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Developmental dyslexia 

as a specifier of 
Specific Learning Disability (SLD)

characterized by academic functioning that is 
substantially below that expected given the personôs 
chronological age, measured intelligence, and age -
appropriate education

Diagnostic and Statistical Manual of Mental Disorders

(DSM - V), American Psychiatric Association (2013)



ÅGreater than expected co -occurrence with other learning 
difficulties ( òcomorbidityó, Pennington, 2006): The Disorder of 
written expression ( Dysorthographia) and The Mathematics 
disorder (Dyscalculia) are usually associated with the Reading 
disorder

ÅThe Reading disorder is manifest in difficulties with 
decoding words. The reading level (as measured by means of 
standardized tests for assessing reading speed, accuracy and 
comprehension) is substantially below that expected given the 
personõs chronological age, measured intelligence, and age-
appropriate education

Å The reading disorder significantly interferes with learning
at school and with daily life activities that require reading



Developmental Dyslexia Assessment

(1) Reading tests (Reading Accuracy and Speed, Word 

and Text comprehension)

(2) Intellectual level (Individuals must have an IQ 
score in the normal range)

(3) Other cognitive tests (Verbal and Visual Memory, 

Praxia , Calculus) 

Not usuallytestedé
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Eye movements



Eyetracker
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éto measureeyepositions and movements

évideo images to extract information 

on eye movement position, duration, 

amplitude etc



saccade

fixation

The more skilled the reader, 
the shorter the fixations and 

the wider the saccades 



Eye movements in Reading

1. The majority of words get one fixation

2. Fixation duration is 150 -500 ms (mean: 250 ms) 
Ą Extraction of visual information

3. Saccade duration: 20 -50 ms; amplitude: 7 -9 characters 
Progressive and Regressive saccades

4. Fixations are not on the word centre 
Visuo-perceptual span: 3 -5 letters to the left; 
about 15 to the right 

In writing systems as Hebrew it is the opposite



VISUO-PERCEPTUAL SPAN 

IN TEXT READING



N

From Eye Movements in Dyslexia

to  Morpheme-Based Reading



La partita è molto combattuta perché le due squadre

tentano di vincere fino all'ultimo minuto. Era l'ultima

giornata del campionato e il risultato

era molto importante per la classifica finale.

Eyemovementsof a typically developing11 yearsold boy 



Il viaggio in aereo è abbastanza tranquillo. Solo

poco dopo la metà c'è qualche problema poiché un

violento temporale provoca alcune forti scosse.

nessun viaggiatore è veramente spaventato.

Eye movements of a 11 years old boy with developmental dyslexia
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Boy with developmental dyslexia

Typical reader



Eye movements
(De Luca et al., 1999, Neuropsychologia)

N saccades x line

Saccade amplitude

Fixation duration 234 ms Ñ30 290 ms Ñ45

7.4 Ñ1.3 16.6 Ñ3.8

2.7ÁÑ0.5 1.2ÁÑ0.3

Typical readers 
(mean age: 10:5)

Dyslexics
(mean age: 12:6)

% Regressions 18.9 % Ñ9.8 18.9 % Ñ7.9



Word naming studies

Reading aloud task: 

Words (or Nonwords) are singularly presented on the screen

ò Read it aloud as fast and as accurately as possible ó

 

Registration of:

- RTs (voice onset time/ transcoding time)

- Accuracy (% correct pronunciations )
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Vocal reaction times as a function of 
word length
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Å Italian children with dyslexia fail to develop

reading units of a large size (i.e., words), because of 

limitations in their visuo-perceptual span

Å They make several long-lasting fixations with 

several small amplitude saccades (De Luca et al., 1999; 2002)

Å They typically read rather accurately , but very

slowly and serially (Spinelli et al., 2005)

Å They have increasing difficulties with  increasing

word length (Zoccolotti et al., 1999; 2005)



For developing Italian readers

reading speed is a particularly sensitive measure

to capture reading ability

(similarly to developing readers of other
transparent orthographies )



òSpeed dyslexiaó
(Wimmer, 1993)

