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The present study is part of a major research mtojiesigned for
investigating the background of Braille letter casibn. The research
focuses on the spatial processing (e.g. mentatiooty language
functions as well as on verbal memory functiong-df year old
children. 104 blind and sighted children matcheddge, VQ were
taking part in the investigation. Four experimergabups were
created: 1) blind-low birth weight premature, 2)ra-full term, 3)
sighted-low birth weight premature and 4) sightall-erm. Two
different tasks were used for investigating thetigbprocessing; the
Mosaic task (from ITVIC test) and a mental rotatiask. This special
mental rotation task (FDT as ‘Flat Doll Task’) udatboth for blind
and sighted children was designed and developagblfor to
Memory functions measured by using verbal workirgaory and
verbal long term memory tasks were investigatedreSoof three
standardised tests (the Hungarian non-word repmtitind listening
span tests and the digit span test, RAVLT) wergeaosd for the four
experimental groups. The language functions werasored by using
a verbal fluency and a phonological awareness tstults of the
psychological tests were compared to those ofetterlconfusion
present in the Braille used by blind and in thedit@nal writing used
by sighted children. The main purpose of our studyg to shed light
on the possible similarities and differences deletonfusion
occurring in the two different writing systems kdiséther on tactile
or visual information, where three basic functiansre assumed to
contribute to a different extent to a letter combas

Keywords: blindness, premature, language functions, vertzhory,
spatial processing, letter confusion, Braille

In Braille letter reading a high rate of letter @umion is noticeable
(Kovacsné, 2007) and the understanding of coretifume behind is of
theoretical and practical importance as well. Angigant progress could be
seen in this research area during the last seyesal, and we know more
and more about on the different forms of letter fasion of
neuropsychological background as well as abouptssible differences in
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the average cognitive profile of sighted childr&@sé€pe, 2005; Csépe, 2006;
Csépe et al.,, 2006; Toth & Csépe, 2008 etc.). Relsean the neural
background of Braille reading began at the endheflt980s with the modern
imaging techniques as PET and fMRI (Wanet & Defalgtial., 1988; Uhl et
al., 1991; Pascual-Leone et al., 1992; Sadato &Hall999; Burton et al.,
2002; Harada et al., 2004; Hannan, 2006; Duncano&nBn, 2007). The
first results showed, among others, that two dotatsreas of the occipital
cortex taking part in processing visual informatidre V1 and the V2 show
a high activity during Braille reading.

In addition to the brain research data revealingjlarities in the neural
activity for script and Braille, a smaller numbdrstudies were conducted
for investigating the Braille letter, although tkedid not aim on exploring
the cognitive background of this failure (Arter,989 Greaney & Reason,
2000; Veispak & Ghesquiere, 2010).

The recognition of Braille characters

There are two models of the Braille character ratmmn. The traditional
assumption is that the Braille patterns are peetkhy touching them so that
the tactile information processed is as global sh&ach Braille character
consists of its own, global outline shape. Themfoeading errors could be
due to the lack of redundant features in the sy¢iotan & Kederis, 1969).
According to Heinze (1986) the location and plaéehe dots forming a
Braille character is critical and not the numenog$dr the recognition. In
contrast to these models Millar (1997) suggests ti@se who are blind
from birth on perceive and comprehend the Braillaracters as structures
and not as global forms. The most effective distrative cues in the Braille
system are rather the differences present in desigeor numerosity than
the spatial features such as dot locations, outiihepes, or symmetry.
Beginning readers often reverse characters of aingibnfiguration and of
those mirrored on the vertical or horizontal ax&s.the Braille characters
are structured along imaginary axes, beginning exsagommit ‘mirror-
image letter’ confusion type mistakes in judginggs dots. This type of
letter confusion can be seen in the following exi@mp

L N L N ® ®
e ® L N [ X
dfhj

Since the reader decoding Braille detects one cterat a time an
processes both the spatial and temporal featurdseofharacter the word-
reading in Braille means double ‘successivity’ assted with a higher
working memory load.

The cognitive functions of blind people

A proper review of the relevant literature reveatsmediately that the
majority of research aims mainly on investigatingnd adults. Due to a
frequent contradiction of results published it iffficult to find the

appropriateitems of the cognitive profile in order to form hogeneous
groups. While the use of verbal tests is unprobtemaerformance tasks
may loose their validity during adaptation, ancktasmposition is of special
importance when investigating blind subjects wogkimder time constraints
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and with 3D objects may produce unreliable datarif@di & Vecchi,
2000). The same is valid for failures of task desigeasuring the same
function with tasks adapted in different ways mapad to different
outcomes.

