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INTRODUCTION - PROBLEM IDENTIFICATION 

Exploration of reading and reading disorder has been of particular concern to researchers for 

decades. There are more and more accurate models on the topic based on the results of cognitive 

developmental neuropsychology, cognitive neuroscience and psycholinguistics. Our knowledge 

of reading development, adult reading routines, reading disorder, the issues of developmental 

dyslexia, and their neuroscience background is growing (Csépe, 2014a, 2014b). 

Studying blind people’s reading ability can be traced from the 1960s. Initially, researchers studied 

the construction of Braille character (Nolan & Kederis, 1969), later, with the spread of imaging 

technologies, the attention turned to the brain background of tactile reading (Théoret et al., 2004, 

Reich, Szwed, Greaney and Amedi, 2011; Bedny, 2017 etc.). At the same time, more accurate 

results emerged about the perception functions of blind people (Collignon et al., 2013; Bedny, 

Richardson, Saxe, 2015, etc.). However, a model-based description of Braille reading is still 

awaited. There is also a small number of studies on Braille reading disorder. At present we have 

little knowledge about the cognitive background of tactile reading, and even less about the reading 

disorder and its background. No significant work has been done in our country yet. With this 

research, we desire to start to make up this shortfall. 

 

THEORETICAL FRAMEWORK OF THE RESEARCH 

Reading disorder can be defined as a learning disability of neurological origin, where a person has 

difficulty with reading even though he has average IQ, adequate education and well-functioning 

sensory organs. Reading itself is an extremely complex process based on existing linguistic and 

visual cognitive processes. The development of reading requires continuous, progressive 

reorganization and adaptive specialization of the brain network and behavior (Tóth & Csépe, 

2009). Its complexity is demonstrated by the fact that in the development of reading the words (at 

least) four basic cognitive processes play a prominent role, and the existence of a well-functioning 

neural network ensures success in reading acquirement and reading. These cognitive factors 

contributing to reading – the lack of which causes the reading disorder - are phonological 

awareness, knowledge of the letters, rapid automatized naming (RAN) (Ziegler & Goswami, 

2005), the ability of orthographical process and the working memory. Though the importance of 

working memory is challenged by some researchers (Oakhill, Cain, & Bryant, 2003), it has a 

pronounced role in the research of blind people and the interpretation of Braille reading. Also, 

mental rotation in present research has special significance due to the blind group. It is important 

that the generalization of the mirror image is not a sign of reading disorder, but this issue is often 

present till adolescence (or even beyond that) in case of children with dyslexia. According to 

Dehaene's (2005) brain re-utilization hypothesis, it is to be understood that during the learning 

process of reading the brain must learn to ignore the mirror image generalization (quote Csépe, 

2006, p. 94). 

As for cognitive markers of reading at the level of words, differences can be observed in the case 

of blind children. Blind children perform better than sighted children in sound-letter matching and 

syllable segmentation tasks, but their performance in sound segmentation tasks is very poor 

(Hatton, Erickson & Brostek, 2010). Blind students’ RAN task results largely correlate with the 

speed of performing phonological awareness task. There is a tendency-like correlation between 

RAN and reading speed. In their case, there is a correlation between the RAN and the reading 
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punctuality of nonwords. The reason for this is that for blind people the recall from the lexicon is 

not only related to the speed of reading but also to the accuracy of reading, regardless of the length 

or awareness of the word (Veispak et al., 2012b). Blind people show better performance in verbal 

short-term memory tasks (Hull & Mason, 1995; Pring, 2008), but there is no difference between 

the two groups regarding the performance of verbal working memory tasks (Rokem & Ahissar, 

2009; Swanson & Luxemburg, 2009). The advantage of blind persons in short-term memory tasks 

is particularly evident in the case of serial information. Better performance in seriality is also 

beneficial for Braille reading, due to the succession of Braille persistence. In the case of number 

and nonword repetition tasks, the blind group performs better. However, if the tasks are embedded 

in noise, the advantage disappears and the results of the two groups are equalized (Rokem & 

Ahissar (2009)). Thus, the blind group’s advantage in verbal memory exists only under certain 

conditions. 

 

OBJECTIVE OF THE RESEARCH 

This paper examines the cognitive background of Braille reading disorder by analyzing the reading 

performance and cognitive functions of primary school students aged 7 to 15 years. Just when 

examining the atypical development of reading, in the present work we are also looking for factors 

that can show which differences lead to the atypical reading of blind children. 

During the research, we would like to explore the specificities of the reading parameters (speed, 

accuracy) of sighted and blind children between 7 and 15 years of age by reading words and 

nonwords with a various number of syllables. We look for differences in the reading of the two 

groups, focusing on age subgroups. During the course of the study, we also look for the tasks and 

tools that can be used to assess the cognitive function of both sighted and blind children quickly 

and accurately by diverging from executing only verbal tasks. We focus heavily on linguistic 

(especially phonological) and memory functions, and, in a "blind-specific" way, examination of 

space functions is also in the center of our research. The main purpose of the study is to explore 

and compare the reading features of the sighted children with and without reading impairment, 

and the blind children with and without reading impairment, and also to identify the characteristic 

cognitive background factors of the groups, taking the previously mentioned group-specific (blind-

sighted) characteristics into account. 

 

QUESTIONS OF THE RESEARCH 

Due to the exploratory character of the research and the fact that in our country surveys in the 

subject matter have not been carried out so far, we formulate research questions instead of setting 

up hypotheses. 

1. Concerning the reading parameters 

a. Is there a specific difference between blind and sighted children aged 7 – 15 

regarding their reading speed and accuracy? 

b. Is there a change in the results of reading indicators of blind and sighted children 

after the grouping according to age? 

2. Concerning the memory, linguistic and spatial adaptation indicators of 7 to 15-year-old 

blind and sighted children 

a. What are the memory, linguistic and spatial adaptation indicators that are different 

between blind and sighted children? 
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b. Are there any memory, linguistic and spatial adaptation indicators that could 

influence the interpretation of the results of other tests with blind or sighted children 

because of their group specificity? 