òSub-lexical readingó, similar to children in 
their first reading stages ? *

Over -reliance on 

smaller than the word reading units

MARTELLO

. . . . . . . .
* é children learning to read in a transparent orthography would rely
to a great extent on small grain - size units of processing such as

single letters and phonemesé  (Ziegler & Goswami, 2005 ) 



Units of a larger grain-size

are necessary to achieve fast and fluent reading

Morpheme-based reading

may foster fluency in readers with dyslexia

However, in a transparent orthography , reading
based on units of a small grain size

Ą Correct but slow reading

The use of morpho -lexical reading units at a large grain 
size is inevitable in a consistent orthography to face the 

speed/fluency problem



CANT ANTE

CANTANTE

DERIVED

(root) (suffix)

C A N T A N T E
.  .  .  .  .  . . .

SIMPLE

CASTELLO

C A S T E L L O
.  .  .  . . . . .

Experimentalcomparisons



Long words composed of morphemes (roots and 

derivational suffixes) are expected to be read aloud by 

dyslexics faster than matched words not composed of 

morphemes (Burani, 2010) 

because

Morphemes are shorter reading units than the word 

(too long for dyslexics to be processed in a single 

fixation), but are larger reading units than graphemes 

(that entail slow analytical sub -lexical processing)



Readers with dyslexia
Have difficulties in processing 

the whole-word as one reading unit

They rely on reading units 
of a smaller size than the word

Morphemes provide
lexical reading units (roots and affixes) 

of an intermediate size
between single graphemes (laborious strategy)

and the whole-word (difficult for dyslexics to process )



Morphemes affect reading aloud speed

at different extents according to

. Reading ability

. Properties of linguistic materials



Properties that may affect 
naming latencies to derived words 

in interaction with reading skill

1) Lexicality (words vs.pseudowords)

2) Word Frequency

3) Word and Root length



Word naming  studies

Reading aloud task: 

Words (or nonwords) singularly presented on the screen

òRead it aloud as fast and as accurately as possibleó

 

- RTs (onset of pronunciation )   - (transcoding time)

- Accuracy (% correct pronunciations )



Simple vs Morphological

Pseudowords VOTREZZO vs VETREZZA

(----------- ) (glass-ness)

Words VULCANO     vs VETRAIO

(volcano) (glazier )

(1) Lexicality: 

Pseudowordsand Words
(Burani, Marcolini, De Luca, & Zoccolotti , Cognition, 2008)



Predictions:

Simple vs Morphological

Pseudowords VOTREZZO > VETREZZA

(----------- ) (glass-ness)

Words VULCANO     > VETRAIO

(volcano) (glazier )

(1) Lexicality: Pseudowordsand Words

(Burani, Marcolini, De Luca, & Zoccolotti , Cognition, 2008)

=



Participants

Å6th grade readerswith dyslexia
Markedreadingdelay on a standard readingbatteryfor either
speedor accuracyor both, withoutcomprehensiondeficit. IQ 
levelwithin normallimits

.   6th grade typically developingreaders, matchedto readers

with dyslexiafor chronologicalage, gender andnon-verbal

intelligence (Raventest)

ÅAdult readers

Å2nd-3rd graders, readingspeed-matchedto readerswith 
dyslexia



500

700

900

1100

1300

1500

1700

1900

Morphological Simple

Dyslexic 6th graders

6th graders

2nd-3rd graders

Adults

Pseudowords

500

700

900

1100

1300

1500

1700

1900

Derived Simple

Words

VETREZZA VOTREZZO

Burani et al. , Cognition, 2008

VETRAIO VULCANO



(2) Word frequency: High- and Low-frequencywords
(Marcolini,Traficante , Zoccolotti , & Burani, 2011, Applied Psycholinguistics )

Access to morphemes is more likely for

Low-frequency words

BASSEZZA BASS - EZZA 

FASHIONIST     FASHION - IST

Than for

High-frequency words

BELLEZZA

TERRORIST

(see Lexical decision and Eye -movement studies)



Marcolini et al . (2011)

Derived Simple

High-

Frequency

PALLONE
(balloon)

POLMONE
(lung)

Low-

Frequency

PIEDONE
(big foot)

PANTERA
(panther)

Mean word length : 8.5 letters  (range: 7 -11)

Root length : 4 letters or more

Derived words : phonologically and semantically transparent with 
respect to their base, with highly familiar roots and suffixes.



