Leeuwen &
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Lachmann, 2004) in the early stages of visual feahinding. The question could be
asked: what perceptual skills do we lose when wguiee the differentiation in letter
versus non-letter processing? (Serniclaes, VenmMoaais, & Kolinsky, 2005; Deheane &
Cohen, 2007; Lachmann & van Leeuwen, 2007; Blon#0t,1). There is evidence to
suggest that normally reading children lose thditglib process letters holistically. For
instance, with letters and dot-patterns in a naicéd same-different task, dyslexic
children equally benefit from symmetry in both dmtterns and letters, whereas their
normal reading peers only perceived the symmetrythm dot patterns. As a result,
normally reading children werelower for letters than dyslexics (Lachmann & van
Leeuwen, 2007). On the other hand, skills seemimggy while in transition to fluent
reading may resurface later when reading is fullyegrated into our system. The
contrasting strategies for analytic processing l&dters versus holistic processing for
shapes in a classification task gave way to unifpriwlistic processing, once the task
required that (van Leeuwen & Lachmann, 2004). Thitesate adults cannot be said to
have lost the ability to process letters holisticalo properly investigate the question,
what we lose when learning to read, we comparedoapgof adult skilled readers to a
group who never learned to read, using the classifin task in which the differentiation
in processing between letters and non-letters wagnally found (van Leeuwen &
Lachmann, 2004). In this task, target letters aad-letters were surrounded by a task-
irrelevant shape. Non-letters were classified fadtéhe target and its surrounding were
formed congruent as compared to when they differedhape, i.e. when both were
incongruent. This is an example of the well-knowongruence effect (Pomerantz &
Pristach, 1989; Bavelier, Deruelle, & Proksch, 20@dd can be related to early and mid-
level visual perception (van Leeuwen & Bakker, 1:9886enke, Ohl, Nikolaev, Lachmann,

& van Leeuwen, 2009). The congruence effect indgdtolistic perceptual grouping. The
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surrounding visual information is bound to the &rgand is processed faster if both call
for the same response. For letter targets, howeherppposite result was found: letters
were categorized faster when surrounded by an groemt non-target than when the non-

target was congruent, e.g., a negative congrudifesd.e

Response Category J- - Response Category 2
Selection 1 A ‘ /\
Selection 2 A O C A
Selection 3 A H A
Selection 4 O C
Selection 5 |

Selection & C O

Figure. 5.1. Six selections of stimuli used in the experimenof individual
participants.

The observed dissociation was considered a prodfick special analytic strategy

optimized during learning to read in order to guéea a rapid grapheme-phoneme
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mapping. Binding irrelevant visual information frothhe surrounding would disturb this
fast mapping. The visual structure of the surrongdshape is therefore suppressed
(Lachmann, 2002). Doing so is more difficult forngouent than for incongruent items,
resulting in negative congruence effects (Brian@94t van Leeuwen & Bakker, 1995;
Bavelier et al., 2000). Thus, we may conclude thahe early or intermediate stages of
visual perception, skilled readers process letisisg a unique analytic encoding strategy,
whereas to processing shapes a holistic processiaiggy is still applied. For adults who
have never learned to read and are unfamiliar thghalphabet, we should not expect such
dissociation. Since they are not able to diffeastiletters from non-letters, they will
process both letters and non-letter shapes withaokethe same strategy (e.g., Dehaene,
Pegado, Braga, Ventura, Nunes Filho, Jobert, ... &ebp 2010b). The question is: will
that be a holistic or an analytic strategy? If iblemer, we may conclude that the analytic
strategy is a secondary adaptation; if it is arydicastrategy, we should conclude that both

analytic and holistic processing is intrinsic, pamy strategies of the visual system.

Method

Participants

Fifty-eight adults participated in this experimehhe experimental group consisted of 32
Indian illiterates (18 females), aged between 20 &h years (M = 28 years, SD = 3.71),
from a suburb Gadaiya Kalan (approximately 450 lfaats) close to Jasra village,
located 27.2 km west from the city of AllahabadtdutPradesh). These participants have
been living in this village since they were borrecBuse there was no school close by
when they were children, none of them attended achfdl participants are involved in
farming and sell their products to external deal@ming to this village. There is no

library in the village, nor is there any accesséwspapers. These participants received
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150 Rs. (equivalent to about 3 $US) for completimg experiment. All these participants
reported that they, while having normal vision drehring are not able to read neither
English nor Hindi, do not speak English, and arefamiliar with Latin alphabets. Prior to

the experiment their familiarity with the alphabeas determined by using a paper and
pencil, letter identification test, which includéa letters and non letter items, aligned in 6
rows. Each row contained 4 letters and 8 non-ttearticipants were instructed to mark
four items in each row of which they think they weetters (see Figure 5.2). They were
informed that payment does not depend on test peaioce. In case they were unable to
decide (typical statement: “this all looks Englihme”), they were instructed to guess.
The total mean hit rate in the questionnaire wa$SIl = 4). All participants included in

the present study performed within chance levelatoleast two rows. The control group
consisted of 26 Indian students (7 females), agddden 22 and 29 years (M = 26 years,
SD = 1.97) from the University of Kaiserslauterrer@any. All of them were able to read
fluently and to write in English. They received %urés (equivalent of 7 $US) for

performing in this experiment.

