
ISSN 2317-1782 (Online version)

1/11Schoenel et al. CoDAS 2020;32(5):e20180255 DOI: 10.1590/2317-1782/20192018255

This article is published in Open Access under the Creative Commons Attribution license, which allows use, 
distribution, and reproduction in any medium, without restrictions, as long as the original work is correctly cited.

Study conducted at the Departamento de Fonoaudiologia, Universidade Federal de Minas Gerais - UFMG, 
Belo Horizonte (MG), Brasil. 
1 Universidade Federal de Minas Gerais, Belo Horizonte (MG), Brasil. 
2 Prefeitura Municipal de Pedro Leopoldo, Pedro Leopoldo (MG), Brasil. 
3 Prefeitura Municipal de Itabirito, Itabirito (MG), Brasil.

Conflict of interests: nothing to declare. 
Financial support: nothing to declare.

Correspondence address: 
Ariane Souza Pena Schoenel, Rua 
Mackenzie, nº 333, Bairro Jardim Canadá, 
CEP: 34007-628, Nova Lima, Minas 
Gerais - Brasil 
E-mail: arianeschoenel@gmail.com

Received: October 31, 2018.

Accepted: November 01, 2019.

Influence of phonological processing on 
poor school performance: systematic 

literature review
Influência do processamento fonológico no mau 

desempenho escolar: revisão sistemática de 
literatura

Systematic Review  
Revisão Sistemática 

Ariane Souza Pena Schoenel2 
Andrezza Gonzalez Escarce1 

Laisa Lima Araújo3 
Stela Maris Aguiar Lemos1 

ABSTRACT

Purpose: To carry out a systematic review of scientific productions that dealt with the topic of phonological 
processing in relation to the influence of poor academic performance, as well as its interference in the development 
of reading and writing. Research strategy: Articles published until August 2017 were searched in electronic 
databases. After elaborating the guiding question of the study: “What is the influence of phonological processing 
on poor school performance and its relation in the development of reading and writing?”, we collected and 
selected the reports using descriptors, gathered in a single search equation, according to three thematic axes: 
phonological processing, learning and poor school performance. Selection criteria: Original researches with an 
evaluation of at least two phonological processing skills were included. Articles that had no relationship between 
phonological processing skills and school performance were excluded. Data analysis: The titles and abstracts 
were read by two speech-language pathologists, separately. The results were compared and the divergences found 
decided by a third researcher speech therapist, also responsible for the study. The articles included were read in 
full and data extraction was performed to analyze the methodology and the main results. Results: 982 potentially 
relevant studies were selected. After using the evidence matrices, 38 scientific productions were included for 
detailed analysis. Conclusion: The study of scientific productions revealed that the alteration in phonological 
processing skills presented a relation with poor academic performance and, together with the schooling phase, 
directly influenced reading and writing skills
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RESUMO

Objetivo: Realizar revisão sistemática de produções científicas que abordaram o tema processamento fonológico 
quanto à influência no mau desempenho escolar, bem como sua interferência no desenvolvimento de leitura e 
escrita. Estratégia de pesquisa: Foram pesquisados, em bases de dados eletrônicos, artigos publicados até agosto 
de 2017. Após elaboração da pergunta norteadora do estudo: “Qual a influência do processamento fonológico 
no mau desempenho escolar e sua relação no desenvolvimento de leitura e escrita?”, foram realizados 
levantamento e seleção dos relatos utilizando descritores, reunidos em uma única equação de busca, de acordo 
com três eixos temáticos: processamento fonológico, aprendizagem e mau desempenho escolar. Critérios de 
seleção: Foram incluídas pesquisas originais com avaliação de no mínimo duas habilidades do processamento 
fonológico. Foram excluídos os artigos que não apresentavam relação entre as habilidades do processamento 
fonológico e desempenho escolar. Análise dos dados: Foi realizada a leitura dos títulos e resumos por duas 
profissionais fonoaudiólogas, separadamente. Os resultados foram comparados e as divergências encontradas, 
decididas por uma terceira pesquisadora fonoaudióloga, também responsável pelo estudo. Os artigos incluídos 
foram lidos na íntegra e realizada a extração de dados para análise da metodologia e dos principais resultados. 
Resultados: Foram selecionados 982 estudos potencialmente relevantes. Após a utilização das matrizes de 
evidência, 38 produções científicas foram incluídas para análise detalhada. Conclusão: O estudo das produções 
científicas revelou que a alteração em habilidades do processamento fonológico apresentou relação com o mau 
desempenho escolar e, associada à fase de escolarização, houve influência direta nas competências de leitura 
e escrita.
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INTRODUCTION