Many studies show that blind people often outpenfagighted ones
cognitive functions (Hoétting & Rdéder, 2009) such st®ort-term memory
(Juurma, 1967; Smits & Mommers, 1976; Hull & Mas&@95), long-term
memory (Amedi et al., 2003; Rdoder & Rosler, 20G@a)ditory frequency
discrimination (cit. Rokem & Ahissar, 2009) or spegerception (Hotting
& Rdoder, 2009).

The short-term memory performance of blind childresy by a
considerable measure, better than that of theintaig peers’ (Smits &
Mommers, 1976; Hull & Mason, 1995). In particulthey have a superior
pitch memory as well as a memory recall advantagke remembrance to
Braille and other tactile stimuli (Pring, 2008).

People with severe visual impairment perform betier auditory
perception, language and memory tasks as comparesighted people
(Hotting & Rdder, 2009). According to the researebults of Roder et al.
(2003) language processing and speech discrimmatie more effective in
blinds, probably due to a better tuned auditorycegtion. As it is broadly
accepted in psychology, the language processirig ske strongly linked to
working memory functions (Just & Carpenter, 199®)that we may explain
the better speech-perception of blinds by a higleking memory capacity.
The experimental data of Hull and Mason (1995), &@hd Neville (2003)
suggest that the working memory capacity of cortgliniblind people is
higher in the course of auditory word and numbekgathan those of the
sighted control.

In contrast to the above results some studies fabad blind people
complete the auditory tasks with lesser accuraan their sighted controls.
(Stankov & Spilsbury, 1978; Hollins, 1989; Mille1992). However,
according to Roder, Rdsler and Neville (2001) teefgymance shown by
blind people in memory tasks is higher than that tof the sighted
participants. As the authors argue, the reasomdttier memory is that the
blind people’s verbal information coding efficiengy better that that of the
sighted one.

As it is shown in a Hungarian investigation, prisnachool children with
visual impairment reach the highest rates in peagdi numbers and in
vocabulary tests (Pronay, 2004). Moreover, X thetilea exploratory
performance of blind people does not differ frorattbf the sighted people
shown in visual modality when performing working mmay tasks.
However, the duration of visual impairment may ata particular factor in
influencing the individual performance. People witkevere visual
impairment show significant differences in theirfpemance in cognitive
tasks; congenitally blind persons as weakest mosbably due to their
incapability of using any visual experiences inldiug up a mental
representation differing to a large extent the-kdted subjects. We may
assume that in late blindness the spatial infoonatif auditory and tactile
modality is related to past visual experiences (Chiiang & Wang, 2010).

The early research data on congenitally blind, idited and blindfolded
sighted adults suggests that vision is not thegaldi condition for a proper
spatial construction required in mental rotatioské&a These tasks were
designed for measuring the subjects’ performanaeglusimilar-different
judgment on pairs of forms to discriminate in thetile modality forms. The
two forms giving a pair could have the same origmoa or could be rotated
in relation to each other 30 60, 120, or 150 degi@&armor & Zaback,
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1976). Like the reaction times, The reaction tintesasured for the
congenitally blind subjects, similarly to the sigtitand the late-blind ones,
increased as a linear function of angular discrepanetween stimuli,
suggesting that the congenitally blind, like thghsed and adventitiously
blind, could mentally rotate one form into congroenvith the other in order
to make judging easier. However, the congenitallindb participant’s
performance was characterized by a higher errerthain the late-blinds.

These results were confirmed by Carpenter and Besgn(1978) who
used two letters of the (F and P) for tactile itigggion. The letters
presented in normal and mirror patterns were mdatipd in order to
examine the mental imagery performance of blindviddals. The two types
of letters were collocated by six different rotatd angles covering the
entire arc of a circle (from 0° to 360°). The authfound a linear relation
between the response-time and angular distance.r@dwion time of the
blind subjects was higher in the larger rotatioglaras compared to that of
the sighted control group. As a detailed analygigthe results revealed,
while the congenitally blind subjects produced & p& second speed in the
mental rotation task those who became blind latdife showed a 114° per
second and the blindfolded sighted participant83f per second speed. The
same pattern was found for the reaction time of riental rotation; it
increased between 0-180° and decreased betweeB6080-

However, significant group differences could notsbewn in agreement
with the results of Marmor and Zaback (1976). Meexo the error rate did
not differ in the three groups, and this was latenfirmed by Dodds,
Howarth, and Carter (1982).

According to some researchers the inconsistennig¢ke literature may
be explained by such individual variables as adecations well as age at
the onset of blindness. To take these factors adcount is especially
important when the education of blind people iddaus the special task
during education is how to contribute to the depsilent of expertise
important in mental rotation as well. Expert skiilhs Braille reading may
have a common background with mental rotation. &toee, we have to take
account this skill, especially because we oftenoenter over-learned
performance during comparative tests (Thinus-Bl&ar@aunet, 1997; Dulin
& Hatwell, 2006).