Material

As in van Leeuwen & Lachmann (2004, Experimentigre were 24 unique stimuli. They
consisted of targets: the four capital lettéysH, L, C; and the four geometrical shapes
square, triangle, rectangle, circle, each of whwhs shown either in isolation or
surrounded by a congruent or incongruent non-taggetnetrical shape (see Figure. 5.1).
For instance,A in isolation, A surrounded by a triangle (congruent conditioA),
surrounded by a rectangle (incongruent conditioff)e stimuli were scaled to an
imaginary 50 x 50 mm matrix, and the surroundingp&s to an imaginary 80 x 80 mm

matrix. Stimuli were presented in black (.29 cd/wA)a Laptop screen set to white (27.3
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cd/m?) at about 50 cm distance, resulting in aali@ngle of 3° without, and 4.5° with

surrounding. There was no head fixation.

Procedure

Literate participants performed in a laboratory the university. For the illiterate
participants, a room was rented in a private hansthe village which was prepared in
such a way that conditions were as similar to #dmtatory as circumstances allowed.
Electricity was guaranteed by using a generatoe Jame laptop computer was used for
both groups. Participants of both groups were deatemfortably in the dimly it
environment. The illiterate participants reportedhtave never used a computer before.
Therefore, before instruction, illiterates were figamzed with the screen, and with
pressing and releasing response keys in an exeermiactice session. Prior to the
experiment, all participants performed 12 warm mgils. Six different subsets of stimuli
were presented to participants in a counterbalafastdon (as in the original experiment,
see Figure. 5.1). For each individual, the stinwdire restricted to two letters and two
shapes. Letters and shapes were pair-wise singilgr,anA and a triangle. They were
assigned in a counterbalanced manner to two differ@sponse categories: For instance,
Category 1 was A and Rectangle” versus Category 2: “Triangle arid\ote that letters
and shapes that are similar to each other, sudhea8 and the triangle, were always
assigned to different response categories. Ineskileaders this design was found to
implicitly require a distinction between lettersdashapes (van Leeuwen & Lachmann,
2004). Response Categories 1 and 2 were assigneccaunterbalanced manner to two

response keys on the keyboard.
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TAMXIHAFS T IT

Figure. 5.2. The fourth out of six rows used in the paper and @ncil letter
identification test.

Altogether, each individual performed on 720 triadstargets x 3 conditions (isolated,
congruent surrounding, incongruent surroundingjh w0 repeated measures (see Figure
5.3). Trials were randomized, having 12 breakseatwiken. For illiterates the experiment
took up to one hour including the letter test, nmstion and practice; for controls it took

about 25 minutes.
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Response Category 1

Response Category 2

Isolated

Congruent

Incongruent

Figure5.3. The stimuli used in Selections 1-3 isolated, conggnce and incongruence
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Results

Reaction times (mean RT) and error rates were aedlyafter rejecting outliers, which
were .5% for the criterion, mean RT < 145 ms, &ébo.for the individual criterion. RTs
were analyzed for correct responses. Individual meeaor rates and RT were not
correlated ( <.01). For illiterates mean error rate was 3.3% amjed from .4% to 15%,
three participants had an error rate higher th&.1Mean RT was 980 ms (SD = 455 ms).
For literates, the mean error rate was 3.1 %, sogmtly below the 7.3% in the original
study with German adult§,(1, 49) = 10.1p = 0.00, and ranged from .1% to 10%, expect
for one participant error rates of all literatesr@vbelow 10%. The error rate did not differ
from that of illiterates. Mean RT was 454 ms (SDL86), which did not differ from
German adults in the original study (477 ms, S[26)Dut is significantly higheF (1, 56)

= 111.2,p = 0.000, than that in illiterates, whose RTs argembhan double. Only two
literate participants had average RTs over 600 mascaly one had larger RTs than the
fastest participant of the illiterate group. Bea@tlsere was no speed-accuracy trade-off in
evidence, we report Analyses of Variance (ANOVAJ ®T only, using Green-House
Geisser correction fop levels; uncorrected degrees of freedom are repo8eate mean
illiterates RTs of were nearly entirely outside tlamge of those of normal adult readers
(Lachmann & van Leeuwen, 2004; 2008; Jinchu, Lacinm& van Leeuwen, 2008; van
Leeuwen & Lachmann, 2004), ANOVAs were run for eagbup separately. For the
illiterate group, a two-factors repeated measur®OXA with Congruence (isolated,
congruent surrounding, incongruent surrounding) Muaterial (letter versus shape) as
within-participant factors revealed a main effemt €ongruence; (2, 62) = 5.86p = 0.01,
but not for Material g = 1). No interaction was in evidenge%£ 1). Congruent items (995

ms, SD = 475) were slower than isolated ones (96,/3D = 458)F(1, 31) = 5.67p =
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0.00, and slower as incongruent ones (976 ms, 829¥, F(1, 31) = 4.8p = 0.03. Isolated

and incongruent items did not diffey € 1).