The high number of children with poor school performance 
has intrigued professionals who deal directly with this audience 
and motivated the investigation of factors that would be related 
to the underperforming efficiency for age and education(1).

Poor school performance may be due to factors intrinsic to 
the individual, such as cognitive disorders of neurobiological 
origin, characterizing the learning disorder, or may be related 
to extrinsic factors, without any organic involvement, such as 
pedagogical, socio-cultural and socio-affective disadvantages, 
known as school difficulties(1-2).

In this context, phonological processing appears as a topic 
of interest in previous studies(3-5), since it concerns the use of 
phonological information in the processing of oral and written 
language. It can be divided into three skills: phonological 
awareness, phonological memory and lexical access(2,3). Such 
skills are associated with learning success, as they are responsible, 
respectively, for the ability to analyze the sound structure of 
speech, information retention and quick access to representations 
of the phonological information of the language(2-5).

At the beginning of the school process, children may present 
discrepant performances in the acquisition of reading and 
writing due to the peculiarities of the phonological processing 
skills(4). Thus, variations in individual skills in the treatment 
of information can be more easily observed and analyzed in 
the initial years of literacy, since this is considered the critical 
period in the consolidation of cognitive processes(4-5). Thus, 
the assessment of phonological processing skills allows the 
identification of the difficulties presented and contributes to 
the design of prevention actions, as well as the intervention 
process(4,6-7).

Faced with this scenario, the speech-language therapist 
has relevance for being the apt communication professional, 
with the interdisciplinary team, working in the analysis of 
the correlation of phonological processing skills and school 
performance in the initial years of academic training. This 
analysis is carried out through procedures relevant to the 
process of identifying and promoting necessary activities to 
subsidize the intervention process of the factors considered 
predictive for adequate school performance(3).

It is important to emphasize that the mentioned characteristics 
can determine impairments in the cognitive-linguistic abilities 
and the learning process. Thus, it is necessary to investigate 
the relationships between phonological processing skills in the 
acquisition of reading and writing, as well as to analyze their 
influence on school performance.

PURPOSE

To carry out a systematic review of scientific productions 
that deals with the topic of phonological processing concerning 
the influence of poor academic performance, as well as its 
interference in the development of reading and writing.

RESEARCH STRATEGY

The work design was defined based on national(8) and 
international(9,10) recommendations. Initially, the guiding 
question of the study was elaborated: What is the influence 
of phonological processing on poor school performance and 
its relationship in the development of reading and writing?

After this stage, the descriptors were defined, having as 
reference the following thematic axes: phonological processing, 
learning and poor school performance. For the thematic axis 
‘phonological processing’, we chose not to include a specific 
descriptor in the search and, thus, leave it as a free term, using 
precisely this terminology, since this theme encompasses broad 
concepts and does not present itself as a descriptor in health 
science. The group of descriptors “Learning Disorders, Dyscalculia, 
Dyslexia, Developmental Dyslexia, Dysgraphia, Reading and 
Handwriting” was selected to organize the thematic axis of learning. 
And, finally, the set “Reading Development Difficulties, Reading 
Disorder, Reading Development Disorder, School Problems, 
Low School Performance and School Performance”, for the 
constitution of the thematic axis ‘poor school performance’. It 
is important to note that all of the aforementioned descriptors 
were used together in the search equations, plus the free term 
“phonological processing”, combined with the use of the Boolean 
operators AND and OR, forming the three search strategies used 
in the different databases searched.