3. Concerning the relation between reading and cognitive architecture in blind and sighted 

groups 

Do the groups of blind children with and without reading disorder have the same 

cognitive pattern as the groups of sighted children with and without reading 

disorder have?  

4. Concerning the reading models and reading disorder models 

a. Which of the reading descriptive models are suitable for the explanation of reading 

both writing print and writing Braille? 

b. Which models of reading impairment are suitable to explain the reading disorder of 

both writing print and writing in Braille? 

 

STRUCTURE OF THE RESEARCH, METHOD, PERSONS INVOLVED IN TESTING  

To reveal the cognitive pattern of blind good readers (Bgr) and blind children with reading disorder 

(Brd), and compare them to the results of the sighted good readers (Sgr) and sighted children with 

reading disorder (Srd), we need to know the reading indicators of the blind and the sighted groups, 

so we also performed a large sample reading survey. As we do not have a set of tasks that can 

adequately detect cognitive indicators for blind children, we have created our own set of tasks. 

The 3 dimensions of our tasks (memory, spatial processing, linguistic functions) are arranged in a 

similar structure for both blind and sighted groups. The subtest of spatial processing is also our 

own tool with a task layout developed by ourselves. 

 

The sample was composed of blind and sighted students of 7-15 years with over VIQ 85. We 

excluded from the study all the blind students with the diagnosis of severe learning, attention or 

behaviour control disorder and autism spectrum disorder; or whose T-value exceeded 70 at the 

CBCL-Attention Problem Scale. Blind group1: n = 130; the sighted group: n = 141. The sighted 

control group was matched by gender, age, VIQ, date of birth and birth weight. As in the blind 

group, the proportion of examined premature children born with extremely law weight is high 

(61.6%), matching according to the date of birth and birth weight is relevant. Groups set up based 

on gestation time are: blind-low birth weight premature (BLBW) and blind-full term (BFT), 

sighted-low birth weight premature (SLBW) and sighted-full term (SFT). For a more detailed 

study, both the blind and the sighted group were organized into three age groups: Group 1: 7; 0-

8;11 years, nblind = 36, nsighted = 39; Group 2: 9;0-10;11 years, nblind = 31, nsighted = 33; Group 3: 

11;0-15;6 years nblind = 63, nsighted = 69. 

We have created groups of 16 people to explore the reading specialties and the characteristic 

cognitive background factors of the groups of the sighted good readers (Sgr), the sighted children 

with reading disorder (Srd), the blind good readers (Bgr) and blind children with reading disorder 

(Brd). 

 

 

 

                                                           
1 The blind sample (n=130) covered the entire Hungarian mentally healthy blind population in the given age range. 
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RESULTS 

1. The reading speed and accuracy of blind and sighted children aged 7 to 15 years 

Blind children read less accurately compared to their sighted companions, and the number of 

reading errors increases with the growing number of syllables. But the reading of nonwords is less 

inaccurate compared to reading words. The accuracy of reading is not significantly influenced by 

the number of syllables in neither group, but when reading nonwords, the growing number of 

syllables resulted in growing number of errors in both groups. The blind group reads the 1-syllable 

words less accurately than words with 2 and 3-4 syllables. There was a significant difference 

between the two groups in the reading accuracy of the nonwords. While the sighted group reads 

the nonwords with 1 and 2 syllables with the same accuracy, and the 3-4 syllable nonwords less 

accurately, the blind group makes more mistakes as word length grows. As for the reading speed, 

blind children read more slowly than their sighted companions, regardless of the type and the 

length of the words. Both groups read words faster than nonwords. 

Reading accuracy and speed according to age groups 

As for the sighted students, the results of all three age groups show the differences in the reading 

accuracy of words and nonwords, meaning that in each age group children involved in the survey 

read the words more accurately than nonwords. In case of blind students, there is no difference in 

reading accuracy of the two word types in the first two age groups. In the blind age group of 11 

to 15 years, it can be observed that Braille readers make significantly more mistakes in reading 

nonwords than words (Figure 1). If we take the results of the reading accuracy of the 3-4 syllables 

stimulus material, we can also conclude that the accuracy pattern of the 11-15 years age group 

equals with the word and nonword reading accuracy of sighted readers (Figure 2). 

 

  
Figure 1. Reading accuracy of words and nonwords with 

different syllable numbers - age group no. 3. 
Figure 2. Reading accuracy of words and nonwords with 3 to 4 

syllables 

 

When analyzing the reading speed, we gained a significant effect on the group - Braille readers 

read slower than sighted readers; on the age, that is, in all groups, reading speed increases with 

age; and on the word length and word type, meaning that both groups read word faster than 

nonwords and as the number of syllables increases reading time elongates. While in case of sighted 

participants from the age group 7-9 and 9 - 11 the difference is measurable in the speed of word 

and nonword reading; this difference can be observed only in the 11 to 15-year-old age groups of 
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blind students (Figure 4). Concerning the reading of 3 to 4 syllable words and nonwords, it can be 

seen that the reading speed of nonwords by blind students older than 11 years is slower than 

reading words. In the case of the sighted students, this difference can be discovered already in the 

first age group (Figure 4). 

  

Figure 3. Reading speed of words and nonwords with different 

syllable numbers - age group no. 3. 

 

 

Figure 4. Reading speed of words and nonwords with 3 to 4 syllables 

 

2. Examining mental rotation with the ‘Flat Doll’ mental rotation Task (FDT) 

Regarding the accuracy of rotation, it can be said that blind children perform a larger number of 

errors compared to their sighted counterparts in the mental rotation task. The number of mistakes 

in the blind group increases with the growing angle size of rotation. Our results show that the 

number of errors is influenced by the layout of the task. In all four rotating task layouts ("A": 

recognition on body plane; "B": recognition in reflection; "C": naming on body plane; "D" naming 

in reflection) between the blind and the sighted group we can observe different error patterns after 

the 135 ° rotation. While the sighted group made fewer mistakes after 135° rotation, the number 

of mistakes in the blind group increased with the growing size of rotation angles. During the tasks 

with the mirror ("B" and "D"), the difference is even more pronounced, with the increase of angles 

the number of mistakes increases as well. Between the performance of the two groups, we found a 

significant difference after 180 ° rotation. 