The same ANOVA was run with the data from litenadeticipants. Main effect were found
for CongruenceF(2, 50) = 11.23p = 0.00, and Material-(1, 25) = 32.66p = 0.02.
Isolated items (443 ms, SD = 186) were faster tt@mgruent (458 ms, SD = 183) and
incongruent items (461 ms, SD = 187), which didditier. For Materials, letters (433 ms,
SD = 177) were responded to faster than shapesn/7&D = 191). An interaction was
found between Material and CongruentE€2, 50) = 4.89p = 0.00, due to a negative
congruence effect for letters and a positive coegce effect for shapes: Participants were
faster with isolated letters (421 ms, SD = 178ntkath incongruent letterd:(1,25) =
7.99,p = 0.01; Incongruent letters, in turn, were respanttefaster than congruent ones
(444 ms, SD= 175k(1,25) = 10.79p = 0.01. Also for shapes, a Congruence effect was
observedF(2, 50)= 5.69p = 0.00. Participants responded faster to isoladéd s, SD =
191) than to incongruent shapes (487 ms, SD = H®2),50) = 8.32p = 0.01 but not
significantly faster than to congruent ones. Corgtushape (473 ms, SD = 186) were
responded to faster than incongruent oig€8, 50) = 6.04p = 0.035. Results for both

groups are displayed in Figure 5.4.
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Figure. 5.4. Average reaction times (RTs) with error bars (5% onfidence interval)
for the experimental conditions for illiterate participants (left) and for literate control

participants.

Discussion and Conclusion

Amongst visual configurations, letters are spegedctice and familiarity make that letters

are processed much more efficiently than non-letterfigurations of similar complexity

(Burgund et al.,, 2006; Lachmann & van Leeuwen, 20 Leeuwen & Lachmann,

2004). In addition, letters have a specific fungtib relationship to phonemic

representations, a relationship which is develoged automated while children learn to

read (Frith, 1985). Recent studies have showntthatleads to enhanced differentiation

and the responsiveness of the visual cortices tbh bdhographic and non-orthographic

materials (Dehaene & Cohen, 2007; Dehaene, Nakandatzert, Kuroki, Ogawa, &
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Cohen, 2010a; Dehaene et al., 2010b; Cantlon, ,Pidedtaene, & Pelphrey, 2011). The
differentiation gives a new role to establish pptaal skills (Dehaene & Cohen, 2007;
Lachmann & van Leeuwen, 2007; Blomert, 2011) whiater modification, need to be
coordinated in order to guarantee fast and accuradeling (Lachmann, 2002). To
automate this functional coordination takes yedrseading experience. The question is:
what do we lose, once this automatization procesoimpleted? In a sample of illiterate
Indian participants, we found no difference in @ssing between letters and non-letter
shapes. Both were processed with equal speed @udaay, and both showed the same
preference for items presented in isolation versusurrounding, as well as the same
effects of surroundings congruence. In both lettarsd non-letters, incongruent
surroundings were preferred over congruent oneterdies of the same ethnicity, in
contrast, differentiated between letters and nttef® just as groups of skilled readers of
other ethnicities did (Lachmann & van Leeuwen, 200éhcho, Lachmann, & van
Leeuwen, 2008). They also showed a letter supgyri@ffect that, not surprisingly, is
absent in illiterates: letters are processed fatan non-letters and produce opposite
congruence effects: positive congruence effectadorletterspegative congruence effects

for letters.

The negative congruence effect in illiterates, itkeir preference for incongruent
surroundings, implies that an analytic perceptuedtegy prevailed (see Figure. 5.4).
Developmental studies might have led us to expeat before reading is automated, a
holistic strategy to predominate. Lachmann & vaeuwen (2008) compared adults with
different groups of children: beginning normal reedfrom Grade 3 and 4, and age
matched developmental dyslexics. Most of thesedadmnl showed positive congruence
effects for both letters and non-letters, indiagtholistic preference. One reason could be