From point view of the assumed importance of sphtiactions in Braille
reading is rather unfortunate the sporadic useraraavailability of mental
rotation tests for blind children. We may assume thain reason is the
above mentioned difficulty of creating homogenegtsups, as well as the
low number of those visually impaired children wten be involved in an
experiment. However, there are some studies wiiolw sthat children and
youngsters (6-17 years) are less accurate in theammtation tasks then
judgments are made on objects rotated with 90° 2@, and the fewest
mistakes are made at 180° (Koustriava, 2010).

Aims of research, experimental questions

The goal of this research was to shed light ondl@sic cognitive functions
that may contribute to errors occurring during Beareading. For this
performance produced in tasks measuring languaggidms, memory and
spatial processing was investigated in 7-11 yedr ind children. Our
study aimed to look for similarities and differeadsetween letter confusion
occurring in the tactile and in the visual modaliéag “Braille-letter-
confusion” and “sighted’ letter-confusion”. The fimance shown by blind
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and sighted children forming four subgroups wasestigated in tasks
designed for measuring spatial functions, workingnmary and language
functions and comparing them in the four groups.

Based on the results found in the relevant liteeatlescribed aboveaye
presumed that blind children achieved higher scdredanguage and
memory tasks than their sighted controls. Furtheemeve assumed that
children born premature with low birth weight wile outperformed by the
full term groups, both blind and sighted.

Based on the results of Koustriava (2010) we aksumed an inferior
spatial function in blind children not only resuolyi in difficulties in spatial
tasks but also in lesser success in detectingl@iaiters in the space or in
category-free Braille cells.

As Braille characters are read in successive psesegrganized in space
and time due to tactility, we also hypothesizedimgreased of working
memory in Braille reading. We question, howeveat th strong connection
between the verbal working memory, spatial fundisacognition of the
Braille characters existed?

The main question of our explorative work was tartewhether the same
functions contributed to letter confusion in blisighted children.

Subject description, subgroup formation

One hundred and four sighted individuals of 7-14argavere investigated the
inclusionary criteria was a VQ higher than 85 (MAWIER). The study

aimed to include the entire 7-11 year old poputatd the Hungarian 7-11
blind persons. The sample consisted of 4 subgrselested according to the
gestation weeks (and weight) at birth a and to alismpairment or

intactness giving two subgroups as blind-low bisleight premature

(BLBW) and blind-full term (BFT), and two furtheubgroups as control
that is sighted-low birth weight premature (SLBWjdasighted-full term

(SFT).. The four well selected subgroups could bescdbed and

characterized by age at investigation, VQ, gestatieeks at birth and birth
weight.

Table 1.Groups by gender

BLBW BFT SLBW SFT Total
Gender| male 13 15 13 13 54
female 14 9 13 14 50
Total 27 24 26 27 104
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Table 2.Groups by age, VQ, gestation period, birth weight

| BLBW | BFT |  stwB | SFT

Age - month

106.23 113.50 111.23 108.22
Mean (13.624) (17.515) (14.589) (13.475)
Minimum 88 84 88 88
Maximum 132 140 139 137
VQ
Mean 96.38 (6.652) 99.17 (8.085) 98.12 (8.548) 78%8.097)
Minimum 86 85 85 85
Maximum 115 107 115 111
Gestation period — weeks
Mean 26.81 (2.079) 39.75(0.737) 27.85(2.222) 5&%91.086)
Minimum 24 38 23 37
Maximum 32 41 31 41
Birth weight — gram

931.92 3286.67 1048.54 3273.89
Mean (277.128) (296.643) (323.575) (285.840)
Minimum 570 2560 610 2550
Maximum 1780 3800 1900 3750

The most common cause of blindness in the BLBW griN=26) was
ROP (retinopathia prematurorum) (N=22). The oth@r-diseases leading to
blindness were of known origin asphthysis bulbi {INand glaucoma (N=1),
or unknown etiology (N=2). In the BFT group (N=2#)ndness were caused
by retinoblastoma (N=5), Leber's congenital amaisros(N=4),
chorioretinitis (N=3), tapetoretinalis degenerafid=2), glaucoma (N=2),
buphthalmus (N=2), decoloratio papillae (N=1), ambplmus (N=1),
opticus glioma (N=1), microphthalmus+cataracta (N=PHPV ablatio
retinae (N=1), or by unknown incidence (N=1).