Participants

- Twenty-one6th grade readerswith dyslexia

Markedreadingdelay on a standard readingbatteryfor either

speedor accuracyor both. IQ levelwithin normallimits

- Forty-two typically developing6th graders* 
Within normallimits for readingspeedand accuracy

- Thirty adultreaders

* Matched to readers with dyslexia for gender, age
and  non-verbal intelligence ( Raventest)



Predictions: 
Faster naming of Root + Suffix words 

than Simple words 

Readers with dyslexia :

both High-(PALLONE)

and Low-frequency

(PIEDONE) words ?

Skilled readers :

Low-frequency words
(PIEDONE) only?
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Morpheme-based reading speed in 

developing readers is a main function of the 

Root (Traficante , Marcolini, Luci, Zoccolotti , & Burani, 

2011, Lang. and Cogn. Processes)



Consistently with data on eye -movements in 
adult readers:

For long words, whole -word information 
cannot be extracted in a single fixation

Long words elicit more than one eye fixation

Head start of morphemic parsing based on the 
first constituent (Bertram &  Hyönä, 2003)



Beauvillain (1996)

Effects of Root Frequency on 

. First fixation duration in reading 
isolated 9- to 12 - letter long suffixed

French words

(e.g.,  historique vs. dynamique)

. Second fixation duration in reading 
isolated 9- to 11- letter long prefixed

French words

(e.g.,  surpasser vs. surclasser )



Niswander , Pollatsek, & Rayner (2000)
(sentencereading)

Effects of Root Frequency on 

First fixation durationfor English 

derivedwords7-12 letterslong (mean: 9.8 letters)

(e.g.,  attachment, blindness) 

No effectsof  root frequencyon

first fixation durationsfor English 

inflectedverbs5-9 letterslong (mean: 6.8 letters)

(e.g., boats,  turned, killing ) 



Bertram & Hyönä (2003)
(sentence reading)

Effectsof first -constituent frequency

for long Finnishcompounds(meanword length: 12.8)

e.g.,  keskushermosto(centralnervoussystem)

No effect

for shortcompounds(meanword length: 7.7)

e.g.,  sivuovi (side door)

Andrews, Miller, & Rayner  (2004)
(sentence reading)

Effects of both first - and second- constituent

on English compounds (mean word length:8.8)

e.g.,  battlefront, playoff, peanut

Weaker or later effects of 2nd constituent?



Hyönä& Pollatsek(1998)

Eye movements in reading English compound words

ÅThe visual width of the first constituent may
control the size of the saccade (fixations farther
in the word the longer the initial morpheme)

ÅLong first constituent Ą shorter first -fixation

Å I nitial fixation near the word beginning (not
«optimal viewing position», Oõ Reagan et al., 1984) Ą
marginal control of eye movements by morphemes

Å I nitial fixation near the middle of the word Ą the 
length of the initial morpheme affects initial
fixation and modulates the location of 2 nd fixation



Hyönä& Pollatsek(1998)

A compromise between visual and morphemic 

guidance, likely to be acquired during reading 

development



(3) Rootproperties, specifically

RootLength
(Burani, Marcolini, Traficante, & Zoccolotti, 2018, Frontiers)

Morpheme-based reading speed is mainly a function of the Root

Do root properties modulate 

childrenõs morphemic processing ?

Does root length differentially 

affect reading processing in children with and 

without dyslexia?



Å Longer roots are more informative access

units with less lexical competitors than

shorter ones, but they require an efficient

eye-scanning system to be processed as a unit

in a single fixation (Rayner, 1979; Oõ Reganet al., 

1984; Hyönä et al., 2017)

NASINO      CAVALL INO
(small nose)        (younghorse)



Å Long roots can be processed efficiently by good

readers , but might exceed the visual scanning 

capacities of a dyslexic reader (no flexible /mature 

visuo-perceptual integration ; initial fixations near

the word beginning, missing the middle of longer

roots ; Havelka et al., 2010 )

NASINO      CAVALL INO
(small nose)        (younghorse)



Prediction: 

Long roots may promote faster lexical 

access and increase reading speed 

particularly in typical readers

NASINO      CAVALL INO
(small nose)        (younghorse)