that certain brain functions related to readingyeeslly auditory processing (Banai &
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Ahissar, 2006) is still developing at this age (esne, 1978; Cheor, Leppanen &
Kraus, 2000; Shafer, Morr, Kreuzer, & Kurtzberg,0Q0 Bruder, Leppanen, Bartling,
Csepe, Demonet, & Schulte-Koerne, 2001; Cepomdmest&kova, Balan, Alku, Yiaguchi,
& Naatanen, 2001; Parviainen, Helenius, Poskipaliami, & Salmelin, 2006; 2011). This
may keep them from using an analytic letter praogsstrategy that would enable rapid
grapheme to phoneme encoding. A subgroup of dysleildren in Lachmann & van
Leeuwen, (2008); (see also Lachmann, Steinbrinku®acher, & van Leeuwen, 2010),
with particular difficulties in reading non-word$owever, show particularly strong
negative congruence effect for letters. This suggtmt the analytic strategy, at least, is
present at this stage in development. The resuliyslexics, therefore, are not inconsistent
with those of illiterates: The negative congrueetfects in illiterates means that analytic
processing is not a reading specific, secondargréifiitiation in perceptual organization
that accompanies the process of learning to reatheR it is a generic and the primary
perceptual processing strategy, on a par with thistit strategy. Skilled reading recruits
this general perceptual strategy for letter recigmi and uses it in a coordinated fashion
along with other functions, including phonologicahgnitive, motor and attentional ones,
in meeting the specific demands of reading. Whaipiscific to skilled reading is not the
automatization of a letter-specific perceptualtstgg (Grainger, Tydgat, & Issele, 2010),
but the automated coordination of the various fiamel components in their specific
combination. In this process, letter processingbezs tied up with the analytic perceptual
processing strategy. As a result, adult readedsmger show the ability to process simple,
non-letter objects analytically. This result is accordance with the pervasiveness of
congruency effects in visual object perception K&oh & Schultz, 1979; Pomerantz,
Pristach, & Carson, 1989; Boenke et al, 2009)ntongruent conditions, observers fail to

ignore irrelevant information, even if this woulacilitate processing. This effect is usually
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considered a result dttentional interference of the irrelevant flanking or surrountd
information; this remains a puzzle if we considtf in principle, focused attention could
have been applied to the target (Miles & Proct@1®. The present study suggests that
this is because analytic processing has prefeligntiecome associated with reading.
Despite this, having learned to read does not reeddirely impossible the analytic
processing of non-letter shapes. Evidence of angbybcessing is not restricted to letters;
negative congruence effects, although sparse, canedfwhenever active suppression of
surrounding information is needed to distinguistarget (Briand, 1994; van Leeuwen &
Bakker, 1995; Bavelier et al., 2000). The fact tthe#ise conditions are rare suggests that
the differentiation that associates holistic preogg with non-letters and analytic

processing with letters is, by and large, effective
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CHAPTER 6

General Discussion

The preceding chapters combine different and compemadigms in the area of visual
perception of letter and words. These experimerdgsaaned at understanding the deficit
underlying developmental dyslexia, a very commaudieg disability observed in 5-10% of
school-going children (Stein, 2001). This prevatenmate may differ from country to
country, and even from region to region, becausethef different orthographies and
transparencies present in the languages. The aitineis to describe the differences between
the dyslexic and the illiterate population. Despi¢g®rous training, reading disability can be
reflected in delayed response time and high eat@srwhen responding to letters. However,
among those with no educational background, hovllitkrate people process letters? These
effects could be identical to dyslexia, or they nimey average compared to the adequate
reading population. Letters are unique becauskeollifferent grapheme representations and
matched phonemes which cause them to be processechore important and efficient way
than shapes or non-letters (van Leeuwen & Lachm&@®4; Burgund et al., 2006;
Lachmann & van Leeuwen, 2007; Chapter 5). Manyistutiave reported that dyslexics
have problems in responding to letters rather gtapes, as reflected by delayed response
times (Rusiak et al., 2007; Lachmann et al., 20@9)le illiterate individuals process letters
and shapes in the same way (see Chapter 5; CHapted Chapter 3), and no significant
difference was found between letters and shapesulRealso indicated that analytic visual
perception is dominant for the letter processifigefdate individuals use analytic perception
as a common strategy for the processing of bottertetand shapes (see Chapter 5).
Therefore, analytic strategy is not a secondareldgwnent resulting from learning to read,
but rather a primary medium of perceptual orgarmemabn a par with holistic perception,

dominant for object perception. Dyslexics and aolstboth process letters using an analytic
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and shapes using a holistic strategy, but illisgsaere somewhere in-between, processing
shapes and letters in the same manner. Dyslexias fueher compared on a mental rotation
task where it was reported that they had diffiegltin responding to the mental rotation of
letters (mirrored and normal, including clockwisedaanti-clockwise rotations) because of
the symmetries present in letters which createrementiain relation in responding, regardless
of whether the letter is normally or mirror rotatdalyslexics and controls both showed a
similar pattern of response on the mental rotatisk; despite dyslexics being slower due to
the visio-spatial processes dominant in mentaltiooiathese processes do not seem to be
involved in dyslexia (Lachmann, 2002; Rusiak et 2007; Lachmann et al, 2009). The
failure in suppressing symmetry generalization iapgieme-phoneme conversion is one of
the important causes of dyslexia.