The investigation on blind participants was carmed at the School for
the Blind (Budapest) and that of blind childrenduin integrative classes
at their home. The sighted control group was ingastd took place at their
school or home and occasionally at the Department of Obstetrics and
Gynecology of the Semmelweis University. In orderkeep the sample as
homogeneous as possible the results of a 7 yead-laiv birth weight
premature boy of high VQ (VQ = 145) was excludenhfrthe evaluation.

Methods
Cognitive functions

Special attention was paid to choosing the tesisttest selection in the
sense that only in order to apply easy to use thsks for sighted and blind
subjects. The language functions assumed to catgrito letter confusion
were measured by using verbal fluency and phoncdb@wareness tests.

Memory functions were investigated in verbal wogkmemory and
verbal long term memory tasks as measured by thegatian non-word
repetition test, the Hungarian listening span tBsicsmany et al., 2005), the
digit span test, and the Rey Auditory Verbal LeagniTest. Spatial
processing was measured by using the Mosaic taskIffVIC and a mental
rotation task called ‘Flat Doll Task’ (FDT). The FDs a new test developed
by us for investigating the egocentric mental rotatin a way that is
convenient and easy to use both for blind and sdybhildren.
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Language function

The verbal fluency and phonological awareness tagkghe Hungarian
version of NEPSY® were used. The developmentalopmychological test
battery (not standardized and not used in the distgm praxis in Hungary)
was translated and adapted for Hungarian by peionisg the publisher and
used for research purposes exclusively in the relsegroup of the second
author.

« Verbal fluency

This task examines the child’s ability of word geai®n and measures
the semantic and phonological fluency. In the seimafluency task
subjects have to name animals, food and drinkthdrphonological part of
the fluency words with two different consonants dnaw be generated. The
task is to rehearse as many words per categorpssihbe in 60 seconds.
The words produced are recorded in 15 second edeand the number of
perseverations, various types of failure and nosserords are registered as
well.

* Phonological processing

This task measures phonological awareness in lrgses of task; one for
children under the age of 10 and one over. In ohildetween the™7and -th
year of age both the phonological and phoneme deasd measured. The
phonological level is investigated in tasks reaugri spoken rhyme
recognition, spoken rhyme categorization, spokgmehgeneration, syllable
segmentation, syllable completion and syllable titete At the phonemic
level phoneme deletion, phoneme isolation, phonemaé&hing, phoneme
segmentation and phoneme manipulation are measured.

Between the 10and 1% year of age the second set (B) of the NEPSY®
phonological tasks estimating the phonological ssgation on syllabic and
phonemic level is used. The subjects have to faem words via syllable or
speech sound deletion, or via changing a phoneneigiven word.

Memory function

e Hungarian Non-Word Repetition Test (HNWRT)
The skill of non-word repetition occurs in paralieith the developing
reading skill, most probably as the result of a lydearned function that is
the sound- by-sound segmentation of spoken uttesafRrady, Shankweiler
& Mann, 1983). The Hungarian non-word repetitiostteonsists of 36
meaningless words (1-9 syllables), four non-womisasponding both to the
Hungarian phonology and phonotactic rules at egltabsc length used.

The examiner reads the non-words with flat proseithout expressed
accentuation, and the subject’s task is to regeatnbn-word heard Digit
Span Test (DST).

The Digit Span Test commonly used for measuringoalemworking
memory was developed and first described by Jadobsl887 for
investigating the memory functions of schoolchitdr@his test became a
part of the Wechsler's tests (WPPSI-R; WISC Ill; V8AR), and the
Hungarian 1Q tests (MAWGYI; MAWI) used earlier incled its translation
as well.

The subject’s task is the exact repetition of thenber sequences read
aloud by the examiner. The DST consists of sevérs pd random number
sequences and each trial consists of four itemgsfRany et al., 2005).
‘When a sequence is repeated correctly, the examaaels the next longer
number sequence, continuing until the subject failsair of sequences or
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repeats the highest sequences correctly’ (Lezalal.et2004:352). The
number of digits in the longest sequence givescHymacity score of short
term memory of the subject investigated (Racsméamay..e2005).

* Hungarian Listening Span Test (HLSP)

This test is designed for measuring complex anbédrigevel components
of the verbal working memory. The items used in 8T are sequences
read aloud by the examiner for task the subjectsehask is to make right-
wrong judgments and to memorize the sentence’salasd for later recall.
The subject’s task is at the end of one block ofesgces to repeat all the last
words in the order of exposition. The HLSP (Janlaeteal., 2009) (consist
of three series of sentences (blocks) and thestest is an average of the
number of sentences of correctly repeated finaldwair the three blocks
used.