Participants:

- Forty typically developing6th graders
Within normallimits for readingspeedand accuracy

- Twenty6th grade readerswith dyslexia

Markedreadingdelay on a standard readingbatteryfor either

speedor accuracyor both. IQ levelwithin normallimits

Matched for gender, age and 
non-verbal intelligence ( Raventest)

Burani et al., 2018



Word naming

(Reading aloud task: òRead it aloud

as fast and as accurately as possibleó)
 

Dependent measures:

ÅRTs (onset of pronunciation )      

ÅAccuracy



Sixty low-frequency (0-56 permillion) words,with a root

andaderivationalsuffix (e.g., PIED-INO , ólittlefootô).

Othographically, phonologically and semantically

transparent; all with familiar rootsandsuffixes.

- Word length(6-11 letters)

- Rootlength (3-6 letters)

- Suffix length(3-5 letters)

Materials

Sixty simple filler words, to prevent a forced parsing strategy



DITONE POTENZA SALVEZZA OCCHIATA 

(big toe)           (power)            (safety) (glance)

PAROLACCIA SCHERZETTO     LONTANANZA

(bad word)               (joke) (distance)



Variables that may affect naming latencies to 

derived words :

ÅWord frequency (e.g.,Balotaet al., 2004)

ÅWord length (e.g.,Zoccolottiet al., 2005)

ÅRootfrequency (e.g.,Baayenet al., 2007; Colombo & 

Burani, 2002; Deaconet al., 2011; Mann & Singson, 2003)

ÅRoot length ? (Hyönä& Pollatsek,1998, effects

of lengthof the first constituenton eye-movements)

ÅSuffix frequency? (Lazaro et al., 2017 in lexicaldecision)



DITONE POTENZA SALVEZZA OCCHIATA 

PAROLACCIA SCHERZETTO     LONTANANZA

Longer roots are included in longer words

(Word length - Root length correlation :   r = .79)

The respective contributions of root
length and word length should be disentangled

Root length residualized as predicted from 
Word length

(Kuperman et al., 2010)



The longer the word,

. the lower the probability of accessing it
as a whole

. the higher the probability of morphological
decomposition

(see Bertram & Hyona, 2003; Niswander et al., 2000; Niswander & 
Pollatsek,  2003)



RTs raw data 

Due to the large difference between groups both in mean values 

and in dispersion measures, analyses of data were carried out 

within each group separately
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ÅLinearmixed-effectsregression(Baayenetal., 2008) onRTs

ÅGeneralizedmixed-effectsregressiononErrors

Fixed effectPredictors:

- Word frequency

- Word length

- Rootfrequency

- Root length

- Rootfamily size

- Suffix frequency

All frequencymeasureswerecalculatedon a written child frequency count

(Marconi et al., 1993)

Data Analysis





Interpretation: RTs

For all readers , both typical and with dyslexia :

Å The large word length effect confirms

laborious processing of low-frequency derived

words

Å The facilitatory effect of root frequency along

with the absence of a word frequency effect

indicates pervasive morphemic processing



For typical readers

Å The reversed (facilitatory ) effect of root

length , over and above the inhibitory effect of

word length, points to a stronger activation for

longer roots as particularly informative units for

word decoding: At similar word lengths, the

longer the root, the faster the response.



For readers with dyslexia

Å The facilitation of root frequency indicates a

benefit from root activation to bypass

difficulties in processing whole-words within a

single fixation and to increase read ing speed

Å The lack of root length facilitation suggests

that longer roots cannot result in specific

reading benefits because most of them are

for dyslexics too large units to be processed

within a single fixation



Å The effect of suffix frequency for typical

readers only suggests parafoveal processing of

morphological information in readers with intact

visuo-perceptual span (greater modulation of the

location of 2nd fixation by long roots) . Readers

with dyslexia focus more on foveal information .

