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Influence of phonological disorders on reading and 
writing disabilities

Influência do transtorno fonológico sobre os transtornos de 

leitura e da escrita

Monique Cantelli da Silva1, Clara Regina Brandão de Ávila2

ABSTRACT

Purpose: To investigate the influence of phonological disorder, present 

at school age on performance on tasks of reading, writing, phonological 

and auditory processing and the relationships between these variables. 

Methods: A total of 28 children regularly enrolled in 4th and 5th grade 

of elementary schools were divided: Research Group 1, Research Group 

2, and Control Group. The following skills were assessed: reading, wri-

ting, phonological and auditory processing. The data were statistically 

analyzed. Results: Control Group showed better results in reading, 

writing and processings. Experimental Groups were similar in terms of 

phonological awareness and phonological short-term memory. Experi-

mental Group 1 showed lower values of performances compared to Ex-

perimental 2, with or without statistical significance. Auditory processing 

was similar among three groups, with the exception of Sequential Verbal 

Memory task. The three groups showed different patterns of correlations 

between variables. Conclusion: The phonological disorder was asso-

ciated with worse performance on reading, spelling and phonological 

processing. The different groups showed different patterns of correlations 

between reading, writing, listening and phonological processing, which 

corroborated the results of the comparisons.

Keywords: Speech disorders; Learning disorders; Language; Auditory 

perception; Speech, Language and Hearing Sciences 

RESUMO

Objetivo: Investigar a influência do transtorno fonológico sobre o 

desempenho em tarefas de leitura e de escrita e as relações entre essas 

variáveis. Métodos: Foram avaliados 28 escolares matriculados no 

4° e 5° anos do Ensino Fundamental, divididos em Grupo Pesquisa 

1, Grupo Pesquisa 2 e Grupo Controle. Foram avaliadas as seguintes 

competências: leitura, escrita, processamento fonológico e auditivo. Os 

dados foram analisados estatisticamente. Resultados: O Grupo Con-

trole mostrou melhores resultados em leitura, escrita e processamentos. 

Os Grupos Pesquisa mostraram-se semelhantes quanto à consciência 

fonológica e memória fonológica de curto prazo. O Grupo Pesquisa 

1 mostrou valores médios de desempenho mais baixos na maioria das 

tarefas, quando comparado ao Grupo Pesquisa 2, embora sem diferença 

estatística. O processamento auditivo mostrou-se semelhante entre os 

três grupos, com exceção da prova de Memória Sequencial Verbal. Os 

três grupos apresentaram diferentes padrões de correlações entre as va-

riáveis. Conclusão: O transtorno fonológico mostrou-se associado aos 

piores desempenhos em leitura, escrita e processamento fonológico. Os 

grupos apresentaram padrões diferentes de correlação entre as variáveis   

de leitura, escrita, auditiva, processamento auditivo e fonológico, o que 

confirmou os resultados das comparações.

Descritores: Distúrbios da fala; Transtornos de aprendizagem; Lingua-

gem; Percepção auditiva; Fonoaudiologia 
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INTRODUCTION 

Studies about the language development identify the exis-
tence of a continuity relation between the oral and written 
forms of human communication(1-5). Both share functions and 
processes of different language subsystems, some of which 
– mainly the phonological – are important to learning the 
alphabetic principle of writing. The same skills and linguistic 
information that, throughout the development of the oral lan-
guage and speech, provided support for learning new words and 
phonemes are used capably in perceptual and metacognitive 
demands for learning the alphabetic system. They involve and 
define the child’s need to have developed, fully and adequately, 
his speech system, when entering school.

However, Brazilian studies have identified significant per-
centage of children who, despite having started the literacy 
process, still presented speech disorders, mainly characterized 
by the presence of Phonological Disorder (PD)(6-9). Given that 
the phonological representations are the substrate in which the 
formal information about letters and written words are sedi-
mented - primarily starting from phonological awareness skills 
and phoneme-grapheme association - it may be thought, then, 
that learning reading and writing, during a speech disorder, is 
not an easy task for the student.

Both clinical and research aimed at disorders of reading and 
writing have reported different patterns of association between 
metaphonological skills or other of phonological processing, with 
changes that are manifested in writing and reading(10-12), according 
to the presence or absence of speech disorder in co-occurrence.

Quite often, children diagnosed with Reading Disorders 
and/or Writing Disorder (RAWD) present in their develop-
ment histories delays or changes in phonemic acquisition. 
Others demonstrate, under speech evaluation, the Phonological 
Disorder that, at this stage, should exacerbate losses expressed 
in reading and/or in writing. In this case, the student will be 
doubly penalized in his effort to read and write.

