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Purpose of the visit: 

There is scarce and contradicting work on morphological processing among adult dyslexic readers in Hebrew (Leikin and Even-Zur, 2006; Raveh & Schiff, 2008; Schiff & Raveh, 2006; Schiff & Ravid, 2007). In addition, there are still unresolved general theoretical questions about the role of morphology in word recognition in different languages, and more specifically among dyslexic readers.

Thus, the first aim of this 10 days visit was to consult and exchange views with leading experts on this topic in another language (Italian): Dr. Cristina Burani and Prof. Pierluigi Zoccolotti.
The second aim of this visit was to discuss a cross-linguistic collaboration that addresses the question of possible compensatory strategies among dyslexics in different orthographies, by comparing findings from Italian (a language with a concatenated morphology) to Hebrew (which has a non-concatenated morphology).

Description of the work carried out during the visit:

We held group discussions, during which the following topics were discussed:

Main theoretical questions:

1. Is morphological decomposition during word recognition a pre- or post-lexical process?

Does it occur at an early visual perceptual level of processing or at a higher semantic level.
2. Why do dyslexics benefit from morphological information in word recognition?

One possibility is that morphological structure compensates for the limited visual span in dyslexics because the morpheme is a medium size unit (smaller than a whole word but larger than a letter) (Burani et al., 2008). Another possibility is that the morpheme provides faster access to the semantic field. It may also be true that different processes occur in different orthographies. The morphological effect in Italian was found in long more than in short words (Burani et al., 2010), supporting the limited visual span account. However, in Hebrew, the words are much shorter and are mostly within the range of the perceptual span (6-7 letters in Italian un-impaired children). Furthermore, the fact that morphemes in Hebrew are not continuous units makes the visual span account less relevant.
Criteria for dyslexia:
There are some differences in the criterion used for identifying dyslexics in Hebrew and Italian

The approach of sub-typing dyslexia according to accuracy and or fluency deficits-

In Italian- the criterion in many studies is 1.5-2 SD below skilled readers' performance in fluency or accuracy of reading a short paragraph (MT test, Cornoldi, Colpo, & Gruppo, 1981). Using this criterion, most dyslexic children in recent studies (Burani et al., 2008; Marcolini et al., 2011; Paizi, Burani, De Luca & Zoccolotti, 2011; Paizi, DeLuca, Zoccolotti & Burani, 2011; Paizi, Zoccolotti & Burani, 2011) demonstrate an accuracy deficit, while only few participants demonstrate a double deficit (fluency and accuracy), and none of them demonstrated a specific fluency deficit. Nevertheless, the dyslexics’ mean performance in reading speed was substantially impaired, at  about 80% slower than typically developing readers, and thus may be considered as also presenting a reading fluency deficit (Paizi, DeLuca, Zoccolotti & Burani, 2011; De Luca, Barca, Burani & Zoccolotti, 2008; De Luca, Paizi, Burani, Spinelli & Zoccolotti, 2009).
In Hebrew- Shany & Share (2010), used a cutoff criterion of 16th percentile in rate or accuracy of reading isolated pointed words (“A to Z;” Shany, Lachman, Shalem, Bahat, & Zieger, 2006). They found an equal percentage (10% of the total sample of 4th graders) of dyslexic children with fluency deficit and accuracy deficit. Shany & Breznitz (2011) used a cutoff criterion of 25th percentile in rate or accuracy of reading isolated un-pointed words (Shatil, 1997a). They found an equal number of adult dyslexic with fluency deficit and accuracy deficit, and a small group with double deficit. In both dyslexic children and adults, each sub-group demonstrated a distinct profile: the fluency-specific group demonstrated difficulties in reading rate and RAN, while the accuracy-specific group demonstrated difficulties in phonological and morphological awareness.

In Italian- Brizzolara et al. (2006) demonstrated that only dyslexic children with a history of SLI demonstrate a phonological deficit while all of dyslexic children demonstrate impairment in the RAN test.