In all four rotation tasks layouts, BLBW children were mistaken the most often. In their case, it is 

most noticeable that in the reflection ("B" and "D") arrangement, the number of false answers 

increases compared to the answers on their own body plane.  

When analyzing the response time, in all four task layouts, in both the blind and the sighted sample, 

a linear correlation can be seen between the angle between the two patterns and the time required 

for the decision. Significant prime effect was given to the group - blind persons involved in the 

test finish with the tasks slower compared to the sighted; to the birth time - in each group, 

premature children are working with greater response time; to the angle of rotation and the task 

layout - for both groups, the reaction times are higher when solving tasks "B" and "D", furthermore 

the reaction time increases with growing rotation angle. Also, full-term children need less reaction 

time to solve the task. The task of mental rotation seems to get tougher with the growth of rotation 

angles. It has also been proved that the reflection arrangement makes it more difficult to carry out 
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the mental rotation. After breakdown into age groups, it can be said that the performance pattern 

of the blind group of 11-15 years equals the performance pattern of the sighted group. 

 

3. Cognitive indicators of blind children aged 7 to 15 

Memory function 

Blind and sighted groups differ significantly only in the results of the Hungarian Nonword 

Repetition Test. According to the results of the four groups set up on the basis of gestation time 

and vision, premature children performed worse than term-born children; the blind groups 

achieved significantly better results compared to the sighted groups. Blind children begin to 

achieve better results in comparison with the sighted children when they become 9 years old, and 

this advantage will remain in the further age range. In the Digit Span Test and the Reverse Digit 

Span Test, the 4 groups achieved the same result. Although the result is not significant, it can be 

observed that blind children until the age of 9 perform the same results as sighted children, and 

then from the age of 9, their number span starts to get higher compared to their sighted peers. In 

the Listening Span Test, measuring the complex working memory, no significant deviation was 

found between the results of the four groups. However, after breakdown into age groups, after the 

age of 9, blind children achieve better results in this task as well than sighted children. 

Spatial processing 

The blind group exhibits a large lag behind the sighted control group in the field of spatial 

processing. The difference is more pronounced in the case of the reflection layouts. In the blind 

group, the outcome does not show deviation according to the time of birth, but in the (A) and (C) 

tasks there is a significant difference between the SLWB children and the SFT children. The two 

tasks are carried out in parallel with their own body, which is rarely encountered by sighted 

children, so this task, which is not „overlearned”, seems discriminatory between the two groups. 

Language function 

The indicators of blind and sighted groups only differ significantly in the task called Phonemic 

verbal fluency. Here, the unique "blind specific" word-seeking strategy of the children born with 

blindness can be observed. This is confirmed by the fact that there is no difference between the 

results of the BLBW and BFT group. During the task, the worst performance was achieved by the 

SFT group. 

4. Cognitive background factors in the case of blind children aged 7 to 15 

a. Reading test 

Concerning reading accuracy, children with reading disorder read less accurately than their peers 

without impairment, regardless of their condition of sight. The number of reading errors increases 

with syllables in groups with reading disturbances, again, regardless of their sight condition. The 

word length has no effect on the good reading groups. There was a ceiling effect in the sighted 

good reader (Sgr) group, while the blind good reader (Bgr) group also had a ceiling effect for the 

3-4 syllable words. The worst results were achieved by the sighted children with reading disorder 

(Srd) when reading the 3-4 syllable words (Figure 5). 



8 
 

  

Figure 5. Reading accuracy of the four groups when reading 

words with different syllable numbers 

Figure 6. Reading speed of the four groups when reading words 

with different syllable numbers 
 

During the examination of the reading speed, we gained a significant prime effect on the sight - 

Braille readers read more slowly than writing print readers, irrespective of reading (reading 

disorder/good reading) and word length; on the reading – good readers involved in the study read 

faster, regardless of sight conditions (Figure 6). 

b. Cognitive indicators of blind children with reading disorder aged 7-15 

- Comparison of groups along cognitive functions 

Memory Function (Figure 7) 

In the Hungarian Nonword Repetition Test, the significantly better results of the blind examined 

children retained according to the previous study. The prime effect of sight and reading is 

significant, as well as the interaction of the two variables. The best result was achieved by the Bgr 

group, the worst by the Srd group. 

 

Figure 7. 

Comparison of verbal working memory tasks along z-values in the four groups. (HNRT: Hungarian Nonword 

Repetition Test, DST: Digit Span Test, RDT: Reverse Digit Span Test, HLST: Hungarian Listening Span Test, Brd: 

group of blind children with reading disorder, Bgr: blind group of the good readers, Srd: group of the sighted with 

reading disorder, Sgr: good reader sighted group. The y error lanes indicate the standard error.) 

In the Digit Span Test, groups with reading disorder performed worse, regardless of the sight 

conditions. In the Reverse Digit Span Test, the performance of the two groups of blind good readers 

and blind with reading disorder (Brd and Bgr) differs significantly. The Hungarian Listening Span 

Test does not show a significant prime effect on vision, but the interaction between reading and 

the two variables is significant. The group of blind children with reading disorder (Brd) performed 
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the worst. The performance of blind good readers (Bgr) and sighted good readers (Sgr) is equal, 

but the performance of the blind group of reading disorder and the group of blind good readers 

(Brd - Bgr) is significantly different. 

Spatial processing (Figure 8) 

Blind groups, regardless of reading, show a great deal of backlog in the tasks of spatial processing 

compared to the sighted groups. For each task, it can be said that irrespective of vision, the groups 

of children with reading disorder perform worse. The worst is the performance of the blind children 

with the reading disorder, the best was that of the group of sighted good readers. 

 

Figure 8. 

