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Abstract 

Developmental Dyslexia (DD) is a disorder defined as specific deprivation in the 

development of skills relating to word recognition and reading comprehension. The 

disorder exists in children with normal intelligence and properly functioning sensory 

and neurological mechanisms, and is not caused by environmental deprivation. The 

underlying biological and cognitive causes of the reading deficits are still under 

extensive debate. The mainstream hypothesis, Phonological Deficit Hypothesis, 

implicates a deficit of direct access to, and manipulation of phonemic language units 

retrieved from long-term declarative memory. An alternative theory, Cerebellum 

Deficit Hypothesis, attributes deficit in skill automaticity to damage to the cerebellum. 

This theory has been modified to its current form, Specific Procedural Learning 

Difficulties (SPLD), according to which dyslexics have deficits in the procedural 

learning system stemming from damage to one of the brain areas related to this system. 

Thus it is possible that phonological deficiencies are the result of SPLD. 

  The present research will focus on examining the Automaticity Deficit 

Hypothesis as the basic cause for reading disabilities among dyslexics. The aim of this 

study is to examine procedural learning in patients with dyslexia compared to normal 

readers, using a serial reaction time task (SRT), which allows investigation of learning 

and memory mechanisms using minimal motor behavior. The contents of the stimulus 

were varied between linguistic and non-linguistic to examine whether the difficulty is 

contextual, as reflected in previous studies, or independent of the nature of the 

stimulus, corresponding to SPLD’s position that there is difficulty in performing 

automatic skills despite long cultivation and regardless of the content learned.  

 The original feature of this research is that, unlike previous studies, we 

examined linguistic and procedural learning in the same experimental paradigm, with 



reference to advanced stages of learning (consolidation, transfer and recovery) and 

after a night's sleep. Examination of these stages is important due to the learning and 

memory processes involved in the execution of the initial task, after sleeping and over 

time. The combination of a linguistic contents test after a night’s sleep has not been 

found in any previous study. Moreover, we examined transfer processes from 

linguistic to non-linguistic stimuli and vice versa for the first time. Transfer is among 

the most common means of researching learning skills: since it includes the ability to 

acquire knowledge and transfer it from one stimulus to another using abstraction and 

generalization processes, it is important for testing the quality of the acquisition stage 

of procedural learning. Examination of transfer processes among readers with dyslexia 

is also very important, since the process of acquiring reading and writing, which they 

find difficult, requires constant transfer of knowledge learned from one stimulus to 

another. Because dyslexia is defined as difficulty in reading written language, and its 

presumed basis is a specific impairment in verbal ability, we needed to distinguish 

between verbal and nonverbal stimuli. Varying the contents of the stimulus tested 

whether procedural learning difficulties are dependent on content. Additionally, the age 

of the subjects was selected so that they would be skilled readers but not adults, in order 

to avoid the impact of compensation strategies for reading difficulties. 

 The study involved 72 children aged 9 to 13 (M = 10.87, SD = 0.96) from 

fourth to seventh grades in regular schools and special education. The experimental 

group consisted of 24 with dyslexia {14 boys, 10 girls, (mean age: 11.42, SD: 0.56), of 

whom 16 were selected from sixth grade, 6 from the end of fifth grade, and 2 from the 

beginning of seventh grade}. These subjects were assessed as at least a year and a half 

behind the members of their class. They were diagnosed as having reading difficulties 

after achieving lower scores in speed and accuracy in a test of  reading words and non-



words, but without attention deficit and with  normal IQ. There were two control groups 

of 24 children without reading difficulties and normal achievements in school: one 

matched in physical age {12 boys, 12 girls (mean age: 11.48, SD: 0.48), 23 from sixth 

grade and 1 from the end of fifth grade} and one in reading age {12 boys, 12 girls, 

(mean age: 9.71, SD: 0.46), all from fourth grade}. The different groups were 

diagnosed by the same tools and found to have normal reading performance, attention, 

and IQ. 

The performances on the visual SRT task were measured by speed and accuracy with 

respect to five variables: learning, consolidation, distraction-sequence learning, 

stimulus-transfer and recovery. A red color appears in one of four squares (3.3 by 3.3 

cm) arranged horizontally on the screen. The following instructions were given: "When 

a red color appears in one of the four positions on the screen, use the index and middle 

finger of both hands to press as fast as possible on one of the first four horizontal 

number keys on the keyboard, corresponding to the position of the red color." The red 

color appears in a 12-trial sequence of repetitions. Nine repetitions of this sequence (i.e. 