The bibliographic survey was carried out in the electronic 
databases Medical Literature Analysis and Retrieval System 
Online (MEDLINE, USA), Virtual Health Library (VHL) 
Research Portal, including the Índice Bibliográfico Español de 
Ciencias de la Salud (IBECS), Literatura Latino–Americana e 
do Caribe em Ciências da Saúde (LILACS, Brazil) and Index 
Psicologia - Periódicos técnico-científicos, in addition to the 
Educational Resources Information Center (ERIC) portal, in 
August 2017. We chose to perform a search without delimiting 
the period. Thus, all answers to the questioning of the guiding 
question were included for analysis.

It is worth mentioning that all the descriptors used are based 
on Descritores em Ciência da Saúde (DECS) and Medical 
Subject Headings (MESH). Descriptors were searched in 
Portuguese and their correlates in English and Spanish. Besides, 
the entire elaboration process involving the thematic axes 
and the descriptors that best represented them and the search 
strategies in electronic databases was duly accompanied by a 
librarian from the institution.

SELECTION CRITERIA

The selection of studies was based on original articles 
indexed in the aforementioned databases and which met the 
following inclusion criteria: being an original research article 
and including the assessment of at least two phonological 
processing skills. Duplicate references in each database 
were excluded. Given the classification of levels of scientific 
evidence(11,12), the exclusion criteria was case report articles, 
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expert opinions, letters to the editor, abstracts in conference 
proceedings, review articles, theses and dissertations, and those 
who did not answer the guiding question of this study. Thus, 
in the end, 44 articles were selected that passed through the 
second evidence matrix. Of these, 34 analytical observational 
studies, three pre-experimental studies(13) and one experimental 
study were included.

DATA ANALYSIS

The analysis of the articles was carried out in three stages. 
In the first stage, characterizing the initial evidence matrix, 
the titles and abstracts were read as follows: two independent 
evaluators read titles and abstracts regarding the established 
inclusion criteria and deliberated according to three answers: 
yes, no and maybe. When the article received only “yes” 
answers, or a “yes” or “maybe” answer from the two reviewers, 
the publication was included. When there were “no” answers 
by both evaluators, the article was excluded. All results of 
the two evaluators were compared and, in cases where there 
was disagreement regarding the inclusion or exclusion of the 
article, a consensus meeting was held with a third researcher 
who read and evaluated the title and the abstract. It is worth 
mentioning that all the reviewers of the article were speech-
language therapists to ensure conceptual alignment regarding 
the subject studied.

In the second stage, after the consensus meeting, the 
articles were read in full in search of the answer to the 
guiding question for final selection, consisting of the second 
evidence matrix. In the third stage, a detailed analysis of the 
selected articles was carried out. The analysis protocol was 
carried out regarding the recommendations of the STROBE 
initiative(14) and structured in a database in the Microsoft 
Office – Excel® software, which included the details of the 
study identification data, introduction, methodology, main 
results, discussion and conclusions.

RESULTS

Results in electronic databases

As an initial result of the search, 982 references were identified 
in the three databases searched, with 486 articles published on 
the PubMed portal, 90 articles on the VHL portal and 406 on the 
ERIC database. Of these studies, 409 were excluded because they 
were replicated, indexed simultaneously in different databases, 
or because they had a lower level of scientific evidence.

In the initial evidence matrix, carried out individually by two 
researchers and defined by a third after the consensus meeting, 
25 articles from the PubMed portal, 15 articles from the VHL 
portal and four articles from the ERIC database were included. 
In the second evidence matrix, after reading the full text, six 
articles were excluded, including a case report, an integrative 
literature review, a thesis, two studies that evaluated only one 
phonological processing skill and a reference that did not answer 
the guiding question, remaining 38 scientific productions for 
detailed analysis, considered essential for this study.

Of the articles that make up this study, nine are national 
publications, 28 are international and one publication carried 
out jointly by five countries, including Brazil. The flowchart 
shown in figure 1 demonstrates the process of selecting studies 
for this review.
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Figure 1: Flowchart of the study selection process

 
Analysis of selected studies

Among the 38 articles selected for detailed analysis, it was 
observed that the objectives were similar to the guiding question 
of this study, that is, to verify the influence of phonological 
processing skills, considered to be predictors of the success of 
reading and writing acquisition and its relationship with the 
poor school performance. However, the subject in question was 
approached considering different parameters in a wide range of 
countries, with very peculiar linguistic configurations.