Comparison of spatial processing tasks along z-values in the four groups(FD(A) (B) (C) (D): Flat-Doll mentak rotation 

tasks, Brd: group of blind children with reading disorder, Bgr: blind group of the good readers, Srd: group of the 

sighted with reading disorder, Sgr: good reader sighted group. The y error lanes indicate the standard error.) 

In each task, the group of the sighted persons with the reading disorder (Srd) performed 

significantly worse than the group of sighted good readers (Sgr). 

Language function (Figure 9) 

During the RAN task, good readers achieved significantly better results compared to groups of 

students with a reading disorder. The result of the blind group of with the reading disorder (Brd) 

was far behind the results of the other groups. 

 

Figure 9. 

Comparison of linguistic functions along z-values in the four groups (RAN: Rapid naming, VF: Verbal fluency, SF: 

Semantic fluency, PF: Phonemic fluency, FP: Phonological processing, Brd: group of blind children with reading 

disorder, Bgr: blind group of the good readers, Srd: group of the sighted with reading disorder, Sgr: good reader 

sighted group. The y error lanes indicate the standard error.) 
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In a verbal fluency test, groups with reading disorder performed more poorly compared to their 

good reader companions, regardless of sight. In the semantic fluency task, children with the reading 

disorder in both the blind and the sighted groups performed worse. In the phonemic fluency task, 

the performance of the blind groups of reading disorder and good readers (Brd-Bgr), the blind and 

the sighted group of reading disorder (Brd-Srd), the group of blind and sighted good readers (Bgr-

Sgr) are significantly different. The phonological processing task was performed worse by the 

subgroup of reading disorder in both blind and sighted groups. Here, too, we can observe that the 

group of blind children with the reading disorder is immensely lagging behind the other groups. 

 

The relationship between word-level reading and the cognitive functions of reading 

In case of the blind group with reading disorder, Reverse Digit Span test, Hungarian Listening 

Span Test, as well as the indicators of Flat-Doll C, Flat-Doll D, rapid naming and phonemic 

awareness showed a relation with reading accuracy. With reading fluency, Flat-Doll C, Flat-Doll 

D, language functions, rapid naming, and phonemic awareness showed a strong positive 

relationship. 

In the blind group of good readers, Hungarian Learning Span Test, rapid naming task, as well as 

Flat-Doll C, Flat-Doll D tasks showed a moderate relationship with reading accuracy. With 

reading fluency, phonemic awareness and the rapid naming tasks, Flat-Doll C, Flat-Doll D tasks 

measuring the spatial processing indicated a significant relationship. 

In the case of the sighted group with a reading disorder, with the accuracy of reading, the 

Hungarian Nonword Repetition Test, the Flat-Doll C, D, and the rapid naming task indicated a 

connection. Flats-Doll C, D, and the rapid naming indicators indicated a strong positive 

relationship with reading fluency. 

In the sighted good reader group, with the accuracy of reading, the Hungarian Listening Span 

Test and phonological processing task showed a moderately strong relationship. With fluency in 

reading, rapid naming task and phonemic awareness indicator showed relation. 

Cognitive indicators of word-level reading 

In the blind group, significant predictors of the word reading accuracy are the phonological 

processing and spatial processing tasks accounting for 49% of the variance of reading accuracy. 

Rapid naming, phonological processing, and spatial processing tasks are responsible for 47% of 

the reading fluency variance. In the sighted group, phonological processing is responsible for 41% 

of the reading accuracy, while rapid naming and phonological processing are responsible for 46% 

of the reading fluency variance. Phonological processing, rapid naming, and spatial processing 

tasks are responsible for the variance of reading performance in the two groups. 

In the next step of the analysis, we are looking for those independent variables that significantly 

discriminate between the good reader and the reading disorder subgroups within the groups. 

According to the results of the discriminant analysis, in the blind group, the tasks measuring rapid 

naming and phonological awareness proved to be significant discriminators. If we predicted by the 

two variables whether a blind child is a good reader or has a reading disorder, there would be 

74.2% chance to get the correct result, i.e. 24 of 32 blind children in the sample could be placed 

in the appropriate group. However, if we included the Listening Span Test variable in the function, 

knowing the three variables – rapid naming, phonological processing, Hungarian Listening 

Span task - we could correctly classify 86.4% of the blind children, that is, in the case of our 
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sample, we could place 27-28 children out of 32 in the appropriate group. As for the sighted group, 

also the rapid naming and the phonological processing tasks proved to be the significant 

discriminators. If we predicted by the two variables whether a sighted child is a good reader or has 

a reading disorder, there would be 61.1% chance to get the correct result, i.e. 19-20 of 32 sighted 

children in the sample could be placed in the appropriate group. However, if we included either of 

the spatial processing Flat-Doll C or D task in the function, knowing the two variables we could 

correctly classify 89.2% of the sighted children in the appropriate group. This means 28-29 

out of the 32 sighted children.  

 

DISCUSSION AND RESPONSE TO RESEARCH QUESTIONS 

1. Concerning the reading parameters 

Blind persons’ reading speed increases with the number of syllables in the same proportion 

whether it is a word or a nonword. As for sighted persons, however, the increase in the number of 

syllables only influences the reading speed of the nonwords in a significant way, which can be 

explained by the choice of the grapho-phonological reading path, i.e. the reading with phonological 

decoding. 

In case of the words, reading accuracy is not significantly influenced by the syllable number, 

neither in the blind nor in the sighted sample. However, in both groups, nonword reading is 

performed with a higher error number when the number of syllables is increased. In the case of 

nonwords read by sighted persons, the increase in the syllable number leads to a faster decrease in 

reading accuracy. 

The role of age 

In the case of sighted examined persons, the difference in the speed of reading words and nonwords 

can be measured between the age group 7-9 and the age group 9 - 11, but in the blind sample, this 

difference can be observed only in the age group 11 to 15 years. During the 3-4 syllable word and 

nonword reading, nonword reading speed of a blind student is slower than the reading of words 

after the age of 11. For sighted students, this difference can be discovered already in the group of 

students aged 7 -9. 