Among students with RAWD, there are those who, despite 
the age, still show persistent changes in speech, especially 
phonological or phonetic-phonological. According to published 
data, these changes can be so defined when present in children 
at school age, typically from the period between five and six 
years, or remaining beyond the age of nine(1,2,13). Under these 
conditions, one can observe from speech disorders already 
treated, or speech patterns which became normal later, even wi-
thout speech therapy, up to persistent speech difficulties during 
schooling and which can continue until adult life in children 
who did not satisfactorily respond to therapeutic intervention. 

The correlations between the presence of phonological al-
terations and phonological processing deficits are known(9,14,15). 
The latter, of course, increase the risk of the emergence of 
difficulties in learning the alphabetic principle, harming their 
own learning and use of reading and writing(10,11,13,16,17), or 
worsening the changes already installed.

Thus, the hypothesis that PD manifested in speech, still 
present at school age, can hinder, aggravate or worsen the 
conditions for learning reading and writing conducted this 
research. Assuming that different capabilities of processing the 
linguistic or phonological information underlie in the learning 
of reading and writing, the worst or best conditions of reading 
and writing can be also characterized in the level of these 
processes and, likewise, show different skill levels featuring 
different frames or subtypes. Therefore, it was also raised the 
hypothesis that the different performances in phonological 
processing, hearing, reading and writing can determine different 
correlation patterns, the presence or absence of the PD when 
the RAWD presents itself.

Therefore, the objective of this research was to investigate 
the influence of PD, still present in school age over the per-
formance in reading, writing and phonological and auditory 
processing, in addition to investigating possible relationships 
between these variables.

METHODS

Research approved by the Ethics Committee of the 
Universidade Federal de São Paulo (UNIFESP) - Hospital 
São Paulo under number 0438/10. Started after the approval 
of schools and signature of the Term of Free and Informed 
Consent Form (ICF) by the parents of the students. Data col-
lection occurred in the first academic semester of 2011, during 
a period of three months.

Of a total of 51 students initially screened, 28 (eight girls) 
aged between 9 and 12 years composed the sample. Although 
the socioeconomic status of the participants to the constitution 
of the sample was not considered, all of them were regularly 
enrolled in public schools in the cities of São Paulo and Embu 
das Artes.

The criteria for inclusion in the sample were: the absence of 
complaints or indicators of the presence of changes or deficits 
in hearing or vision (uncorrected) and neurological, behavioral 
or cognitive disorders; history of grade retention; completion of 
speech screening to confirm the characteristics to be observed 
for the sample composition. Students who did not show, at 
least, on condition syllabic-alphabetic writing(18) of high fre-
quency words, or who did not read words, even if spelled and 
the students who did not present cochlear-eyelid reflex (CER) 
in the Simplified Assessment on Auditory Processing(19) were 
excluded from the sample.

The students were recruited when arriving at the Outpatient 
Department of Speech Therapy of Hospital São Paulo, with 
complaints related to learning disabilities, or at public schools 
that participated in the survey. Were screened for composing 
three groups delineated, a priori: Control Group (CG): students 
considered to have good school performance by their teachers(20) 
and no report of grade retention; Research Group 1 (RG1): 
students with a complaint or indications of changes related to 
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learning of reading and writing and speech disorders; Research 
Group 2 (RG2): students with a complaint or indications of 
changes related to learning of reading and writing and without 
complaints related to speech.

They underwent speech evaluation to confirm the presence 
or absence of changes in reading, writing and speaking and were 
formulated speech diagnoses, when relevant. The results obtai-
ned in this evaluation were used primarily to sample selection 
and structuring of the participating groups. These results, along 
with those obtained in other assessments, made   up the total 
data on reading, writing, speech, auditory and phonological 
processing, allowing comparisons to be made between groups 
and the investigation of correlations among the variables.

Regarding to written communication, this study investigated 
only skills related to coding and decoding. Statistical analyzes 
consisted of oral reading of single items - two lists (38 words 
and 29 pseudowords), balanced according to the extent, fre-
quency, and spelling(20,21) and oral reading of a text appropriated 
to the educational level(22), calculating rates and accuracies of 
these readings. The values   were compared with those descri-
bed by other authors(20), by grade level, for checking reading 
decoding deficits and for the exclusion of the sample when 
indicated. Was also applied the Written test under dictation of 
two lists (35 words and 21 pseudowords)(21,23) and unattended 
writing of a history based on pictures in succession. As a 
procedure for deletion of the sample, the written productions 
were classified according to their characteristics, as expressive 
of one of the four writing hypotheses(18): pre-syllabic, syllabic, 
alphabetic and syllabic-alphabetic. In addition, was computed 
the number of correctly spelled words and pseudowords, for 
comparison between groups.