The approach of sub-typing dyslexia according to deficits in various reading components-
To date, 17 types of developmental dyslexia have been identified and reported. Different subtypes of developmental dyslexia are considered to derive from impairments in different reading components, and create different profiles. However, dyslexics' profiles can also change as a function of the specific orthography being used (Zoccoloti & Friedmann, 2010). In Italian, Burani, Zoccolotti and colleagues interpreted reading deficit as due to limited perceptual span, which causes difficulties in processing word stimuli as whole-units (Burani, 2010). We raised a hypothesis that if morphology compensates for the limited visual span, than morphological information will be more beneficial to dyslexics with a fluency deficit, as compare to dyslexics with an accuracy deficit.
In planning a collaborative cross-linguistic study, we should use the same criterion for dyslexia, and be aware of differences of how reading difficulties are reflected in different orthographies.
Properties of Hebrew and Italian morphology and orthography:

Hebrew and Italian are very different in morphological structure, and orthographic transparency.

Derivational morphology in Italian is concatenated, mostly in a structure of root suffix. Each of the morphemes is semantically transparent. Bi-morphemic words with prefixes are composed of prefix+ real existing mono-morphemic words, while bi-morphemic words with suffix are composed of root suffix, and the root can't stand by itself. As compared to Italian, Hebrew derivational morphology is non-concatenated and less semantically transparent. Most of Hebrew words are composed of two morphemes (a tri-consonantal root+ word pattern). The root can be situated in the beginning/end/middle of a word and sometimes the tri-consonant sequence is "interrupted" by vowel letters (י' that represent the vowel /i/, or ו' that represent the vowels /o/ or /u/). The difference in morphological structure between languages may lead to different explanation of the morphological effect on word recognition among skilled and dyslexic readers in Hebrew and Italian.
While Italian orthography is transparent, Hebrew orthography has two versions: fully vowelized and transparent, vs. unvowelized and opaque. Vowels can be represented partially by vowel letters in line with the consonant, or fully by diacritic marks under the letters. Morphology in Hebrew may play a role in providing clues for the missing vowels in un-pointed words, in addition to a possible common morphological effect in Italian and Hebrew.
The role of morphology in word recognition among children and adults with and without dyslexia:

Findings from Italian:

In a series of studies, Burani and collogues used an oral reading task of isolated mono-morphemic vs. bi-morphemic words. All participants (dyslexic children, young skilled readers and adults skilled readers) were more accurate and fluent while reading bi-morphemic vs. mono-morphemic pseudowords. This morphological effect was demonstrated in both word naming and lexical decision tasks. In contrast, only dyslexics and younger readers demonstrated a morphological effect on fluency for real words in an oral naming task (Burani et al., 2008). While both dyslexic and skilled young readers read low-frequency bi-morphemic words faster than simple words, only dyslexic children showed this effect also for high frequency words. In addition, only dyslexics showed this effect also for accuracy (Paizi, Zoccolotti, and Burani 2010). In summary, morpheme-based reading aloud increases reading fluency in all cases in which whole-word processing is less likely, either because of properties of the stimulus word (e.g. pseudowords, low frequency and length) or because of processing limitations on the reader’s part (young or dyslexic readers). When a word is known and available as a whole, parsing costs can outweigh benefits, and whole-word processing would be more efficient (Burani, 2010).
Different morphemic categories seem to play a different role in word naming. Identifying a root morpheme (at the beginning of a word) improves reading accuracy and fluency for both skilled young readers and dyslexics. However, identifying the derivational suffix (at the end of the word) improves only naming accuracy (Traficante, Luci, Marcolini, Zoccolotti, and Burani 2010). 
Findings from Hebrew:
A few masked priming studies in Hebrew found that skilled adult readers show morphological priming effects for roots and verb patterns, but not for nominal pattern (Deutsch et al., 1998; Frost et al., 1997). Deutsch and colleagues (2000; 2003; 2005) replicated those results using eye-movements measures with adult skilled readers. They presented three types of preview words (identical, morphologically related and orthographically related) to the parafoveal area (outside the visual span region), and measured their effect on fixation durations on target words presented at the fovea. Parafoveal preview of a morphologically related word (a common root) facilitated first fixation and gaze duration on the target words more than parafoveal previous of an orthographically related word (common three letters that are not the root), (Deutsch et al., 2000; 2003; 2005). Furthermore, the morphological preview effect was limited to roots and verbal pattern, and wasn't found in nominal pattern (Deutsch et al., 2003). Because both masked priming and parafoveal preview paradigms tap into early processes of lexical access, the authors concluded that morphological decomposition is a pre-lexical process in Hebrew (Frost et al., 1997; Deutsch et al., 1998; 2000; 2003; 2005). 
Eye-movement studies in other orthographies with a Latin script found that the effect of morphological structure on skilled readers' eye-movements depends on the words' frequency (French: Holms & O'Reagan, 1992) and length (English: Niswander, Pollatsek, & Rayner, 2000; Niswander-Klement & Pollatsek, 2006; Finnish: Bertram & Hyönä, 2003). In addition, roots and suffixes have different effects (Hyönä & Pollatsek, 1998; Kuperman, Bertram & Baayen, 2008; Pollatsek, Hyönä & Bertram, 2000). Thus, eye-movements measures may be sensitive to other factors involved in morphological effect in Hebrew, such as the root location and the level of orthographic transparency (pointed vs. un-pointed words).
Studies on the role of morphological processing in dyslexic Hebrew readers provide mixed evidence. Leikin & Even-Zur (2006) found greater morphological masked-priming effect of root or word pattern among dyslexics as compare to controls. They suggested that adult dyslexic Hebrew readers can extract morphological information in word recognition as well as normal readers, and that morphological parsing is more beneficial for them as a compensation for their deficit in whole word lexical reading. 