As for the sighted students, the differences can be observed in the results of all three age groups 

in reading accuracy of words and nonwords, meaning that test people read the words more 

accurately than nonwords in each age group. When it comes to blind students, the reading accuracy 

of the two word types does not show any difference in the age groups 7-9 and 9-11. In the blind 

age group of 11 to 15 years, it can be observed they read the nonwords with a significantly greater 

error rate than words. Concerning the reading accuracy of the 3-4 syllable stimulus materials, we 

can state that, again, the reading accuracy pattern of the age group 11 - 15 is equivalent to the word 

and nonword reading accuracy of the sighted students. 

Compared to the 7-9 year old and the 9-11 year old group, the reading speed of the nonwords 

is more influenced by the word length in the age group of 11-15, i.e. in the group of 11-15 

years the word length effect is more pronounced when reading nonwords, the same result as 

what we experienced in reading print writing. In this range of age, a clear difference occurs 

in case of both sighted and blind examinees in the strategy between reading words or nonwords. 

In both groups, it can be observed that while the reading of nonwords the speed and accuracy 

improves only slightly, the reading of words is significantly faster and more accurate. The 

reason for this is that in the case of words, the decreasing word length effect is a sign of the 
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formation of word-form-based reading. Developments in the reading of nonwords alone 

indicate a more efficient development of decoding. Our results can be matched to classical 

network models and confirm the existence of semantic and phonological pathways described in 

dual-route reading theories. 

While in the case of nonwords, in the blind group of 11-15-year-old students we encounter with 

phonological decoding, the reading of words is increasingly based on automatic word 

recognition, that is, contrary to what Pring (1982, 1984, 1994) or Hughes (2011) claims, blind 

people do not stick at letter reading, they do also develop the global word form. 

In the blind group of aged 11 - 15 years we only found a significant difference in the case of 

nonwords, the same we found in the sighted group. 

 

2. Concerning the indicators of memory, linguistic and spatial processing for blind and 

sighted children between the age of 7 - 15 

Based on the results of the tasks analyzing the memory functions we can say that between the blind 

and the sighted groups we found a significant difference only between the results of the Hungarian 

Nonword Repetition Test. In using the phonological loop component of the memory, the blind 

group achieved significantly better results, however, this significant benefit appears only 

after the age of 9. The result has not been novel in the light of previous study data, as children 

born with blindness achieve better results in tasks related to verbal memory than their sighted 

peers, visually impaired and those whose blindness is not congenital (Dekker, 1989). The reason 

for better memory performance is that blind people encode auditive verbal information more 

effectively (Röder, Rösler, & Neville, 2001), although according to Rokem and Ahissar (2009) 

there is no difference between the performance of blind and sighted groups regarding verbal 

working memory tasks.  

Therefore, it can be said, that if a blind child achieves a significantly better result than the 

sighted examined persons in the Hungarian Nonword Repetition Test, it is possible that this 

advantage is not a personal ability but a "blind specific" advantage. It is also important that 

the worse performance of a blind-low birth weight premature child is not a unique feature, 

either, but a deviation in the performance characteristic of the premature blind group. 

During the mental rotation tasks measuring spatial processing, the blind group exhibits a 

significant backlog compared to the sighted group. According to Ungar, Blades, and Spencer 

(1995), the underlying difficulty in the mental rotation for blind people is the ineffective or less 

effective mode of spatial coding, which can be blamed not on the success or failure of tactile 

perception, but the effectiveness or success/failure of handling the mental representation. It is a 

fact, however, that during mental rotation, the same activity can be observed in both the sighted 

and the blind persons’ left superior parietal cortex next to the intraparietal sulcus. Previously, 

Röder, Rösler, and Hennighausen (1997) demonstrated that the posterior parietal cortex is active 

during tactile mental rotation as well as during visual rotation (Alivisatos & Petrides, 1997). 

Impact of premature birth in the spatial processing function 

Although there is a deviation in the results of premature and term-born blind children, significant 

differences were observed in the performance of the two subgroups of the sighted group: 

premature children involved in the test performed much more poorly. The fact of premature 
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birth may delay the recognition of spatial conditions and the formation of spatial representation, 

which disadvantage is even present at the school age (Györkő, Lábadi, & Beke, 2012). 

In the case of linguistic functions, the blind and sighted group differ significantly from each 

other in the results of the Phoneme fluency test. The advantage of the blind group points to 

a "blind specific" word-seeking strategy that provides verbal fluency without the use of 

semantics. The present test result optimizes and realizes the interpretation of the results of 

the blind groups in other phonemic fluency tasks. 

3. The correlation between reading and cognitive architecture in the blind and sighted 

groups 

Within the memory function area, the blind group has retained its advantage in the Hungarian 

Nonword Repetition Test, but the performance of the blind group with the reading disorder (Brd) 

is significantly worse compared to the bling group of good readers (Bgr). According to Swanson 

and Luxenberg (2009), in the background of the weakness of the phonological loop component of 

the memory is the weakness of the phonological processing, which may hinder the processing. 

It is typical of spatial processing that performance is sharply divided along the dimension of vision. 

The blind group performs significantly worse than the sighted group in each mental rotation 

task. However, while there was no significant difference between the results of the blind group, 

the performance of the sighted group with reading disorder differed significantly from the 

results of the sighted good readers. The explanation for the worse performance of the group with 

the reading disorder may be the dysfunction of the parietal cortex or the anomaly of cerebellar 

functions (Rüsseler, Scholz, Jordan & Quaiser-Pohl, 2005) or the dysfunction of the posterior 

parietal area (Shaywitz, 1998). 

Examination of spatial work has not been done with blind people with reading disorder so we can 

not present here any other results, neither their interpretation. There is no data either on what 

cortical-level processes can be observed during mental rotation of blind people with a reading 

disorder. Based on this study, we can say that in the blind group of 7 to 15 years, the spatial 

processing ability is so low, probably because of the lack of vision, that in case of the blind 

group of good readers, better spatial functions expected on the basis of the sighted group’s 

results can not be displayed. 