108 trials) comprise one block. In the linguistic-visual SRT the procedure was identical, 

except that Hebrew letters א/ב/ג/ד corresponding to the keys 1 to 4 were used instead 

of squares. 

 The study included two stages. In the first session of the trial for the acquisition 

stage, participants were presented with six blocks separated by a one minute rest. In the 

second session (24-48 hours later), they were presented with another six blocks. The 

first block had the same sequence as in the first session, to measure the consolidation 

process. The second block had a new distraction sequence to verify that a specific 

sequence was learned, as opposed to general task improvement. The third and fourth 

blocks had the same sequence as in the first session and were used for memorizing. The 



fifth block was used for measuring stimulus–transfer, by comparing speed and 

precision response compared to the fourth block. Finally, the sixth block of the second 

session had the same sequence as in the first session for measuring recovery.  

 To exclude the possibility that a specific sequence might facilitate learning, half of 

the participants were tested with one sequence S1 (342312143241) and the other half 

with another, S2 (341243142132). The sequences were balanced for location frequency 

(each location occurs three times), transition frequency (each possible transition 

between locations occurs once), reversal (e.g. 1-2-1) frequency (one in each sequence), 

repetitions (no repetitions in either sequence), and rate of full coverage. In addition, 

half of the subjects were assigned the linguistic SRT, and half the non-linguistic SRT. 

The participants were given no indication of the existence of any sequence, and each 

examinee was tested separately. The next target appeared as soon as a response was 

made, correct or incorrect, or after 5 seconds with no response. Reaction time, defined 

as the time from onset of the stimulus to pressing the response key, was recorded 

automatically by the computer for correct responses only. Incorrect responses were 

recorded as errors. Stimulus presentation and the recording of response time and 

accuracy were controlled by a computer program (Super Lab).  

Explicit knowledge - Upon completion of the task, participants were immediately 

debriefed and asked: “If you noticed any sequence, could you try generating it?” They 

were then informed that the test had included a repeated sequence. They were presented 

with a series of stimuli and were asked to answer "was or wasn't" on 24 runs excerpted 

from the sequence displayed on the screen. In addition, participants were asked to push 

the response button in the location where they predicted the next stimulus would appear 

according to the sequence presented during the task. They were told that this task was 



not timed and they should focus on accuracy rather than speed. This task was designed 

to test explicit memory of the SRT task sequence.  

 The main findings of the study show acquisition of procedural learning, with 

no differences in accuracy between groups but longer RTs in developmental dyslexia 

(DD) group, compared to control age (CA) group. Also, while shorter RTs were found 

in the sixth block compared to the first block among both control groups in both types 

of stimuli, among those with DD shorter RTs were only found in the non-verbal 

stimuli. This indicates difficulties in the acquisition of verbal content, matching our 

hypothesis. With regard to the consolidation stage, after a night’s sleep all groups 

showed improvement in both RTs and accuracy rates. At the same time, DD group 

was found to be slower compared to CA group. Distraction sequence learning showed 

less accuracy rates and longer RTs among all groups, indicating specific sequence 

acquisition. With regard to the transfer stage, no differences in response times were 

found, so the transfer was carried out in spite of different content, except for those with 

DD. Consistent with our assumptions, DD readers have difficulty in transfer from non-

linguistic to linguistic content, thus longer RTs were found in transfer from 

nonverbal stimuli to verbal. Moreover, no differences were found in accuracy 

between blocks or groups, indicating transfer. With regard to the recovery stage, 

consistent with our assumption, RTs accelerated in all groups, while DD readers were 

slower compared with the CA group, so their recovery is more moderate. As for the 

awareness of the implicit sequence, more DD readers reported on lack of awareness 

compared with the control groups. It can be assumed, following earlier findings about 

implicit learning, that our young participants, and those with DD in particular, have not 

yet acquired compensatory strategies, compared to older and more literate subjects. 



However, no differences were found between the groups in the identification task. 

Thus learning was confirmed as implicit among all groups. 

 In conclusion, it can be concluded that those with dyslexia are slow compared 

to peers in Procedural Learning (i.e. acquisition, consolidation, transfer and recovery), 

but do not differ in accuracy. Moreover for those with dyslexia difficulty depends 

on content as found both in the acquisition and transfer phase. Therefore, no 

acquisition was made of verbal content and no transfer from non-verbal to verbal 

content, based on response times. These findings support previous findings indicating 

a specific-contextual difficulty in procedural learning and contrary to the general 

deficit claimed by the SPLD theory. The difficulties observed in performing 

acquisition and transfer in the verbal stimuli among readers with dyslexia may pose 

an obstacle to the ability to develop a solid lexicon as well as fluent and exact reading 

as required 