¢ Rey Auditory — Verbal Learning Test (RAVLT)

This test was developed for investigating cogeifivocesses contributing
to verbal learning (Rey, 1964). The test ‘affordsamalysis of learning and
retention using a five-trial presentation of a 1&ravlist (list A), a single
presentation of an interference list (list B), tpwst-interference recall trials
— one immediate (VI), one delayed (VII) around 30nuies — and
recognition of target words presented with disivex (Lezak et al.,
2004:422). Trial | measures immediate word spareunsgerload conditions.
List B measures proactive interference, trial \étroactive interference and
trial VII. the delayed recall. The test is commoniged for detecting
memory deficits and delineating dissociative lesioof retrieval and
recognition processes.

Spatial processing

* Mosaic task — tactile task of ITVIC (Intelligencest for Visually
Impaired Children)

The test consists of 14 block-design tasks. Thégestlb task is to reproduce
a tactile pattern in two different frames. The tess two levels; the tasks 1-8
use a 2x2 square-size frame, the tasks 9-14 ug8 sgiare-size frame. The
squares are used to construct replicas of therpatteade by the examiner.
The squares have three variations: smooth, rougd, fealf smooth-half
rough.

Blind subjects have to work under time constraimntsthe first trial 6
minutes, in the second trial 10 minutes are givanfihishing the pattern
given. The test measures the subject’s capacitgfmduce a spatial form
based on a model. The rotation of the form may bapperbal mediation
improves the performance, similarly to the viswaktin sighted subjects so
that subjects of good language function may ugericompensating. Low
performance may be linked either to the lack ohpilag or to inadequate
monitoring functions. It is worth to keep track dhe time spent on
exploration as well as on the number of returnge Wosaik task is used in
tactile form in the blind group and in visual madehe sighted group.

« ‘Flat Doll' mental rotation Task (FDT)

The FDT is our own design and developed for stuglypatial rotation
equally performable for blind and sighted childr&his task is performed by
using a doll figure made of thin wooden plate arghbh The doll is easy to
recognize and discriminate from the background lmthactile and visual
means. The FDT consists of two trials and four tasks’. During the first
two trials the subject’s task is to state whetherltall is on the figure’s right
or left side during rotation. During the second tiwals the subject’s task is
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to put the ball on the figure’'s hand during rotatishile the desired side is
chosen by the subject. Each trial consists of trasgntations. First the task
is carried out in front of the subject’'s body (nmirror image task), the

second is on the table (mirror-image task).

Task ‘A’ (non-mirror image task): The ball is puh ¢he figure by the
examiner. The subject’s task is to state whetherbill is on the figure’s
right or left side during the rotation. The taskcesried out in front of the
subject’s body.

Task ‘B’ (mirror image task): The same as Task fAlt the task is
carried out on the table.

Task ‘C’ (non-mirror image task): The examiner ck&® one hand of the
figure and puts the ball on that side. The subjetztsk is to put the ball on
the figure’'s same hand during rotation. The tagtaisied out in front of the
subject’s body.

Task ‘D’ (mirror image task): The same as Task it the task is
carried out on the table.

The task measures the performance speed and thbenuwh correct
answers. Every task consists of 9 ‘subtasks’ whiehthe rotated trials. The
trials are performed in random order, so that thglea and the side of
rotation are unpredictable.

Statistical analysis

The results of the tests performed were compareti@nfour groups. The
normative data were found very similar in the SHDup therefore the
results of this group are not presented in the lresection. A detailed
analysis was performed in order to look for posstdrrelations between the
three functions investigated by using differenksaand the letter confusion.

The Braille letter errors found in the blind growpre classified in three
categories following the results and suggestiondPfg (1994), Millar
(1997) and Fellenius (1999). Letter errors of pHogizal nature not
explicable by spatial character of the Braille delimed the first category.
Letter errors of spatial character, called ‘mirketters’ formed the second
category. Letter errors not otherwise classifiennied the third category or
group of ‘other’ errors. The letter errors of sphorigin are easy to classify.
This is due the fact that the Braille cell is toedhin an angle of 30° by the
index finger and therefore the discrimination iseof very difficult as for
example in case of the number 5 or 6 leading teequient error (Lorimer,
1996a, 1996b).

The letter errors produced by sighted’ readers Jassdied as
phonological and spatial categories. The followangors were put into the
last category: d-b-p-g or f-t.

For statistical analysis the SPSS 17 program wasl,uthe type of
analysis is given at the different tasks in thelltesection.

Results
Language function

The task performance measured in the verbal fluearay phonological
awareness tasks were compared by using RepeatasdmeeANOVA for all
four groups.