During the examination of the language functions, consistently with the results of dyslexia 

research, we found that the linguistic processing function showed the most significant dysfunction 

in the groups showing reading disorder, regardless of sight. We found significant differences in 

the results of the rapid naming, the fluency tasks, as well as the phonological processing task 

in both (blind and sighted) groups, while the group with reading disorder falls short. The 

performance of the blind group with reading disorder (Brd) is significantly the worst in the RAN 

and phonological processing tasks. When examining the blind and the sighted groups, we 

found that in the blind group the outstandingly good results of the phonemic fluency task as 

part of the fluency tasks lead us to think of a "blind-specific" word-seeking strategy as an 

explanation. There is also a significant difference between the performance of the blind group 

with reading disorder (Brd) and the blind good readers (Bgr) with the benefit of the good reader 

group. 

The explanation for the bad achievement of the phonological awareness and rapid automatic 

naming tasks is (or maybe) the problem of phonological processing, phonological awareness, and 
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processing speed or the weakness in recall the phonological code from the memory. As we notice 

a marked difference between the two linguistic areas, the result can be interpreted in the framework 

of the double-deficit model. According to the theory, two distinct sources of dyslexia are possible, 

the phonological deficit and the lack of general processing speed. 

According to our results, irrespective of modality, rapid automatic naming and phonological 

processing are the abilities that are the most decisive functions of word-level reading for both 

sighted and blind groups. 

 

Based on the results of the tasks measuring cognitive functions, we consider that in the 

present sample, in the age group of 7 to 15 years, no identical cognitive pattern of the sighted 

and blind subgroups with reading disorder can be found. The same can be said of the 

comparison of the cognitive function in the blind and sighted groups of good readers. 

When comparing the performance of the groups with reading disorder (Brd-Srd) and good 

readers (Bgr-Sgr), the previously described specific performance characterizes the blindness 

is displayed: better performance in the Hungarian Nonword Repetition Test and the 

phonemic fluency task, and huge arrears in the spatial processing function. This means that 

there is a different cognitive pattern between the blind children with reading disorder and 

blind good readers. A different cognitive pattern can be detected also in the sighted groups 

of reading disorder and good readers. 

 

3. Concerning the reading models and reading disorder models 

An important result of this study is that a clear and unambiguous difference is taking shape 

between the reading strategies of words and nonwords in the age group of 11-15, both in the 

blind and in the sighted groups. In both groups, it can be observed that while the reading of 

nonwords is faster and more accurate only slightly, the reading of words is significantly faster and 

more accurate. The reason for this is that in the case of words, the decreasing word length effect 

is a sign of the formation of word-form-based reading. Development in the reading of nonwords 

alone indicates a more efficient development of decoding. Our results can be matched to 

classical network models and confirm the existence of semantic and phonological pathways 

described in dual-route reading theories. It can also be emphasized that in our study we can 

observe an effective and automatic word recognition, which is reflected in the speed and 

accuracy of reading the words. While phonological decoding occurs in the case of nonwords 

in this age group as well, the reading of words is increasingly based on the automatic word 

recognition. If the existence of the direct reading pathway was clearly proved in reading 

Braille, it would basically transform thinking about Braille reading. 

The role of the visual word form area (VWFA) related to sighted readers is becoming growingly 

emphasized in Braille reading as well. Reich and his colleagues (2011), similarly to what was 

found after examining sighted people, assessed left-wing activity of VWFA when they examined 

the reading of blind persons without visual experience, demonstrating that VWFA is not just a 

visual word form recognition system but a metamodal area specialized on reading. The VWFA 

area is a part of the network responsible for reading that improves significantly between the age 

of 7 and 12, according to the study carried out by Ben-Shachar, Dougherty, Deutsch, and Wandell 

(2011). This fact supports also the double-deficit model, so it is more and more likely that in the 

case of Braille reading, there is indeed a direct and an indirect path with different brain processing 
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circles. Our own test result can also be linked to the above, i.e. while in the case of nonwords, 

in the blind group of 11-15-year-old students we encounter with phonological decoding, the 

reading of words is increasingly based on automatic word recognition. If in the case of Braille 

reading, the central role was played by VWFA in the operation of direct reading, then the 

direct pathway of reading in both modalities can be explained by the neural recycling 

hypothesis (Dehaene & Cohen, 2007). 

There has been no model to describe the Braille reading disorder yet. However, the findings so far 

(Greaney & Reason, 2000; Veispak & Ghesquière, 2010; Veispak et al., 2012b; Veispak et al., 

2013) can be incorporated into one of the "sighted" models. These are mostly single-factor reading 

models: the phonological deficit hypothesis model, the temporal processing deficit hypothesis, or 

the specific auditory deficit model. 

 

The practical relevance of the research 

By using our "blind specific" results, not only the diagnostics can be made more accurately, but 

also the existing pedagogical methodology and toolbox. In teaching the Braille character structure, 

devices of decreasing size are used currently in our country suitable for both local and numerical 

naming of the Braille characters. According to Millar's theory (199), blind children interpret 

characters as structures and not as global forms, furthermore, the most typical feature of a character 

is the dot density of the cell instead of the position of the dots in the cell. Blind children learn the 

letters based on the number of dots, in parallel with their positional naming, which contradicts the 

results of Millar (1997). It is also necessary to reconsider that the cause of reading errors is often 

explained in everyday practice by tactile difficulties. Based on the results of Veispak et al. (2013), 

it can be stated that the quality of tactility indeed influences the accuracy and the speed of reading, 

but this is (or this can be) relevant only during the learning period of reading. According to our 

results, in the case of blind children with reading disorder, the most important task is 

improving the rapid naming, the phonological awareness, the central executive function of 

memory processes, the semantic processing, coding and recall, i.e. the parallel operational 

load. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



16 
 

REFERENCES 

Alivisatos, B. & Petrides, M. (1997). Functional activation of the human brain during mental 

rotation. Neuropsychologia, 35(2), 111-118. 