According to the Event Related Potentials, thectftd the mental rotation task, resulting in
RRN was absent for dyslexics. Dyslexics showed sdae effects in comparison to
controls, and these could be interpreted as chygiemt the decision stage where they are
confused as to whether the letter is normal orared. The cerebellum (the area of the brain
responsible for motor movements) could play an irtgt role in the automatisation of
specific reading processes, significantly supprgssihe symmetries within a letter
(Nicolson & Fawcett, 1994). Additionally, the resubuggest that dyslexics were using a
different strategy to perform mental rotation, énnbs of the difference between medial (left
- clockwise) and lateral (right- anticlockwise)abbns (Horst et al., 2012).

Dyslexics were also tested on a lexical motion ceir task and the static reversal
paradigm k versusd — symmetryb versusq — rotation) because they also have problems
with letters which have similarity on the basis syfimmetry and rotation. Furthermore,
dyslexics also have problems identifying stimukgented with different contrast, as well as

detecting things in motion, particularly words. Tieason could be the magnocellular cells
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(M-cells; Stein, 2001) which are more sensitivad&ecting motion, depth, low spatial and
high temporal frequency (ground), and low-contiasbrmation (Cavanagh et al., 1984;
Livingstone & Hubel, 1987). Dyslexics were slowereall in responding to the above-
mentioned tasks. Dyslexics also showed delayedonsgs for rotation compared with
symmetries (see Chapter 3). These similaritieseptes1 the letters create an uncertain
relationship between the visual and phonologicdbrmation associated with letter
perception. Dyslexic individuals have problems lnitmg the symmetries present in the
letters, which, for satisfying reading, should he&oanatically processed. The inability to
handle visual similarities within a letter can leflected in the delayed response time taken
in responding to the letter at the decision stagel Model, Lachmann, 2002). Dyslexics
also showed problems in responding to contrastitiond (low and high contrast), and the
response latencies were significantly longer than dontrols (see Chapter 3). Further,
response latencies were also slower for dyslexicthe word in the motion detection task.
M cell deficits could also explain the reduced motsensitivity and problems associated
with low contrast information in people sufferingpiin dyslexia. Dyslexics have reduced
motion sensitivity (Eden et al., 1996) and the birar fixations are unsteady, which leads
to poor visual localization of letters as objects gpace. This is why dyslexics often
complain that letters seem to be dancing or crgadirfading or running effect. The M-
pathway also keeps the temporal processing of sxmntrack while reading, and the faulty
processing of the pathway means that dyslexicegall slower readers.

On the other hand, problems related to P-cells Inatdeen reported for dyslexics because
they do not have any deficits related to color pption. Using a diffused red background
decreased the M activity for dyslexics and involtkd P pathway more; thus, the task of
recognizing words in motion was even more challeggHigher response latencies were

reported for dyslexics for red background condsgi@mompared to green. In dyslexics, the
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M-pathway is affected, and since using a red bamkgt decreases M activity and thereby
increases the difficulty in identifying letters,dheffect would generate poorer performance
in red conditions compared to green. Hence, regpdinses for a red background were

greater than for those with a green backgroundrefbee, dyslexia cannot be attributed to a
single cause, but is rather the result of multi@hsional causes, which affect sufferers in a

variety of ways.
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Appendix |
Method

Participants

In total, 86 normal progressing readers and 20edyslreaders were identified, and later
depending upon the availability and willingnesstiése participants a fewer number
participated in the experiments. Out of these, oBW children participated in the

experiment mentioned in Chapter 3 and 28 partiegban the experiment mentioned in
Chapter 4. Children studying in coeducation schawith English as the medium of

instruction participated in the study. Both, norpgbrogressing readers and dyslexic
readers were matched with respect to chronologigaland educational level. None of the

participants had a history of any neurological/psgtric disorder.

As a usual practice in schools, in north Indiajdren who participated in the study had
been introduced to reading and writing skills sitaoéously in both Hindi ( L1) and
English (L2) languages. Since, the first year dftrnction at the kindergarten all the
children had better oral proficiency in L1 and mmal oral proficiency in L2 before they
started learning to read both the languages. Vébereading /writing skills for L1 and L2
start at the same time. All the children were edte their oral proficiency in both the
languages using an expressive speech task (namatgre description, narrative, speech
which includes making sentences with three giverdajoand they were found comparable
with respect to vocabulary (appropriate to thelagel) and object naming but fluency was
better for L1 as compared to L2 on picture desiamptask. Linguistic environment of all
the participants was also examined by using a laggubackground questionnaire
administered with the parents of each participdhe(Virtual Linguistic Lab (VLL) Child