The mean scores of the verbal fluency task weraddugher among the
blind as compared to the sighted children and atsong the full term as
compared to the low birth weight premature borrdcbn. The difference
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was statistically significant between blind-low thirweight premature and
the sighted-low birth weight premature groups (Eg3483, p=0.003), as
well as between the sighted-low birth weight pram@atind sighted-full term
groups (F(3)=4.483, p=0.025).

Table 3.Verbal fluency and phonological fluency performaircéhe four
experimental groups

Group | Mean SD F-value | BFT SLBW SFT

Verbal fluency | BLBW| 47.44 | 22.889 F(3)=4.483|p=0.176 | p=0.982p=1

BET | 60.32] 16.983 p=0.003| p=0.025
SLBW| 41.39] 9.519

SET | 47.48] 11.133

Phonological 69.64 | 17.788 F(3)=3.348
processing BLBW p=0.984 | p=0.973p=0.192

BET 66.65| 13.221 p=0.491| p=0.008
SLBW | 72.96 | 13.897

SFT 78.78 | 11.73%2

The results of the blind group shown in the phogalal awareness tasks
were worse than those of the sighted groups arsd dbintradicts to our
expectations formed according to the relevant ditee. The results
confirmed the hypothesis only for the sighted groupere the low birth
weight premature children underperformed the fuirmt groups.
Furthermore, a significant difference was foundnaaein the blind-full term
and the sighted-full term groups (F(3)=3.348, p68)0

Memory functions

The memory functions were investigated by measwerpal and complex
working memory tasks; the HNWRT, the DST and theSHILThe measured
performance of the four groups, were compared lyguANOVA and to
compare the four groups.

Figure 1.Group means of the verbal working memory tasks
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We expected a general advantage of the blind énildwer the sighted
ones, so that our choice of working memory tasksesponded to that of
Roder and Neville (2003), and Hotting and RodelO@0As Brigitte Réder
points out in all her studies the working memorypasty for words and
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numbers presented acoustically is ‘specificallyghar in congenitally blind
subjects than that of the sighted ones. Howevermag also assume that
children born premature with low or very low binteight show a low
performance in tasks designed for working memonyacay measures and
this may have a negative in blind children.

As we expected, only one of the two tests on vewsaking memory
produced significantly different results. Signiintalifferences were found in
the HNWRT between the blind-low birth weight preovat and blind-full
term children (F(3)=3.373 p=0.021A two-sample t-tesed in a post-hoc
analysis based on sub-grouping by age ( 7, 8, 918rHtl yeas) revealed a
higher performance in the 9 year old blind childvemo outperformed their
matched sighted controls (1(21)=-2.578, p=0.018jthi®v¥ blind groups the
BFT children showed a strong tendency of bettenltesHowever, in the
SLBW group the 7, 8, 9 year old subjects perforioetter than the full-term
children loosing their advantage. This may be duea large number and
wide spectrum of developmental changes contributintpe effect of over-
learned functions on our measurements.

The statistical analysis of the DST and HLST reedah striking
similarity of the four groups; the DST scores wénie same for all four
groups and no significant differences were foundhim HLST. Although a
tendency of better DST performance can be seefind bhildren over the
9" year of age, a striking similarity is present fre tperformance of blind
and sighted children under this age.

The post-hoc analysis made for subgroups brokemdnmnage revealed
an advantage of blind children over 9 as comparesighted ones.

Results of the RAVLT were in agreement with our diyyesis; the blind
group outperformed the sighted one and the fulntgroups performed
better than prematures.

Figure 2.Group results of the RAVLT
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As we can see on Figure 2. the blind groups outparthe sighted ones
in the tasks catching direct and delayed recdllis Important to note that
while the blind groups showed no birth weight-/géshal age-related
differences the performance of low birth weightrpature slightly differed
from that of the full term children. Significantfiéirences were found in the
A1-A5 trials between the blind and sighted groups, blind groups differ
significantly only in the A6 and A7 trials.
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Table 4.Summary table of statistically different trialsRAVLT in the four groups

BFT SLBW SFT

A3  BLBW

BFT F(3)=4.246 p=0.017
A4 BLBW

BFT F(3)=5.416 p=0.022 F(3)=5.416 p=0.0R7
A5  BLBW

F(3)=5.6735.673

BFT p=0.002 F(3)=5.673 p=0.002
A6 BLBW |F(3)=6.339 p=0020

BFT F(3)=6.339, p=0.018 F(3)=6.339 p=0.0p1
A7 BLBW |F(3)=6.339 p=0.022

BFT F(3)=6.339 p=0.003 F(3)=6.339 p=0.0p0

A closer look at the Figure 2. reveals a specialig point, that is the
very low mean score of the BLBW group in trial BeWhay explain the
strong proactive interference as retrieval problemcognitive fatigue.
Moreover, the lower number of recalls in trial A8 eompared to trial A5
may sign a fast memory lapse during a slight redallay or that of
retroactive interference supported by memory orcetiee dysfunction as
underlying functions (Lezak et al., 2004). Furthere; as the group
performance shown in the working memory tasks lolyrdit differ from that
of the other groups, the lower achievement can Xqgamed by lower
effectiveness of the executive functions. The los@res shown in trial A7
could imply storage or recall problems. Interedtingg mirrored pattern
could be observed in the sighted-full term group;significant differences
occurred between the A5 and A6 trials, no low ssevere found in trial A7.