For the assessment of oral communication was applied the 
Phonology Child Language Test - ABFW(24). Of this Protocol 
was used only naming pictures. Were identified and analyzed 
the phonological processes in speech of students, when present, 
and it was estimated the yield of these processes, characterizing 
the presence of PD and defining the grouping of students with 
RAWD in both research groups. RG1 was composed of students 
who showed at least one productive phonological process.

The 28 students were then grouped into: RG1: seven chil-
dren with speech diagnosis of RAWD and PD; RG2: eight 
children with speech diagnosis of RAWD (no evidence of 
phonological disorder); CG: 13 students without RAWD or PD, 
or related complaints, indicated by the teachers for presenting 
a good academic performance. 

All were also evaluated on their ability to process phonolo-
gical and auditory information through the following protocols: 
1.  Simplified Assessment of Auditory Processing (SAAP)(19) 

- Evidence: sound localization in five directions; nonverbal 
sequential memory (NVSM); verbal sequential memory 
(VSM);

2.  Assessment of Phonological Processing: Memory 
Test Phonological Working - Brazilian Pseudoword 

Repetition (BCPR)(25); Rapid Naming Test (Objects and 
Colors) - Comprehensive Test of Phonological Processing  
(CTOPP)(26); Phonological Awareness Test (PCF)(27).
Was applied the nonparametric Kruskal-Wallis test in order 

to compare the data between the groups studied and the Control 
Group. When differences were detected, the Tukey multiple 
comparisons were used. The Spearman correlation coefficient 
was calculated to investigate the possible relations between the 
variables of reading and writing, and auditory and phonological 
processing in the three groups. For all tests significance level 
was set at 0.05.

RESULTS 

The GC showed higher average rate and accuracy in reading 
single items or text and, on average, was more often right when 
writing under dictation, when its performance was compared 
to that of RG1 and RG2. Despite the RG1 has presented lower 
values of average read and written items correctly, both research 
groups showed statistically similar performance in the tasks of 
reading and writing (Table 1).

The comparison between the three groups showed higher 
average of correct answers of the CG in tasks that assessed 
phonological awareness. Both study groups had similar 
performances in these tasks. The evaluation of phonological 
short-term memory showed higher average levels of CG, when 
compared to RG1, to most stimuli, no difference in relation to 
RG2 was noticed in this test. However, when the stimuli were 
of high similarity with words, the performance between the 
three groups was similar. The time of rapid naming of objects 
showed that CG and RG2 were different, with lower average 
of the CG. However, there was no difference between CG and 
RG1 and between RG1 and RG2 regarding the time required to 
name objects.The average number of errors observed during the 
naming of objects and colors, and time spent in naming colors 
did not differ among the three groups (Table 1).

The three groups were similar regarding the location of the 
sound source and nonverbal sequential memory. However, when 
compared, the averages shown by CG were higher than those in 
RG2 and the ones of this, higher than the ones of RG1 (Table 1).

The investigation of the correlations between the variables 
of reading and writing and the others for auditory and phonolo-
gical processing found positive correlations for the CG, ranging 
from moderate to excellent. Correlations were confined to the 
variables of the same nature, that is, the variables of reading and 
writing correlated, the ones of phonological working memory 
among themselves, as well as the rapid naming ones (Table 2).

There were not observed, in this group, correlations between 
phonological memory and reading and writing variables. On 
the other hand, phonological awareness was positively corre-
lated with the number of right answers on the pseudowords 
dictation (Table 2).

The analysis of the RG1 showed correlations that ranged 
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Table 1. Comparison of the average accuracy in assessments of reading, writing and phonological and auditory processing of RG1, RG2 and CG

 

Group p-value 

(Kruskal-

Wallis test)