Multilingual Questionnaire, 2005). The informatioobtained on the questionnaire
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indicated that more than 80% of the time L1 wasl#mguage of use at home. L2 as a
spoken language was used only in school and mestgn talking to teachers. Exposure
and use of L1 was more in the household and ameagsgdor all the participants. All the
participants were right handed and they were seckérr visual acuity and auditory acuity
using brief screening tests. All the participanésl mormal or corrected to normal vision.
Written informed consent was obtained by the rebpeclass teachers and parents for

each participant during the identification procedur

Identification of normally progressing readers anddyslexic readers

Identification of normally progressing readers alyslexic readers was based on multiple
measures, including a teacher’s report (problentidist), performance on reading tests
(reading accuracy, speed, and nature of errordjlimdi (L1) as well as English (L2)
language (see Appendix A for description of genenalasures and reading assessment
battery). Normally progressing readers were fidentified by the class teachers of grade
1, 2, 3 and 4 across three schools in Allahabadirinorthern India. On the basis of the
academic performance, reading and writing skillscker’s reported to the checklist of
problems (Tripathi & Kar, 2008) associated withdielifficulties for every child studying

in that grade . The children identified by the te=rs were further subjected to a formal
assessment, including tests of reading skills sisclvord and non-word reading, reading
and listening comprehension, and a test of inteli@dunctions. Children who showed an
accuracy of more than 80% on the reading tests afdlvand non-word reading, and
reading comprehension as well as with average ovealaverage intellectual functions
were taken as normally progressing readers. Dysleaders were also initially screened
by the class teachers of grade 1, 2, 3 and 4 atiross schools using the problem checklist
(Tripathi & Kar, 2008) and were then subjected e same reading assessment battery
used to identify normally progressing readers. @bih who were found to be average or
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above average (on or above thd"f@rcentile on CPM) on intellectual functions, thos
with adequate listening comprehension, but whoexttwo standard deviations below the
mean performance of the normally progressing readerreading tasks particularly word
and non-word reading was considered as dyslexidersa The data based on accuracy
scores (scores of each reading test separatehgrofally progressing readers and dyslexic
readers taken together was found to be normallyrilisged. Among all the reading
measures, word and nonword reading tests were foube& more accurate in classifying

normally progressing readers and dyslexic readers.

In order to determine the tests with greater d@asgion accuracy, ROC curves were
plotted taking the scores of word and nonword mgdreading comprehension, and
phoneme deletion of the normally progressing resadad dyslexic readers identified from
the same schools, matched on educational levetemteld on the same reading assessment
battery. ROC curves were plotted for reading testsHindi and English language
separately. ROC was used to measure classificgterformance (sensitivity and
specificity) of all the measures. We used SPSSveoét to plot ROC curves. Each point on
the ROC curve represents a sensitivity/specifigir corresponding to a particular
decision threshold. A test with perfect discrimioat(no overlap in the two distributions)
has a ROC curve that passes through the uppercdefter (100% sensitivity, 100%
specificity). Therefore, the closer the ROC plotnghe upper left corner, the higher the
overall accuracy of the test (Zweig & Campbell, 3Among the reading tests, accuracy
scores word and nonword reading in Hindi and Ehgésowed an overall classification
accuracy of 85.4 % for word reading in Hindi, 89.8%word reading in English, 91.6%
for non-word reading in Hindi and 89.2% for non-@aeading in English. The range of
classification accuracy (85.4% to 91.6 %) for thieae tests was the highest among all the

other tests.
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Thus, dyslexic readers were classified against atlynprogressing readers with reference
to their performance on the tests of word and nondweading. They were found to be in
the range of 50 percentile (average) just above the 50th pereer(slightly above
average) on the test of intellectual functions estpe Indian norms of CPM (Kar et al.,
2004). Twenty-eight children were identified asldy& readers across grades 1-3, with 8
children from grade 1, 11 from grade 2 and 9 fraadg 3. All the children identified as
dyslexic readers scored 2SD below the mean for Itittdi and English word and
nonword reading. All the children identified as maidly progressing readers had an
accuracy score of > 80% on tests of word and northweading in both Hindi and English
language.

Description of general measures and reading assessnt battery in Hindi
and English

General Measures

A Problem Checklist (Tripathi & Kar, 2008) was adimsiered to the teachers for an initial
screening of children with reading difficulties. &tthecklist consists of items in four
domains: language related problems, reading, wgtitiand behavior problems. This
checklist provides the nature of learning relateabfems and ratings for the intensity of

each problem perceived in terms of frequency otioence.

Colored Progressive Matrices (Raven, Raven, & Cdadl@68) test was administered to

examine the status of intellectual functions. Tteans of CPM are arranged to assess
mental development up to the stage when the pessaiple to reason by analogy to adopt
it as a consistent way of inference. Normally pesging readers were found to be in the

range of 58 to 78" percentile whereas dyslexic readers were in thgeaf 58" percentile
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and just above the 50th percentile with respeattillectual functions on CPM referring
to the Indian norms of CPM (Kar et al., 2004). Naf¢he dyslexic readers were found to

be intellectually deficient.