In contrast to these finding with a masked-priming task, Schiff & Raveh (2006) found that students with phonological dyslexia show long term visual repetition priming but not morphological priming (in contrast to controls). This was in contrast to their intact morphological priming in the auditory modality. The authors suggested that phonological dyslexics are capable of visual whole word recognition but don’t have a root morphemes representation in their mental lexicon. Thus, morphological decomposition is not likely to occur at an early visual perceptual level, but may occur at a higher semantic level of processing. 
Preliminary results of our study in Hebrew (Weiss, Katzir & Bitan, 2011), shows that while adult dyslexics read aloud bi-morphemic words (pointed and un-pointed) faster than mono-morphemic words, skilled readers didn't benefit from the morphological information. Nevertheless fMRI results of skilled readers show greater activation of bi-morphemic as compared to mono-morphemic words in bilateral middle and superior temporal gyri (BA 21, 22) in the presence of diacritics, suggesting that morphological complexity enhances phonological and semantic processing.
Different accounts of the morphological effect:
One possible interpretation for the morphological priming effect found in Hebrew skilled readers (Frost et al., 1997; Deutsch et al., 1998; 2000; 2003; 2005) and dyslexics (Leikin & Even-Zur, 2006), is that the prime (root) activates the words' semantic field, thus facilitating access to its lexical-semantic representation. However, a different interpretation is that morphemes are high-probability sequences of letters, and facilitate access to visual-orthographic mental lexicon.
In Italian, morphological effects were found even when controlling for bi-gram frequencies and other orthographic characteristics, suggesting that morphemes cannot be considered only as high-probability sequences of letters. Data about words' bi-gram frequency and morpheme frequency is still missing in Hebrew. However, morphological priming effect was found to be independent of semantic relatedness in Hebrew skilled readers (Frost et al. 2000).
Velan et al. (2005) examined morphological priming effects of weak roots in Hebrew, in which one of the three consonants is omitted in some derivational forms. They found that the two consistent letters of weak roots facilitated the recognition of targets derived from these roots. In contrast, any two letters of complete roots did not facilitate the recognition of complete root derivations, and priming of the full tri-consonantal weak root did not facilitate the recognition of the target words derived from them (that only includes bi-consonantal representation). These results cannot be explained by the high-probability explanation, and may suggest that both bi- and tri-consonantal root are represented at the morphologic level, and mediate the word recognition. It seems that in Hebrew complex morphology, there can be various factors, such as morphological transparency of root representation, that interplay and affect the morphological effect in word recognition.
Suggested cross-linguistic comparisons:
1. One measure that can help identify the basis for the beneficial effect of morphology in dyslexics is reading duration. While onset time reflects the visual recognition of a written word, duration of pronunciation reflects a later phase of pre-articulatory ortho-phono conversion.  Morphological effect on reading duration may suggest that morphological decomposition occurs in a later post-lexical and pre-articulatory phase. We suggest examining this question by comparing morphological effect on duration times of reading aloud single words among Hebrew and Italian dyslexic readers. Both Hebrew and Italian dyslexics benefit from the morphological structure in onset time, reflecting morphological decomposition at an early visual perceptual level of processing. We predict that in Italian, morphological decomposition would facilitate both visual recognition and pre-articulation, because both processes are serial and the morphemes contains all phonological information necessary for articulation. Thus duration times of bi-morphemic words are predicted to be shorter than mono-morphemic words for Italian dyslexics. In contrast, in Hebrew the morphological structure may facilitate the initial visual recognition phase, but not later prearticulatory phases, because the full phonological information required for production is only available after the whole word has been recognized. Thus Hebrew dyslexics are not predicted to benefit from morphological structure in duration of pronunciation. Although, duration time in Hebrew may be facilitated if the root is at the beginning of the word such as in Italian.