Å The (negative) effect of family size for readers

with dyslexia only (and lack of suffix processing)

indicates uncertainty in planning pronunciation

when the root is compatible with several possible

suffixes/words (e.g., aut ista vs. dur ezza)



Accuracy

Typically developing readers:       2.2 %   Errors 

Children with dyslexia: 9.6 %   Errors





Root Ą Head-start to morphemic decomposition Ą

Faster reading 

But this may result in word -form substitutions, 

mainly on low-frequency derived words

e.g.:   OCCHIATA Ą OCCHIALI 

VECCHIAIA Ą VECCHIACCIA

BIGLIETTAIO Ą BIGLIETTO

OSSARIO Ą OSSO

TENTAZIONE Ą TENTARE

Marcolini, Traficante, Zoccolotti, & Burani (2011)



Why Suffix effect on reading accuracy ?

(see also Traficante et al., 2011)

The Suffix

Å is a strong cue for lexical status 

(Quémart , Casalis, & Duncan, 2012) (seeïismo) 

Å is a stress attractor (Jarmulowicz et al, 2007; 2008) 

giving a cue to stress position (Grimani & Protopapas., 2017)

Å facilitates co -articulation of the morphemic 

combination in reading aloud



Assembling the pronunciation of (bound) root and 

suffix after parsing implies re -assigning 

Stress

to the complex word (relative to root stress)

and planning a new co-articulation of the 

morphemic combination 

ôVETRO        VE õTRAIO
(glass)                    (glazier)



Summary of results from the different studies

VFor readerswith dyslexiathe availabilityof morphemic

decompositionalwaysresultsin fasterreadingspeed. For 

1) New and knownwords

2) High- and Low-frequencywords

3) Long wordsirrespectiveof root length

V For typically developingreadersmorphemic

decompositionhasadvantagesmainly in the case of

1) New words

2) Low-frequencywords

3) Wordswith long roots



Morpheme- based lexical reading

Å Promotes decoding based on lexical access
instead of sublexical correspondences

Å Speeds up decoding when whole-word processing 
is less likely ( low-frequency complex words, not in 
the readerõs lexicon, but composed of familiar 
roots and suffixes; words too long to be identified 
with a single fixation)

Å The morphological facilitation is larger in dyslexics
than in skilled readers (see also Elbro & Arnbak , 1996; 
Carlisle & Stone, 2005; Suarez -Coalla & Cuetos, 2013)



A morphology -based compensatory 
reading strategy in dyslexics?                

(Elbrö and Arnbak , 1996; Colè, Leuwers, & Sprenger -
Charolles, 2005; Cavalli et al., 2017)

Training based on morpheme processing more 
efficient than training based on syllables or 
other units  (Elbrö and Arnbak , 1996)

Severalrecentstudies



Why no advantage of morphemic reading for skilled 
readers in reading familiar words?

V Largergrain-sizeunitsspeedup reading. 

Skilled readerscan processthe word asa whole(largerunit), 

thusno advantageof  morphemes(smallerunits)

V Morphemicparsinghascostsaswell asbenefits 

(it doesnotnecessarilyspeedup processing) 

V Word-basedreadingavoidsparsingand assembling

costsassociatedwith morpheme-basedreading



Morphological effects indicate

use of Roots and Suffixes

as reading units of a larger grain size

than the single letter / phoneme

Morphemes 
reduce the limitations in stimulus scanning

and increase
Fluency



Developmental Models of Reading

should include

. Lexical representations decomposed in morphemes

should account for

. Perceptual / formal properties of morphemes

. Differing reading abilities



Open issues

1. Morphological effects dissociable from 
Semantics?

2. Orthographic/Phonological transparency?

3. Morpheme-based Spelling ?





(1) Advantage of morpheme -based 
processing because morphemes help to get 

the wordõs meaning ?

It depends on the task:

Yes in 

Text comprehension 

Word comprehension

Lexical decision



Lexical decision:
Morpho -semantic effects ?

ÅMorphological effects ONLY or MOSTLY in the presence 

of a semantic (or orthographic) transparent relation 

(e.g., not with segretario; department; concezione) in 

- younger

- less skilled (slower) readers

(Beyersmannet al., 2012; Schiff et al., 2012)

ÅIn adults or more skilled readers, morphological effects 

ALSO with opaque semantic (or orthographic) relations 
(Mc Cormick, Rastle& Davis, 2008)



Does morpheme-based reading (aloud) involve 
semantics ?