Multiple comparisons of 

Tukey
ResultCG 

n=13

RG1 

n=7

RG2 

n=8

Word rate

Average 39.3 5.8 17.0 CGxRG1 (p)<0.001*

Medium 35.1 4.7 15.9 <0.001* CGxRG2 (p)<0.001* CG>RG1=RG2

SD 10.8 5.6 12.9 RG1xRG2 (p)=0.119

Pseudoword rate

Average 31.8 5.3 15.4 CGxRG1 (p)<0.001*  

Medium 28.1 4.8 16.4 <0.001* CGxRG2 (p)<0.001* CG>RG1=RG2

SD 7.0 5.0 10.9 RG1xRG2 (p)=0.056

Text rate

Average 71.5 9.9 27.8  CGxRG1 (p)<0.001*

Medium 69.9 9.2 17.8 <0.001* CGxRG2 (p)<0.001* CG>RG1=RG2

SD 18.8 8.7 26.7  RG1xRG2 (p)=0.203

Accuracy of words

Average 34.1 1.7 10.3  CGxRG1 (p)<0.001*  

Medium 31.4 0.7 4.9 <0.001* CGxRG2 (p)<0.001* CG>RG1=RG2

SD 10.1 3.4 12.7  RG1xRG2 (p)=0.226

Accuracy of pseudowords

Average 21.4 1.0 6.5  CGxRG1 (p)<0.001*  

Medium 20.6 0.0 4.5 <0.001* CGxRG2 (p)<0.001* CG>RG1=RG2

SD 6.9 2.3 7.1  RG1xRG2 (p)=0.217

Accuracy of text

Average 66.4 4.0 22.4  CGxRG1 (p)<0.001*  

Medium 66.3 1.9 10.4 <0.001* CGxRG2 (p)<0.001* CG>RG1=RG2

SD 20.7 6.0 26.8  RG1xRG2 (p)=0.210

Correct answers in word 

dictation

Average 53.8 10.3 18.9  CGxRG1 (p)<0.001*  

Medium 51.4 11.8 17.1 <0.001* CGxRG2 (p)<0.001* CG>RG1=RG2

SD 12.6 7.4 17.8  RG1xRG2 (p)=0.439

Correct answers in 

pseudowords dictation

Average 10.2 1.0 3.1  CGxRG1 (p)<0.001*  

Medium 9.0 0.0 2.0 <0.001* CGxRG2 (p)<0.001* CG>RG1=RG2

SD 3.4 1.8 3.6  RG1xRG2 (p)=0.410

Phonological awareness

Average 35.7 15.7 21.1 CGxRG1 (p)<0.001*  

Medium 35.0 17.0 21.0 <0.001* CGxRG2 (p)=0.001* CG>RG1=RG2

SD 7.1 7.8 7.5  RG1xRG2 (p)=0.350

Phonological working 

memory - low similarity

Average 9.0 5.4 7.4  CGxRG1 (p)=0.001*  

Medium 9.0 6.0 8.0 0.003* CGxRG2 (p)=0.133 CG>RG1

SD 1.0 1.9 2.6  RG1xRG2 (p)=0.114

Phonological working 

memory - medium 

similarity

Average 17.5 11.6 14.6  CGxRG1 (p)=0.002*  

Medium 18.0 13.0 15.0 0.007* CGxRG2 (p)=0.137 CG>RG1

SD 1.8 4.1 4.2  RG1xRG2 (p)=0.188

Phonological working 

memory – high similarity

Average 9.5 8.4 9.3  

Medium 10.0 9.0 9.5 0.132 ------------------- CG=RG1=RG2

SD 1.2 1.5 0.9  

Phonological working 

memory – total score

Average 36.0 25.4 31.3  CGxRG1 (p)=0.001*  

Medium 37.0 26.0 32.5 0.003* CGxRG2 (p)=0.129 CG>RG1

SD 3.0 6.0 7.2  GR1xGR2 (p)=0.101

Rapid naming objects - 

time 

Average 72.1 98.1 101.9  CGxRG1 (p)=0.100

Medium 70.0 92.0 94.0 0.006* CGxRG2 (p)=0.043* CG>RG2

SD 16.7 25.5 36.9  RG1xRG2 (p)=0.958

Rapid naming objects - 

error 

Average 4.2 5.6 7.1    

Medium 4.0 5.0 7.0 0.181 ------------------- CG=RG1=RG2

SD 4.3 3.3 5.0  
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from good to great. However, not all reading tests correlated 
among themselves nor with the writing ones. Correlations 
between different variables and phonological processing 
in reading and writing were found. Thus, rates of words, 
pseudowords or text, in the reading tasks, were positively 
correlated, as well as the accuracy in text reading and the 
rate of word and text reading. It was also found a negative 
correlation between the number of words spelled correctly, 
under dictation, and time spent in rapid naming of objects. 
But between phonological awareness and reading rate and 
accuracy in reading (single items and text) and correct spelling 
the words, the correlation was positive. Working memories 
for low and medium similarity correlated positively with the 
total score of phonological memory, as well as time and errors 
in rapid naming of objects with time spent in naming colors. 
There was also a negative correlation between the times of 
rapid naming (colors and objects) with verbal sequential 
memory (Table 3).