Spatial processing

The most unexpected result we found was the spagidbrmance of the
SLBW group.

Figure 3.Results of the Mosaic task in the four experimegrailips

BLBW BFT SLBW SFT
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We have found significant differences between BLBAWd SLBW
groups and BLBW and SFT groups (F(3)=54.675, p@.00/e have also
found p<0.001 significances between SFT and SLBWd, lsetween BFT
and SFT groups.

Blind groups showed significant deficiencies in tegdatasks such as
mental rotation tests like the ‘Flat-doll task’. thie task is presented in a
mirror-image arrangement, the difference betweamdldnd sighted groups
is larger. We have found significant differences non mirror-image
arrangements (Task ‘A’) between BLBW and SFT gropé3)=7.939,
p=0.000) and (Task 'C’) between BFT and SFT gro(p$3)=5.246,
p=0.000). In a mirror-image arrangement (Task B8re found significant
difference between BLBW and BFT groups (F(3)=8.5p%0.025) and
(Task 'D") between BLBW and SLBW groups (F(3)=6.2p30.016) also
between BLBW and SFT groups (p=0.001).

We explain this as a result of extensive develogméme low
achievements of the blind group may come from theblpm of
comprehension and reproduction of spatial relatfarthermore from
inadequate monitory function.

Relationship between letter confusion and the dognfunctions
investigated

In the further analysis we aimed to discover rédialinks between the
language, memory and spatial functions in relatmithe letter confusion.
The letter confusion was investigated in a simgading task, where all
children read the same letters and syllables inuthepaired modality: blind
subjects read Braille, sighted subjects read wrist@all letters of 12 font on
white papers. The letter reading errors were doideto two groups:
phonological type and spatial type.

The correlation analysis was performed by usingstimae SPSS program
as for the other statistical analyses.

In the blind groups the phonological type error8Bmaille letter reading
showed a negative correlation with VQ (r(48 )=-@.39=0.005), RAVLT
(r(48)=-0.316, p=0.025), h phonological awarene@8j=-0.343, p=0.015),
verbal fluency (r(48)=-0.298, p=0.036) and DST &)&0.306, p=0.031).
Moreover, a negative correlation of the phonololgigpe errors in Braille
was found with the Mosaic task scores (r(48)=-0,34€0.013) and the
mirror-imaged mental rotation tasks: 'B’ task (#€.367, p=0.009), 'D’
(r(48)=-0.392, p=0.005). In sighted groups a negatiorrelation of the
phonological type letter confusion and the VQ (J60.369, p=0.007),
phonological awareness (r(50)=-0.317, p=0.022) &MNWRT (r(40)=-
0.375, p=0.006) was found

The spatial type Braille errors showed a negatoreetation with scores
of the Mosaic task (r(48)=-0.348, p=0.013) and ¢ho$ the non-mirror-
imaged mental rotation tasks: ‘A’ task (r(48)=-®3%=0.012), ‘C’ task
(r(48)=-0.337, p=0.017), as well as of the mirnmraged mental rotation
tasks: ‘B’ task (r(48)=-0.341, p=0.015), ‘D’ task48)=-0.452, p=0.001). In
the sighted group no correlation was found betwdmntest scores and
spatial type letter errors. The results are sunmadrin Table 5.
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Table 5.Correlations between task scores and letter errors

Blind groups

Sighted groups

Braille spatial
letter
confusion

Mosaic task
(r(48)=-0.348,
p=0.013)
Mental rotation test
A’ task
(r(48)=-0.352,
p=0.012)
B’ task
(r(48)=-0.341,
p=0.015)
'C’ task
(r(48)=-0.337,
p=0.017)
'D’ task
(r(48)=-0.452,
p=0.001)

'Sighted’ spatial
letter confusion

Braille
phonological
letter
confusion

VQ
(r(48)=-0.394,
p=0.005)
Phonological
awareness
(r(48)=-0.343,
p=0.015)

Digit span test
(r(48)=-0.306,

'Sighted’
phonological
letter confusion

VQ
(r(50)=-0.369,
p=0.007)
Phonological
awareness
(r(50)=-0.317,
p=0.022)