Amedi, A., Raz, N., Azulay, H., Malach, R., & Zohary, E. (2010). Cortical activity during tactile 

exploration of objects in blind and sighted humans. Restorative Neurology and Neuroscience, 

28(2), 143-156.  

Argyropoulos, V., & Papadimitriou, V. (2015). Braille Reading Accuracy of Students Who Are 

Visually Impaired: The Effects of Gender, Age at Vision Loss, and Level of Education. Journal 

of Visual Impairment & Blindness, 109(4), 107-118.  

Atkins, S. (2012).  Assessing the ability of blind and partially sighted people: are psychometric 

tests fair? Birmingham: RNIB Centre for Accessible Information. 

Bedny, M. (2017). Evidence from Blindness for a Cognitively Pluripotent Cortex. Trends in 

Cognitive Sciences, 21(9), 637-648. 

Bedny, M., Richardson, H., & Saxe, R. (2015). ’Visual’ Cortex Responds to Spoken Language in 

Blind Children. Journal of Neuroscience, 35(33), 11674-11681. 

Blomert, L., & Willems, G. (2010). Is there a causal link from a phonological awareness deficit to 

reading failura in children at familial risk for dyslexia? Dyslexia, 16(4), 300-317. 

Blomert, L. (2011). The neural signature of orthographic-phonological binding in successful and 

failing reading development. Neuroimage, 57(3), 695-703. 

Blomert, L., & Csépe V. (2012). Az olvasástanulás és mérés pszichológiai alapjai. In Csapó B., & 

Csépe V. (szerk.), Tartalmi keretek az olvasás diagnosztikus értékeléséhez (pp. 17-86). Budapest: 

Nemzeti Tankönyvkiadó. 

Collignon, O., Dormal, G., Albouy, G., Vandewalle, G., Voss, P., Phillips, C., & Lepore, F. (2013). 

Impact of blindness onset on the functional organization and teh connectivity of the occipital 

cortex. Brain, 136(9), 2769-2783. 

Csépe V. (2006). Az olvasó agy. Budapest: Akadémiai Kiadó.  

Csépe V. (2014a). Az olvasás rendszere, fejlődése és modelljei. In Pléh, Cs., & Lukács, Á. (szerk.) 

Pszicholingvisztik. (pp. 339-370). Budapest: Akadémiai Kiadó. 

Csépe V. (2014b). Az olvasás zavarai és a diszlexia. In Pléh Cs., & Lukács Á. (szerk.) 

Pszicholingvisztika (pp. 1345-1363). Budapest: Akadémiai Kiadó. 

Dehaene, S. (2005). Evolution of human cortical circuits for reading and arithmetic: The „neuronal 

recycling” hypothesis. In S. Dehaene, J. R. Duhamel, M. Hauser, & G. Rizzolatti (Eds.), From 

monkey brain to human brain (pp. 133-157). Cambridge, MA: MIT Press. 

Dehaene, S., & Cohen, L. (2007). Cultural recycling of cortical maps. Neuron, 56(2), 384-398.  

Dekker, R. (1989). Cognitive development of visually handicapped children. In R. Dekker, P. J. 

D. Drenth, & J. N. Zaal (Eds.), Intelligence test for visually impaired children aged 6 to 15 (pp. 1-

21). The Nederlands: Bartimues Zeist. 

Fernandes, T., & Leite, I. (2017). Mirrors are hard to break: a critical review and behavioral 

evidence on mirror-image processing in developmental dyslexia. Journal of Experimental Child 

Psychology, 159, 66-82.  

Greaney, J., & Reason, R. (2000). Braille Reading by Children: Is there a Phonological 

Explanation for their Difficulties? British Journal of Visual Impairment, 18(1), 35-40. 



17 
 

Güçlü, B., Çelik, S., & Ilci, C. (2014). Representation of haptic objects during mental rotation in 

congenital blindness. Perceptual & Motor Skills: Physical Development & Measurement, 118(2), 

587-607. 

Györkő E., Lábadi B., & Beke A. (2012). Téri viszonyok és a nyelvi reprezentáció a 

koraszülötteknél. Gyógypedagógiai Szemle, 40(2), 106-121. 

Hatton, D. D., Erickson, K. A., & Brostek, L. D. (2010). Phonological Awareness of Young 

Children with Visual Impairments. Journal of Visual Impairment & Blindness, 104(12), 743-752. 

de Heering, A., Collignon, O., & Kolinsky, R. (2018). Blind readers break mirror invariance as 

sighted do. Cortex, 101, 154-162. 

Hernandez, N., Andersson, F., Edjlali, M., Hommet, C., Destrieux, C., & Bonnet-Brilhault, F. 

(2013). Cerebral functional asymmetry and phonological performance in dyslexic adults. 

Psychophysiology, 50(12), 1226-1238. 

Hughes, B. (2011). Movement kinematics of the braille-reading finger. Journal of Visual 

Impairment & Blindness, 105(6), 370–381. 

Hull, T., & Mason, H. (1995). Performance of blind children on digit-span tests. Journal of Visual 

Impairment & Blindness, 89(2), 166–169. 

Kaltner, S., & Jansen, P. (2014). Mental rotation and motor performance in children with 

developmental dyslexia. Research in Developmental Disabilities, 35(3), 741-754. 

Kaltner, S., Riecke B. E., & Jansen, P. (2014). Embodied mental rotation: a special link between 

egocentric transformation and the bodily self. Frontiers in Psychology, 5(505), 1-11. 

Koustriava, E. (2010). Mental Rotation Ability of Individuals with Visual Impairments. Journal 

of Visual Impairment & Blindness, 104(9), 570-575. 

Krafnick, A. J., Flowers, D. J., Luetje, M. M., Napoliello, E. M., & Eden, G. F. (2014). An 

investigation into the origin of anatomical differences in dyslexia. Journal of Neuroscience, 34(3), 

901-908.  

Kupers, R., & Ptito, M. (2014). Compensatory plasticity and cross-modal reorganization following 

early visual deprivation. Neuroscience & Biobehavioral Reviews, 41, 36-52. 