The RG2 showed the greatest number of correlations. The 
reading and writing variables correlated to each other, in that 
group. The phonological working memory was positively 
correlated with all the variables of reading and writing. It was 
also observed that the working memory for pseudowords of low 
and medium similarity was positively correlated with the total 
score of that test. In addition, there was a negative correlation 
between memory and rapid naming of objects (Table 4).

As for the auditory processing skills, the RG2 showed cor-
relation of verbal sequential memory with the text reading rate, 
the accuracies of reading, word dictation and rapid naming of 
objects errors (Table 4).

DISCUSSION

This research investigated the hypothesis of underlays 
shared between phonological processing of speech and literacy.

The study showed a higher average of right answers of CG 
on all reading and writing variables and phonological aware-
ness (Table 1), meaning that these values   were consistent with 
those given in literature for students without complaint(20,21,27). 
Thus, this group was adequate to constitute itself as beacon of 
correlations and comparisons made with other research groups.

The three groups showed performance in phonological 
awareness consistent with the characteristics identified in the 
assessment of reading and writing. That is, the CG showed 
better performance than the RG2 and this, despite the absence 
of statistical significance, had a better result than RG1, in 
general, confirming the relationship between the processing 
of phonological information and the conditions of writing and 
reading of the student (5,16).

On the other hand, it should be noted that RG2 showed 
similar results to CG in the evaluation of phonological working 
memory. Phonological memory tasks are particularly difficult 
for children with speech problems that persisted beyond early 
literacy, such as the students from RG1, who also showed the 
lowest average in reading and writing(2,13). These results are 
in agreement with the literature, according to which, speech 
problems interfere with the learning outcomes of the alphabetic 
principle, the more severe they are, or the more lasting is the 
persistence of phonological changes (2,8,9,17).

Considering the results described in the Simplified 
Assessment of Auditory Processing (Table 1), it can be concluded 

 

Group p-value 

(Kruskal-

Wallis test)

Multiple comparisons of 

Tukey
ResultCG 

n=13

RG1 

n=7

RG2 

n=8

Rapid naming colors - time 

Average 69.3 95.0 77.4  

Medium 64.0 87.0 74.5 0.070 ------------------- CG=RG1=RG2

SD 14.7 22.9 38.4  

Rapid naming colors – 

error 

Average 3.5 9.1 6.3    

Medium 4.0 6.0 6.0 0.123 ------------------- CG=RG1=RG2

SD 2.3 7.1 4.7

AP(C) – position

Average 0.1 0.3 0.0    

Medium 0.0 0.0 0.0 0.192 ------------------- CG=RG1=RG2

SD 0.3 0.5 0.0  

AP(C) – nonverbal memory

Average 64.1 52.4 70.8  

Medium 66.7 66.7 66.7 0.292 ------------------- CG=RG1=RG2

SD 34.6 17.8 21.4  

AP(C) - verbal sequential 

memory

Average 87.2 33.3 62.5  CGxRG1 (p)<0.001*  

Medium 100.0 33.3 66.7 <0.001* CGxRG2 (p)=0.019* CG>RG2>RG1

SD 16.9 19.2 21.4  RG1xRG2 (p)=0.007*

*Significant values (p≤0.05) – Kruskal-Wallis test
Note: CG = Control Group; RG1 = Research Group 1; RG2 = Research Group 2; SD = standard deviation; AP(C) = auditory processing (central)

Table 1. continuation
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that students with Phonological Disorder (RG1) showed worse 
performance in all comparisons between groups and admit the 
possibility that, for this reason, it is worse, too, their performance 
in reading and writing(2,8,9,17). The analysis by comparison could 
show that the three groups are somehow different and that this 
difference was mainly observed by CG responses, which were 
within the expected normality; by the replies of the research 
groups, which showed worse performance in reading, writing and 
phonological awareness and by the worst performing group of 
students with RAWD and PD (RG1) in relation to others, when 
considering the total of the tests applied in clinical assessment. 
The worst performance in phonological working memory may 
have characterized this group(3,16).

Despite the differences, the investigation of correlations of 
the three groups showed that the better the child reads, the better 
he writes (Tables 2 to 4). The CG automatically recognized and 
wrote the words that were presented, which explains the lack 
of correlation of these variables with phonological working 

memory. On the other hand, RG2 used more memory resources 
to write properly isolated items, while RG1 did not make use 
of this feature, since the lower average working memory were 
found in students with PD.