Working memory is known to be associated with thgnitive processes that underlie
reading acquisition, particularly with respect éading comprehension. The verbal n back
task (Kar et al., 2004) was used as a measurerbameorking memory. The n Back Task
is based on the theoretical premise that two vesaban affect verbal working memory
that is, word length and phonemic similarity. Inscsts of a 1 Back Task’ and a 2 Back
Task. The 1 back task consists of a list of phorserie list of phonemes is kept out of
the participant’s view. Each phoneme is presentdtearate of one phoneme per second.
The participant is required to respond in term&'e$ or No for phonetically similar and
dissimilar sounds respectively. The participant tasay ‘yes’ for each consecutively
repeated sound and for the other sounds the respsriao’. In the 2 Back Task each
sound is presented and the participant has to elecigether or not it matched the sound
that appeared two items back in the sequence asal tiie participant has to respond in
terms of ‘yes’ or ‘no’. In this condition the parpant must always maintain
representations of the two most recent sounds mangto compare with the current one.
The n back task (verbal) obtains two scores. Hits misses were recorded as two scores
on this test. Normally progressing readers werendoto have an adequate working
memory when compared to the age norms, whereas plogressing readers were
adequate for the 1 back task, but showed diffiesltvhen the working memory load was

more in case of the 2 back task and performededetrel of 28' percentile on 2 back task.

Reading Assessment Battery
The reading assessment battery comprised of testketter identification, reading
comprehension, listening comprehension, word repdinon-word reading, reading
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irregular words only in English, spelling (writinggords to dictation), and phoneme
deletion. All the tests were developed in Hindi dhmflish language and were made as

much comparable as possible.

The verbal responses of the participants were decbon a record sheet as well as
using a voice recorder. A battery of six readingtdein Hindi and English was
administered to children initially screened by thachers as normally progressing readers.
This battery of tests of reading skills in Hindidalnglish language was then administered
to identify children with reading difficulties. Thiests were designed such that the test
items were graded in terms of the difficulty lev€he grade appropriate curriculum was
considered while selecting the passages for reachmgprehension and dictation. Word
reading and non-word reading tests in English wdeyeloped using the MRC
psycholinguistic database taking the following em# into consideration: age of
acquisition, length of the words, and frequencyif@mty of the words. For the word
reading test in the Hindi grade appropriate culacuwas considered and the textbooks
were used to select the words which were then ragjetive teachers on parameters of
familiarity, frequency, and age of acquisition. cAicacy was the measure of performance
for all the tests. Time taken in seconds to reacetttire list of words was recorded using a
stop watch for word reading and non-word readirggsteFor tests such as listening and
reading comprehension time taken to respond to eachprehension question was
recorded using the digital voice recorder. TestsHindi and English language were
developed on similar principles, for example normrgvtest included items developed from
meaningful words in both the languages. Complgtalallel versions were not possible as
the two languages are different with respect to liasic graphemic unitMoreover, as

recognized by Geva and Seigal (2000) it is oftelhpasgsible to design parallel tests in two
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different languages that are matched on a variétyiraensions like word length, word

frequency, syllabic length and structure. The dpson of each of the tests is as follows:

1. Letter Identification

This test was administered to examine graphemiefld&knowledge to ensure that the
children, who were identified as normal and po@dess, did not have problems at letter
identification level. The test consisted of 52 safdr English with a single printed
alphabet in lower case and on another card in upgee. Similarly, 33 aksharas and 11
vowels in Hindi were presented. Random sequened! tifie letters in Hindi and similarly
for English were presented on a card one at a éntkthe participants were required to
name the letter aloud. Participants were requioegrovide the letter name. The order of
presentation of Hindi and English letters was cerbdlanced with participants being
presented with Hindi letters first and some otheith English letters followed by Hindi
letters. Performance on this test was measuregtimstof number of correct identifications
and average time taken to read each alphabet. Se@me calculated separately for Hindi
and English. (Sample items: English. /B/, [/el, [T//h/;  Hindi:

AnS /| (consonants), A =/,7 o/ (vowels).

2. Word reading

Rationale

Words from one of the basic units of the writtext.td he level achieved in word reading
can also predict the process of reading acquisifecoding in Hindi and English was

measured by administering tests of reading frequeatds taken from the MRC
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Psycholinguistic database for English and fromtthe books of the grade to which the

child belonged to Hindi.
Description

Thirty words were taken using the MRC Psycholingaislatabase. The words were
grouped into different grades according to theie &ff acquisition index. Selection of
words was based on complexity in terms of numbeietiers, number of syllables,
frequency, and familiarity. All the words were gaed on an A4 size sheet. Words were
equally spaced and printed in three columns. Thiecgeant was instructed to read each
word aloud row wise and stop only when he/she fwsptetely read out the list. The
response of the child was recorded on a resporset.shhe number of correctly read
words comprised the score. Time taken to read nitieedist of words was also recorded
using a digital voice recorder which also recoffus time. Stop watch was also used and
time from the onset of first word produced by tretigipant until the offset of the last
word in the list was recorded. Errors like lettgribtter reading, substitution, deletion, or

addition of letters were also noted. (Sample iteBrgglish: ship, market, watch, flood;