Mascheretti, S., De Luca, A., Trezzi, V., Peruzzo, D., Nordio, A., Marino, C., & Arrigoni, F. 

(2017). Neurogenetics of developmental dyslexia: from genes to behavior through brain 

neuroimaging and cognitive and sensorial mechanisms. Translational Psychiatry, 7,1-15. 

Morash, V. S., & McKerracher, A. (2017). Low reliability of sighted-normed verbal assessment 

scores when administered to children with visual impairments. Psychological Assessment, 29(3), 

343-348. 

Nolan, Y. C., & Kederis, J. C. (1969). Perceptual factors in braille word recognition (Research 

Series No. 20). New York: American Foundation for the Blind. 

Oakhill, J. V., Cain, K., & Bryant, P. E. (2003). The dissociation of world reading and text 

comprehension: Evidence from component skills. Language and Cognitive Processes, 18(4), 443-

468. 

Peterson, R. L., & Pennington, B. F. (2015). Developmental dyslexia. Annual Review of Clinical 

Psychology, 11(1), 283-307.   

Pring, L. (1982). Phonological and tactual coding of braille by blind children. British Journal of 

Psychology, 73(3), 351–359.  



18 
 

Pring, L. (1984). A comparison of the word recognition processes of blind and sighted children. 

Child Development, 55(5), 1865–1877. 

Pring, L., Freestone, S. E., & Katan, S. A. (1990). Recalling Pictures and Words: Reversing the 

Generation Effect, Current Psychology: Research and Review, 9(1), 35–45. 

Pring, L. (1992). More than meets the eye. In R. Campell (Ed.) Mental lives: Case studies in 

cognition. Oxford, UK: Basil Blackwell. 

Pring, L. (1994). Touch and Go: Learning to Read Braille. Reading Research Quarterly, 29(1), 

67–74. 

Pring, L. (2008). Psychological characteristics of children with visual impairments: Learning 

memory and imagery. British Journal of Visual Impairment, 26(2), 159–169. 

Reich, L., Szwed, M., Greaney, L., & Amedi, A. (2011). A Ventral Visual Stream Reading Center 

Independent of Visual Experience. Current Biology, 21(5), 363–368. 

Rokem, A. & Ahissar, M. (2009). Interactions of cognitive and auditory abilities in congenitally 

blind individuals. Neuropsychologia, 47(3), 843-848. 

Röder, B., Rösler, F., & Hennighausen, E. (1997). Different cortical activation patterns in blind 

and sighted humans during encoding and transformation of haptic images. Psychophysiology, 

34(3), 292-307. 

Röder, B., Rösler, F., & Neville, H. J. (2001). Auditory memory in congenitally blind adults: A 

behavioral-electrophysiological investigation. Brain research. Cognitive brain research, 11(2), 

289–303. 

Rüsseler, J., Scholz, J., Jordan, K., & Quaiser-Pohl, C. (2005). Mental rotation of letters, pictures, 

and three-dimensional objects in German dyslexic children. Child Neuropsychology, 11(6), 497-

512.  

Saksida, A., Iannuzzi, S., Bogliotti, C., Chaix, Y., Démonet, J.-F., Bricout, L., Billard, C., Nguyen-

Morel, M.-A., Le Heuzey, M.-F., Soares-Boucaud, I., George, F., & Ziegler, J. C. (2016). 

Phonological skills, visual attention span, and visual stress in developmental dyslexia. 

Developmental Psychology, 52(10), 1503-1516. 

Shaywitz, S. E. (1998). Dyslexia. New England Journal of Medicine, 338(5), 307-312.  

Swanson, H. L., & Luxenberg, D. (2009). Short-term memory and working memory in children 

with blindness: Support for a domain general or domain specific system? Child Neuropsychology, 

15(3), 280–294. 

Théoret, H., Merabet, L., & Pascual-Leone, A. (2004). Behavioral and neuroplastic changes in the 

blind: evidence for functionally relevant cross-modal interactions. Journal of Physiology, 98(1– 

3), 221–233. 

Tóth D., & Csépe V. (2009). Az olvasás fejlődése kognitív idegtudományi nézőpontból. 

Pszichológia, 29(4), 357–375. 

Ungar, S., Blades, M., & Spencer, C. (1995). Mental rotation of a tactile layout by young visually 

impaired children. Perception, 24(8), 891-900. 

Van Doren, J. A., Kaltner, S., & Jansen, P. (2014). Neuronal correlates of mental rotation 

performance in children with developmental dyslexia. Cognitive Neuroscience and 

Neuropsychology, 25(1), 34-38.  

Veispak, A., & Ghesquière, P. (2010). Could Specific Braille Reading Difficulties Result from 

Developmental Dyslexia? Journal of Visual Impairment & Blindness, 104(4), 228-238. 



19 
 

Veispak, A., Boets, B., & Ghesquière, P. (2012a). Parallel versus sequential processing in print 

and braille reading. Research in Development Disabilities, 33(6), 2153-63. 

Veispak, A., Boets, B., Männamaa, M., & Ghesquière, P. (2012b). Probing the perceptual and 

cognitive underpinnings of braille reading. An Estonian population study. Research in 

Development Disabilities, 33(5), 1366-1379.  

Veispak, A., Boets, B., & Ghesquière, P. (2013). Differential cognitive and perceptual correlates 

of print reading versus Braille reading. Research in Development Disabilities, 34(1), 372–385. 

Voyer, D., Jansen, P., & Kaltner, S. (2017). Mental rotation with egocentric and object-based 

transformations. The quarterly Journal of Experimental Psychology, 70(11), 2319-2330. 

Wong, M., Gnanakumaran, V., & Goldreich, D. (2011). Tactile spatial acuity enhancement in 

blindness: evidence for experience-dependent mechanism. Journal of Neuroscience, 31(19), 7028-

7037. 

Ziegler, J. C., & Goswami, U. C. (2005). Reading acquisition, developmental dyslexia and skilled 

reading across languages: A psycholinguistic grain size theory. Psychological Bulletin, 131(1), 3-

29. 

 