The lesser time RG1 spent in rapid naming of objects, the 
greater the number of words it wrote correctly. Although no 
studies that investigate the correlation between rapid naming 
and writing correct words in that range of education have been 
found, there is information about correlations between good 
reading performance and less time phonological accessing to 
the mental lexicon(8,9,13,17). 

In contrast to what was observed in CG, the correlations 
found in RG1 between reading tasks and dictation with pho-
nological awareness, showed that this group often used the 
phonological route to read and write. The literature indicates 
that this type of performance is observed more in the early 
years of schooling, or in presence of disorders of reading and 
writing(5,8,13).

Table 2. Correlations between the variables evaluated in CG
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Ac. Pal. ,989** ,779** ,725** 1                

Ac. Pp. ,771** ,762** ,560* ,742** 1               

Ac. Tex ,678* ,561* ,978** ,692** ,566* 1              

Dit. Pal acert 0,418 0,261 ,621* 0,463 0,439 ,698** 1             

Dit. Pp acert ,649* 0,532 ,821** ,707* 0,492 ,841** ,648* 1            

MFT-BS -0,059 -0,064 -0,26 0,02 -0,141 -0,228 0,056 0,166 1           

MFT-MS 0,295 0,174 0,159 0,304 0,133 0,113 -0,025 0,41 0,333 1          
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CF 0,535 0,351 ,829** ,558* 0,497 ,785** 0,48 ,767** -0,067 0,423 -0,262 0,182 -0,039 0,087 -0,16 -0,39 1   

PA(C) Loc. -0,116 0 -0,154 -0,154 -0,154 -0,077 0,194 -0,275 -0,324 -0,285 0,157 -0,238 0 -0,276 0,231 0,119 -0,47 1  

PA(C) MSNV 0,024 -0,015 0,447 0,082 -0,088 0,535 0,517 ,566* 0,088 -0,29 -0,4 -0,203 -0,212 -0,141 -0,162 -0,28 0,358 -0,04 1

PA(C) MSV -0,318 0,063 -0,169 -0,338 0,085 -0,042 0,233 0 0,155 -0,089 0,371 0,109 0,063 0,043 0,296 0,195 -0,17 0,228 0,113 1

*Significant values (p≤0.05) – Spearman correlation coefficient; **Significant values (p≤0.01) – Spearman correlation coefficient
Note: WR = word rate; PW = pseudoword rate; TR = text rate; AW = accuracy of words; AP = accuracy of pseudowords; AT = accuracy of text; PWM-LS = phonological 
working memory - low similarity; PWM-MS = phonological working memory - medium similarity; PWM-HS = phonological working memory - high similarity; PWM-TS 
= phonological working memory total score; RN Ob. T = time of rapid naming of objects; RN Col. T = time of rapid naming of colors; RN Obj. Er = errors of rapid nam-
ing of objects; RN Col. Er = errors of rapid naming of colors; PA = phonological awareness; AP(C) – Loc. = location of the sound source; AP(C) – NVSM = nonverbal 
sequential memory; AP(C) – VSM = verbal sequential memory
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RG1 showed no correlations of working memory for wor-
ds of low similarity. This pattern of absence of correlations 
with the tasks of encoding and decoding was similar to CG. 
However, one must remember that RG1 showed an average of 
right answers much lower than CG. Furthermore, one might 
think that while the students with good school performance 
(CG) dispensed resources of phonological memory to write 
or recognize written words, the ones of RG1 not even used it 
to the extent that their ability was not profitable.

Correlations in RG1 suggest that the presence of speech 
disorders may have influenced the low performance of this 
group in CF, which consequently produced higher number of 
errors in reading and writing. Some inconsistencies found in 
the literature(14) are probably the result of studies that evaluated 
children in the first grade, beginning literacy, with the develo-
pment of phonological awareness still in process.

Only in RG1 there were correlations between the auditory 
processing and the phonological access to the mental lexicon 

and phonological working memory. Considering that the task 
of auditory processing, which was correlated with others of 
phonological processing, has characteristics similar to the 
proof of phonological short-term memory, correlations can be 
understood by the nature of the task and the strong dependence 
of both to the organization of the phonological system.

The features of phonological working memory presented 
by RG2 were used to the correct writing of single items and 
for reading with adequate speed and precision. That is, the 
better the memory, the better the performance in reading and 
writing, despite having shown low values   of parameters of 
fluency in reading and precision in writing. These associations 
between working memory and tasks of reading and writing 
show that these students have not yet reached the lexical route 
of reading(8,12,13). 

It was observed in RG2 and the other groups that the 
working memory for pseudowords of low and medium simi-
larity was positively correlated with the total score of the test. 