2. We suggest examining the two possible accounts of the morphological effect (serial or parallel processing) in dyslexics by testing the effect of the location of the root morpheme. In Italian, the existence of a familiar root (at the beginning of a pseudoword) improves both fluency and accuracy of naming, while the existence of a familiar derivational suffix (at the end of the word) improves only accuracy (Burani et al. 2006). The authors suggested two explanations for these results: A serial account  suggests that the location of the root at the beginning of the word makes it more salient, while a 'parallel processing' account suggest that the root is more salient because it provides most of the meaning. In Hebrew both root and verbal pattern primes facilitated word recognition (Deutsch et al., 1998; Frost et al., 1997). Thus, the serial account is less suitable for Hebrew and given morpheme category (root or suffix) may play a different role in Hebrew and Italian.
Examining the effect of root location in Hebrew, in an oral reading task, may provide evidence for one of the explanations of the morphological effect. In Italian, because root location is fixed in bi-morphemic words, there is no way to tease apart the serial from the parallel accounts. However, this could be tested in Hebrew. If the location of the root at the beginning of the word would speed up reading this would support the serial account, while the absence of root location effect would support the parallel account.
3. Zoccolotti et al. (submitted) found that in reading long words Italian normal readers benefited from presenting the words in a list as compared to each word in isolation, while dyslexic did not. They suggested that the automatic processing of visual words in skilled readers enabled them to begin processing the subsequent word while still articulating the former word in the list. We suggest using this paradigm to examine the morphological effect in Italian and Hebrew using a design of 2 groups (dyslexics and skilled readers) x 2 levels of morphological complexity (bi- vs. Mono-morphemic words) X 2 format of presentation (single vs. multiple). If morphology facilitates access to lexical-semantic representation, we would predict that dyslexics in both languages will benefit from morphological decomposition in multiple word presentation. In contrast, morphological compensation in early visual processing, will predict smaller or null morphological effect on multiple word presentation in Hebrew, because words are shorter and morphology is non serial.
Future collaboration with host institution:
Eye-movement tracking is a good technique to study early processes of word recognition. Hence this methodology may be appropriate for distinguishing pre- from post-lexical accounts of the morphological decomposition effect. Morphological effects on eye-movements have not been studied yet among dyslexics in Hebrew nor Italian. We will use eye-movement measurements to compare the morphological effect on dyslexics and skilled adult readers, cross-linguistically in Italian and Hebrew.
We suggest two potential paradigms for this study:

1. Use the same paradigm used by Zoccoloti et al. (submitted) of comparing a list format to isolated word presentation, while adding the morphological complexity variable and the cross-linguistic component. We will compare both total response times (i.e., the time between stimulus onset and the end of the participant’s vocal response), and eye-movement characters.
2. Deutsch and colleagues (2000; 2003; 2005) found that parafoveal preview of morphologically related words facilitated reading t in skilled adult Hebrew readers; indicating morphological pre-lexical decomposition enhances word recognition of real words. We suggest using this design to study dyslexic readers in Hebrew and Italian.  So far Italian adult readers did not demonstrate a morphological effect in fluency and accuracy of naming real words. However, eye-movements measures may be more sensitive and expose morphological decomposition effects even in skilled adult readers.
· Other factors to be considered are the root location and the level of orthographic transparency in Hebrew (pointed vs. un-pointed words). Because the first fixation is predicted to land on the root, this should differ across languages. While in Italian the root is mostly at the beginning of a bi-morphemic word, in Hebrew the root may be in any location in the word. 
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