Insensitivity of word naming to Semantics

(e.g., Balota et al., 2004; Baayen et al., 2006; 2007; Burani 
et al., 2007)



Frequency x Imageability
(Mazzotta, Barca, Marcolini, Stella, & Burani, 2005)
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In Italian, imageability affects only 
childrenõs naming of low-frequency words



Semantic interpretability

More interpretable

ÅGUERROSO   (warous)

ÅDONNISTA    (womanist)

Åééééé..

Åééééé..

ÅCODISMO      (tailism)

ÅVETREZZA    (glassness)

Lessinterpretable

(see Burani, Marcolini, & Stella, 2002, Brain and Language;
Burani, Dovetto, Spuntarelli, & Thornton, 1999, Brain and Language)



Post-hoc Correlations
Semantic Interpretability of Morph . Pseudowords

with 
Reading performance 

3rd 4th 5th Adults

READING (RTs) r = - . 24 . 09 - . 04 - . 09
ALOUD (%Err) r = . 02 - . 02 . 16 . 24

LEXICAL
DECISION (%Err) r =  .49*   .52* .30^   .67**

Burani, Marcolini & Stella, 2002, Brain and Language; 



Burani, Dovetto, Spuntarelli, & Thornton, Brain and Language, 1999

 

Pseudoword  Naming



Burani, Dovetto, Spuntarelli, & Thornton, Brain and Language, 1999

 

Lexical decision  on  Pseudowords



(2) Orthographic / phonological transparency

ÅTransparentwith respectto 

the base:

Ådominazione (domin-)
ódominationô

Åimitazione (imit-)    
óimitationô

ÅNon transparentwith 

respectto the base:

Ådistruzione (distrugg-)
ódestructionô

Åaggressione (aggred-)
óaggressionô



Orthographic / Phonological transparency
Naming studies

ÅCarlisle& Stones(2005): 

effectson accuracyin 

elementaryschool; effectson 

speedonly in youngerkids

Å Deacon et al.(2011): effects 

only on low-frequency words

ÅCarlisle(2001): 

stablewords(e.g., CULTURAL)

betterthan

unstablewords(e.g., MAJORITY)

in bothtypicaland disabled

adolescentreaders

ÅShiff et al. (2008):

masked priming on Hebrew 

third- and seventh-grade 

children. Morphological 

facilitation on targets when 

primes and targets contained all 

three letters of the root. No 

morphological facilitation when 

primes and targets did not 

overlap in the surface forms of 

the root



Spanish children (8 -9 ys. old)

Tasks:
- Word definition
- Lexical decision



ÅTransparent:

Åjardinero(jardín)

ñgardener-gardenò 

Åsemanal(semana)

ñweekly-weekò 

Åcantante (cantar)

ñsinger-singò

ÅNon transparent:

Åobrero (obra)

ñlabourer-workò

Ådentista (diente)

ñdentist-toothò

Åmortal(muerte)

ñmortal-deathò

Lázaroet al. (2015)



Definition task

Lázaroet al. (2015)



Lexical decision task



Results

Definition task: all children, irrespective of reading skill, were 

worse at defining derived words that had an orthographic alteration 

of the base stem than words with no orthographic alteration

Lexical decision task: longer RTs for words with morpho-

orthographic alterations than words without morpho-orthographic 

shifts (see also Quémart& Casalis, 2014; Carlisle et al., 2001); base 

frequency affected derived words with no orthographic alteration 

more than words with alterations, irrespective of reading skill

Overall: all children benefitted from a high frequency base, and 

morphological processing was affected by orthographic alterations 

similarly in proficient and impaired readers



(3) Morpheme -based spelling in 
Italian children 

with and without dyslexia



In Italian,  

morphological decoding

is not necessary for

correct spelling
(see Pacton & Deacon, 2008)

English

/e/ : bed, head, said,

health(from óhealô, 

root consistency)

MAGIC ĄMagician

DISCUSSĄDiscussion

EXPLAINĄExplanation

French

/et/ in diminutives: 

-ette  (fillette, ólittle 

girlô; maisonnette, 

ólittle houseô)

Not ïaite, -ète, -ête

casettaólittle houseô

fretta óhurryô

purezzaópurityô

carezzaócaressô

pesata óweighedô

pirata ópirateô

Italian



Do morphemes affect  spelling accuracy ?