Table 3. Correlations between the variables evaluated in RG1
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(C
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WR 1                   

PW .964** 1                  

TR .929** .964** 1                 

AW 0.445 0.296 0.371 1                

AP .802* 0.668 0.668 .832* 1               

AT .786* 0.75 .857* 0.519 0.668 1              

Dict. Words 0.487 0.523 0.595 0.168 0.225 .811* 1             

Dict. Pswords .896** .896** .896** 0.558 .820* 0.657 0.241 1            

PWM-LS 0.109 0.273 0.127 -0.302 -0.249 -0.091 0.312 0.03 1           

PWM-MS 0.236 0.273 0.2 0.264 0.181 0.309 0.633 0.091 0.704 1          

PWM-HS 0 0.2 0.145 -0.66 -0.318 -0.109 0.009 0.03 0.296 -0.111 1         

MST-ET 0.252 0.396 0.27 -0.168 -0.045 0.162 0.536 0.121 .908** .844* 0.385 1        

RN Obj. T -0.286 -0.321 -0.357 0.296 0.178 -0.5 -.775* 0.06 -0.291 -0.273 -0.036 -0.324 1       

RN Obj. Er -0.371 -0.445 -0.445 0.385 0.185 -0.445 -0.692 -0.062 -0.415 -0.226 -0.17 -0.393 .964** 1      

RN Cor. T -0.393 -0.429 -0.536 0.148 0.045 -0.607 -0.667 -0.179 -0.055 0.018 0.018 -0.036 .893** .889** 1     

RN Col. Er -0.179 -0.036 0 -0.074 -0.134 -0.357 -0.559 0.239 0 -0.418 0.346 -0.18 0.607 0.445 0.321 1    

PA .793* .847* .937** 0.337 0.539 .937** .800* 0.724 0.128 0.321 0.156 0.336 -0.505 -0.524 -0.631 -0.13 1   

AP(C) Loc. 0.158 0.316 0.158 -0.656 -0.394 -0.158 0.16 0 .805* 0.242 0.483 0.638 -0.474 -0.656 -0.316 0 0.08 1  

AP(C) NVSM -0.144 -0.289 -0.289 -0.3 -0.18 0 0.073 -0.483 -0.441 -0.294 -0.147 -0.364 -0.433 -0.3 -0.289 -0.72 -0.22 -0.09 1

AP(C) VSM 0.267 0.267 0.401 -0.139 0 0.668 0.742 0 -0.204 0 0.136 0 -.802(*) -0.693 -.802(*) -0.54 0.607 0 0.54 1

*Significant values (p≤0.05) - Spearman correlation coefficient; **Significant values (p≤0.01) – Spearman correlation coefficient
Note: WR = word rate; PW = pseudoword rate; TR = text rate; AW = accuracy of words; AP = accuracy of pseudowords; AT = accuracy of text; PWM-LS = phonological 
working memory - low similarity; PWM-MS = phonological working memory - medium similarity; PWM-HS = phonological working memory - high similarity; PWM-TS 
= phonological working memory total score; RN Ob. T = time of rapid naming of objects; RN Col. T = time of rapid naming of colors; RN Obj. Er = errors of rapid nam-
ing of objects; RN Col. Er = errors of rapid naming of colors; PA = phonological awareness; AP(C) – Loc. = location of the sound source; AP(C) – NVSM = nonverbal 
sequential memory; AP(C) – VSM = verbal sequential memory
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Table 4. Correlations between the variables evaluated in RG2
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WR 1                   

PW .952** 1                  

TR .976** .929** 1                 

AW .898** .850** .958** 1                

AP .874** .874** .934** .976** 1               

AT .929** .881** .976** .994** .970** 1              

Dict. Words .874** .874** .934** .976** .952** .970** 1             

Dict. Pswords .856** .932** .856** .861** .899** .856** .899** 1            

PWM-LS .819* .783* .795* .812* .739* .831* .849** .776* 1           

PWM-MS 0.695 0.635 0.671 .711* 0.614 .731* .747* 0.629 .976** 1          

PWM-HS 0.051 0.18 0 0.078 0.078 0.077 0.207 0.331 0.521 0.582 1         

MST-ET 0.619 0.571 0.595 0.647 0.551 0.667 0.695 0.575 .952** .994** 0.643 1        

RN Obj. T -0.69 -0.524 -0.643 -0.659 -0.563 -0.69 -0.587 -0.434 -.807* -.838** -0.18 -.810* 1       

RN Obj. Er -0.707 -0.551 -0.671 -0.705 -0.62 -.731* -0.633 -0.488 -.830* -.855** -0.22 -.826* .994** 1      

RN Col. T 0.311 0.491 0.287 0.133 0.205 0.204 0.241 0.283 0.152 0.06 0.013 0.06 0.072 0.096 1     

RN Col. Er 0.452 0.571 0.429 0.263 0.311 0.333 0.335 0.332 0.205 0.096 -0.18 0.071 -0.071 -0.036 .958** 1    

PA 0.659 0.539 0.623 0.687 0.663 0.683 0.59 0.604 .727* .711* 0.31 0.671 -.802* -.849** -0.349 -0.26 1   

AP(C) Loc. . . . . . . . . . . . . . . . . . .  