Hindi: T . M, TR

3. Non-word reading

Rationale

The Non-word reading test was designed and adraretto assess decoding of letter
strings. Non-word reading demands decoding at thelexical level as for nonwords

pronunciation has to be assembled. This test agftitdently test phonological processing,
as one may not depend on sight or spoken vocabtdargad a nonword. Hindi being an

alphasyllabary, may allow faster and more accutat®ding using a sublexical strategy.
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Description

Thirty of three and four letter monosyllabic word€nglish and 30 of three and four letter
words in Hindi were printed on A4 size paper inethrcolumns. The participants were
asked to read each word aloud row wise and stopamde they have completely read out
the list of nonwords. Participants were told thla¢yt need to read words which are
meaningless and may be unfamiliar to them, but steguld read each word aloud as
accurately as possible. All the words in the ligrevpseudo words and hence could be
pronounced. Errors were also recorded and latssifiked as either phonological or lexical
based errors (Defior, Martos, & Cary, 2002). Phogalal errors involve producing
another non-word, which is incorrect in some way asvolves a deletion, substitution, or
inversion of a letter in the target non-word. Lexierrors involve producing a real word
for a non-word. The words were controlled for néigthood effect and only the non-
words, which had fewer neighbors, were taken taenthat the words are not decoded by
analogy strategy rather only on the basis of phmgioél recoding. The list of non-words
remained constant for all the grades. Accuracy es as the time taken to read the word

list was recorded. (Sample items: English: fasapital, varpet; HindiT”‘F'L THA, Tereir).

4. Reading and Listening Comprehension

Rationale

Test of reading comprehension assessed the chaloilty to read and comprehend
sentences. Reading comprehension is a basic dhkilé wne is learning to read. Test of

listening comprehension was included to rule oobfams with auditory comprehension.

Description
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This test assessed the child’s ability to read @amderstand the text. The test consisted of
grade appropriate curriculum based passages oihgaligngth for children across the three
grade levels. The participants were required tal & passage aloud as accurately as
possible. As soon as the participants finishedingathe passage, five questions based on
the passage were asked one by one and the answemsby the participants were noted
down. The time duration between the offset of thesgjon and onset of the response to
each question was recorded and was later averagessafive questions which provided
mean response time for reading comprehension. £made in reading, such as letter-by-

letter reading and insertion/omission/substitubbletters or words were recorded.

5. Dictation

Dictation in Hindi as well as in English was deymd and administered as writing to
dictation task. 30 words in English and 30 wordslindi with varying length (2 to 7 letter
words in English and words with and without maatramHindi) were taken for this task.
These words were taken from the grade appropretibdoks of Hindi and English. The
participants were instructed to listen to each wgpdken by the investigator and write
down the spelling for the same. Number of corresponses comprised the score. Time

was not a measure of performance on this task. geaitems: English: bag, pet, kite,
flower, bunch, country; Hindi™== 3 AT AT,

6. Phoneme deletion

This test consisted of a list of 30 words in Hirahd thirty words in English. The
investigator verbally presented words one at a .tifrfee participants were required to
delete a given sound in the word at the initiakldie, or final level and give the remaining
words. After deletion, 80% of the words resultedaimeaningful word and 20% of the

words in a pseudo word. There were five words facfce, followed by 30 test words.
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For example, the participant was requirediéete the sound of /b/ in ball and provide the
remaining word for which the correct response lis honeme deletion in Hindi involved
only vowel-based deletions as consonants in Hiagehan inherent vowel and deletions

based on consonants cannot be treated as true rplwofevel manipulations. (Sample

items: English:_Sbut, Sick, Srake; Hindi: Rl e fegal participants were asked to

reproduce the word after deleting the given undedisound).
References

The Virtual Linguistic Lab (VLL)Child Multilingual Questionnaire. (2005). Cornell Language
Acquisition Laboratory, Cornell University. httputvw.clal.cornell.edu/VCLA/index.html
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Boat
Cake
Game
Land
Lawn
Lake
Give
Joke
Away
Make
Hero
File
High
Leaf
Coin
Book
City
Hope
Farm
Idea
Cave
Draw
Gold
Mark
Hold
Cost
Date
Flag
Bird
Play
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List of words used in the experiment

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Team
Wind
Milk
Open
Stem
Tape
Year
Snow
Song
Sand
Nest
Move
Name
Oral
Test
Stay
Wash
Past
What
True
Page
Seat
Salt
Rose
Note
Race
Melt
Zero
Shop
Kite
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