Hungarian non-word
repetition test

p=0.031) (r(40)=- 0.375,
Rey p=0.006)
(r(48)=-0.3186,
p=0.025)

Verbal fluency
(r(48)=-0.298,
p=0.036)
Mosaic task
(r(48)=-0.348,
p=0.013)
Mental rotation test
‘B’ task
(r(48)=-0.367,
p=0.009)
'D’ task
(r(48)=-0.452,
p=0.001)

The above results strengthen the suggestion thedessful Braille

reading requires well developed spatial functiohsuccessful orientation
in mirror-imaged locations ensures the correct gadmn of Braille
characters, and this skill relies on egocentriatiohs during reading; blind
children encounter the Braille character as mirpatterns where the
reference is their own body axis. The correlatitmend between the ‘B’
and ‘D’ task scores of the ‘Flat-Doll’ Test withtter recognition is in
agreement with this assumption.

It seems that la successful recognition of lettersled in the two
modalities (tactile and visual) correlates with e level of phonological
processing and the capacity and span of the vevbdting memory. In
blind groups this skill is supported as shown kg thigh correlation values
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by the capacity of long-term memory (Rey) and exgeufunctions, in
addition to the spatial abilities.

Discussion

In a research study performed in group of 104 sigilaind blind children we
examined some basic cognitive functions assumedotdribute to letter
recognition and letter confusion type errors. Thresn cognitive domains,
language memory and spatial processing were imabiy by using a
special set of tasks Our results do not supportiteel data of the relevant
literature on a higher impact of phonological awass on Braille reading in
blind children as these children of 7-11 yearsgs did not outperform their
sighted matched control. Irrespectively of the nlibgaf letters to read the
test scores achieved in the phonological proceswsts correlated with
letter recognition in both groups. However, blinkildren showed better
results in many tasks and tests requiring well ke linguistic and
executive performance correlated well with the ssstul Braille letter
decoding. The performances of children born prereatvere in the lower
range both for blind and sighted.

The working memory tests revealed significant défees between the
blind and sighted groups as well as between thaduh and the low birth
weight group of children born premature. The Huiagarnon-word
repetition test showed a high correlation with lstéer reading performance.
The level of development of the verbal working meyrgeems to be crucial
both modalities in achieving a successful lettecodéng. The impact of
verbal working memory on letter decoding of blirfdldren improves at the
age of 9 as compared to sighted subjects. (Thdetery was notable using
Digit span test.) The working memory task scorethenSLBW group were
astonishingly high. As our SLBW group belongs tepecial sample, we
may explain this result with the efficiency of earintervention and
development used in formal education and this igneement with the
conclusion drawn by Dulin & Hatwell (2006).

The complex working memory tests did not providg &urther ground
for differentiating between the blind groups or Highted groups. However,
the Rey (RAVLT) test showed significant differendetween the blind and
sighted groups this is in agreement with the caicludrawn by Hull and
Mason (1995), Roder and Résler (2003) etc. Theéexeth difficulty found in
the BLBW group can explained by weaker executivefions, and a strong
connection between the recognition of Braille chems and the success of
delayed memory retention can also seen.

All the tests chosen for investigating the spapiedcesses assumed to
correlate with letter decoding gave significantuiess However, while the
Mosaic task showed significant differences betwten blind and sighted
groups, no difference was found in reference togdstational age. In this
task an extremely high performance could be seethanSLBW that can
only be explained in further research. Results & Mosaic task - the
success of spatial processing — could be well tirtkethe success of Braille
letter recognition in the blind groups. Moreovdre tmental rotation task
performance revealed significant differences bebabe blind and sighted
groups and between the full term and low birth \Wwejgremature groups. In
blind children the mental rotation performance, eesgly the results of
mirror-image tasks highly correlated with the swscef the of the Braille
letter recognition. Now we presume that the Brailidl with axis' referenced
to the human body can be divided into two part2(13 dots — right side; 4,
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5, 6 dots — left side), so that the developmenthef egocentric spatial
functions (especially mental rotation) may influertbhe success of Braille
reading as it is a mirror-image compared to thadolchild’'s body axis.
Based on our result we suggest that the Braillerletonfusion is due to
weaker functions both in the phonological and spdtinction where both
underdeveloped phonological processing and erreemntal rotation may
lead to Braille letter confusion.

A deeper understanding of the developmental aspédtsese function
need an expansion of the age range with participaptto the 18 year of
age. Our investigation shed light on the importaofcesk choice as well as
on that of the cognitive domains investigated. €fae, our further studies
will focus on different task touching upon the daldactors of the verbal
spatial attention and executive functions as welltteose of the memory
system both in blind and sighted groups.
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