AP(C) NVSM 0 0 -0.096 -0.187 -0.187 -0.096 -0.187 -0.236 0.146 0.242 0.193 0.289 -0.385 -0.339 0.436 0.385 0.021 . 1

AP(C) VSM 0.674 0.591 .770* .871** .871** .866** .788* 0.59 0.612 0.567 -0.059 0.522 -0.674 -.726* 0.014 0.137 0.678 . 0.008 1

*Significant values (p≤0.05) - Spearman correlation coefficient; **Significant Values (p≤0.01) - Spearman correlation coefficient
Note: WR = word rate; PW = pseudoword rate; TR = text rate; AW = accuracy of words; AP = accuracy of pseudowords; AT = accuracy of text; PWM-LS = phonological 
working memory - low similarity; PWM-MS = phonological working memory - medium similarity; PWM-HS = phonological working memory - high similarity; PWM-TS 
= phonological working memory total score; RN Ob. T = time of rapid naming of objects; RN Col. T = time of rapid naming of colors; RN Obj. Er = errors of rapid nam-
ing of objects; RN Col. Er = errors of rapid naming of colors; PA = phonological awareness; AP(C) – Loc. = location of the sound source; AP(C) – NVSM = nonverbal 
sequential memory; AP(C) – VSM = verbal sequential memory

It should be noted that not all students with RAWD have the 
same abilities to process phonological information(8,13,16,17). In 
RG2, the CF was positively correlated with memory for pseu-
dowords of low and medium similarity. These results confirm 
other in the literature concerning the structure of phonological 
processing, consisting of phonological awareness, phonologi-
cal working memory and phonological access to the mental 
lexicon: closely related, forming the basis for learning the 
alphabetic principle(5,23).

Considering the results of the other groups, in regard to 
phonological and auditory processing, the RG2 showed inter-
mediate performance and could develop strategies that probably 
favored this result, in spite of keeping it in the phonological 
route of reading and writing. 

As for auditory processing, the RG2 showed that only 
verbal sequential memory was correlated to the rates (single 
items) and the accuracies of reading, the spelling of words and 
phonological awareness. It is likely that these correlations are 

related mainly to the language and its disorders, so they are 
most often found in RG2(28-30).

Therefore, one might think that the correlation patterns 
found were relevant to the existence of continuity between 
oral language and speaking and reading and writing. This 
relationship highlights the importance of research and eva-
luation, by the audiologist, of the underlying processes and 
skills in reading and writing events that may be, also, on 
the basis of speech and oral language. Consequently, they 
show the need to identify the functional level at which these 
deficits are present and the type of relations they have with 
each other, probably strong enough to trigger losses in school  
learning.

It is possible to make these statements to the extent that, in 
this study, the students from RG1 showed, statistically, lower 
values   in the tasks of rate and accuracy of reading, dictation, 
CF, phonological memory (words of low and medium similarity 
and total score) and verbal sequential memory.
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The sample size proved to be limited, however, to the range 
of data that could reveal more robust differences found between 
the three groups, and especially to differentiate the two groups 
with RAWD. The criteria for inclusion and exclusion of the 
sample and the low number of signed consent forms, certainly 
interfered with the sample number.

CONCLUSION

The different patterns of correlations found for each group 
can confirm the observed differences between the groups 
which presented the worst performance of the group with 
RAWD and PD, especially in tasks that required information 
of phonological organization. The correlations of CG show 
capabilities of automatic word recognition and orthographic 
writing. The correlations found in the analysis of RG2 show 
that the students with RAWD, but without PD, used phonolo-
gical processing resources, particularly with the memory, to 
read faster and more accurately and likewise write better and 
more accurately. The RG1, on the other hand, devoid of better 
phonological processing conditions, especially those of pho-
nological memory, showed the worst performance and lowest 
values   of rate and accuracy of reading and writing of correct 
words and pseudowords.

The correlation patterns, associated with lower values   of 
responses may show the influence of phonological disorders 
on the worst performance in reading and writing.
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