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Abstract. Impaired phonological encoding has been assumed to be a major reason for reading problems 
in dyslexics. While normal readers are supposed to use a fast and efficient way of grapheme to 
phoneme conversion, dyslexics seem to be unable to access this pathway. The present study infers 
whether normal readers reading words written in a new script can utilise the efficient grapheme to 
phoneme conversion even if the new script had been acquired only recently. Furthermore, it was 
sudied whether normal readers reveal similar patterns of brain activation like dyslexics when reading 
the new script. To this aim magnetic brain activity was studied in a group of normal readers and 
dyslexics while reading words either written in Latin or the new script. Differences in activation where 
found at a latency of 250 ms conferming previous findings of a delayed processing in dyslexics. 
Compared to controls, dyslexics showed less lateralisation of activation in temporal brain areas. In 
addition brain activation at a latency of 350 to 500 ms showed close similarities between dyslexics and 
normal readers during processing the new script, but not during latin script reading. The significance of 
these findings with respect to therapeutic approaches is discussed. 
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1. Introduction 

Dyslexia is a reading disability that is assumed to be related to the impairment of phonological 
encoding of graphemes, the fundamental units in written language. Most recently reports about 
structural differences in dyslexia as compared to controls have been published [Leonard and Eckert. 
2008]. Thus, one question in current research on the pathology of reading impairments is how 
structural findings are related to abnormalities observed in functional studies. Studies comparing 
picture naming and word reading suggest that dyslexics process letters similar to symbols and 
pictograms, while normal readers use a fast and efficient way of grapheme to phoneme conversion 
[Trauzettel et al., 2006]. In order to verify whether there are indeed two different pathways of letter 
processing, we studied magnetic brain responses using whole-head magnetoencephalography during 
reading in dyslexics and controls. In order to control for higher familiarity of Latin script in controls as 
compared to dyslexics who avoid reading because of negative experience, we also studied reading 
capabilities of a newly learned artificial script. We expected that patterns of brain activation during 
word reading are similar for Latin letters and the new code in dyslexics, because they cannot make use 
of efficient grapheme processing in both scripts. We hypothesized that in normal readers brain 
activation depends on the reading capabilities for the new code. While bad new-script readers were 
assumed to show patterns like dyslexics, good readers’ brain activity was assumed to be similar to 
activation patterns obtained for reading of words written in Latin. 
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2. Material and Methods 
We studied magnetic brain activity during 

word reading in a group of 10 dyslexics and in an 
age matched control group of 13 subjects. Brain 
activity during word reading was studied after 
learning a new script. Prior to the experiment all 
subjects had only experience with Latin letters. In 
the new script, letters were replaced by Cyrillic 
and Greek like letters (see Fig. 1). Subjects 
trained the new alphabet for one week using a 
computer program.  

After the training, normal readers and dyslexics participated in an MEG examination. While 
recording subjects’ magnetic brain activity they were asked to read words written in both Latin and the 
new script aloud. Reading of the familiar and the new script was studied in two subsequent blocks. In 
order to compare brain responses global brain activity was calculated. Furthermore, differences in 
cortical activation patterns were inferred by topographical analysis. Mean activations were compared 
using a two factorial ANOVA design comprising the between factor GROUP (levels dyslexics and 
controls) and the within factor SCRIPT (levels Latin and novel script).  

 
 

Figure 2. a) Time course of magnetic global field power for reading of the newly acquired artificial script for 
dyslexics and controls (controls: red and solid; dyslexics: green and dashed; the arrows are showing 
delayed components in the dyslexics with respect to controls). b) Time course of magnetic global field 
power for the Latin letters for dyslexics and controls - differences in the interval ranging from 350 to 
500 ms are possibly representing brain activity related to word articulation (controls: red and solid; 
dyslexics: green and dashed; the arrows point to the delayed M250 component in dyslexics relative to 
normal readers. Furthermore another arrow referring to the activity at 470 ms points to the increased 
activity during reading of words written in Latin in normal readers in comparison to all other 
conditions). 
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Figure 1. Stimuli: Latin (left) and novel script 

(right) for the word “apple”  
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3. Results 
Analysis of the global brain activity revealed that brain processes at a latency of 250 ms after word 
presentation were delayed in the dyslexics with respect to controls during reading of words written 
both, in Latin and the new script (see Fig. 2). Furthermore, the strength of activation as well as the 
topographical pattern of the sustained activation in the latency range from 350 ms to 500 ms with a 
maximum at around 470ms ms differed significantly between control subjects reading Latin written 
words and all other conditions. In order to account for topographic effects, activities form sensors 
above left and right temporal cortex were collapsed separately and compared. Statistical analysis of 
hemispheric differences revealed that there was stronger lateralisation in the controls than in the 
dyslexics. While during Latin script reading the activity in the latency range between 250 and 300 ms 
was stronger in left temporal cortex, processing of the new script caused a right hemispheric 
dominance. (see Fig. 3). No significant lateralization was observed in the dyslexics.  
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Amplitudes of global field power for left and right temporal cortex are depicted for reading of the 

Latin script and the recently acquired artificial script (left temporal activity is shown in red, right 
activity in blue). While in controls an interhemispheric difference with stronger activation on the left 
than on the right hemisphere is evident for Latin script reading (A), reading a new script evoked 
stronger right hemispheric activity (B). Less interhemispheric differences were found in the dyslexics 
for reading the previously learned (C) and the Latin script (D).  

 

4. Discussion 

As indicated by the delay of the M250 component in dyslexics our data confirm previous findings of 
impairments in early grapheme processing and in phoneme encoding [Salmelin et al. 2000]. In addition, 
in the present study dyslexics lack hemispheric asymmetries which are typically expected for well 
developped language processing. The results on lateralisation of brain activity during word reading 
comply structural findings that relate reading impairments to either missing or over-expressed 
anatomical asymmetries of temporal cortex [Leonard and Eckert, 2008] . Furthermore, we conclude 
that efficient word reading relies on brain processes in temporal cortex that require intensive training 
and that are evidently not accessible by dyslexics even after longstanding experience as it is the case 
for Latin script reading in the dyslexic group. Concerning therapeutic training in dyslexics, it might be 
less efficient to massively train graphem to phonem conversion than to strenthen alternative reading 

137



strategies that do not rely on phonological encoding associated with the brain activities reflecting 
temporal cortex activation at 250 ms.  
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