Reinforcing the validity of the selected studies, the use of 
at least one standardized instrument in all analyzed articles is 
emphasized. To evaluate the phonological processing skills, 
the testing procedures applied were diverse, highlighting the 
greater use of the instruments: Elision and Blending subtests of 
the Preschool Comprehensive Test the Phonological and Print 
Processing (PCTOPPP) and Rapid Automatized Naming - RAN. 
The same occurred for the analysis of school performance and 
cognitive intelligence level of the samples studied using the 
School Achievement Test (Teste do Desempenho Escolar - TDE; 
Stein, 1994) and Wechsler Intelligence Scale for children-WISC 
III, respectively.

As for the design of the articles, it was found that a 
large part (13 studies) had a cross-sectional observational 
design(4,15-26) and that the majority (21 studies) consisted of 
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prospective and retrospective studies(27-47). In addition to 
these, three were considered pre-experimental(48-50), addressing 
intervention programs. The highest level of scientific evidence 
was found in an article in a randomized clinical trial(51) 
conducted in Canada.

The description of the results of the selected studies is 
presented in Table 1, in decreasing chronological order of 
publication, including the main characteristics of the articles 
analyzed in the present review, such as authors, design, the axis 
of phonological processing and observed results.

Table 1. Results description of the selected studies

Author Year Location Design Age 
(years)

Phonological 
processing axis

Results

Gutiérrez 
et al.

2017 Spain Longitudinal
Pre-experimental

5 to 6 Phonological 
awareness/ 

Phonological 
working memory

Concerning the writing learning processes, the 
data indicated that, although there is no difference 
in the acquisition of alphabetical knowledge, the 
intervention program contributed significantly to the 
improvement of phonological processing skills.

Choi et al. 2017 USA Transversal 4 to 19 Phonological 
awareness/ 

Phonological 
working memory/ 

Lexical access

The sample with changes in all phonological 
processing skills had a greater impact on reading, 
writing and oral language skills when compared 
to the sample with changes in phonological 
awareness only.

lot et al. 2016 Netherlands Case-control 7 to 10 Phonological 
awareness/ 

Phonological 
working memory/ 

Lexical access

Changes in phonological processing skills were 
associated with learning disorders in mathematics 
and reading and spelling.

Loucas 
et al.

2016 United 
Kingdom

Case-control 5 to 17 Phonological 
awareness/ 

Phonological 
working memory

The specific language impairment associated 
with the alteration of reading decoding would be 
related to the deficiency in the active maintenance 
of phonological representations for phonological 
processing.

Hakvoort 
et al.

2016 Netherlands Case-control 12 Phonological 
Awareness / 

Lexical Access

There was an association between the ability of 
phonological awareness and family risk for dyslexia 
but without robust evidence of direct interference 
from phonology to reading. Changes in categorical 
speech perception at the behavioral level would not 
be directly associated with dyslexia. 

Barbosa 
et al.

2015 Brazil Case-control 8 to 14 Phonological 
awareness / 
Phonological 

working memory

There was a predominance of changes in 
phonological processing skills in the group 
with dyslexia, not compatible with delayed 
development, but with atypical development, 
consequently affecting the development of reading 
and writing, even in older children.  

Groot et 
al.

2015 Netherlands Case-control 8 to 13 Phonological 
awareness / 

lexical access

The ADHD-only and comorbid groups showed a 
negative performance in phonological processing 
skills even greater when compared to the group 
composed of participants with only reading 
difficulties.  

Moyeda 
et al.

2015 Mexico Longitudinal Pre-
experimental

6 to 7 Phonological 
awareness / 
Phonological 

working memory 
/ Lexical access

The study pointed out significant differences in 
phonological processing skills before and after the 
intervention program.

Kibby et 
al.

2014 United 
States

Transversal 8 to 12 Phonological 
awareness / 
Phonological 

working memory 
/ Lexical access

Phonological processing was a major contributor 
to reading ability, regardless of the aspect of 
reading assessed. There was a strong association 
of phonological awareness as the best single 
predictor of each reading skill assessed. 

Batnini 
et al.

2014 Tunisia Transversal 7 to 9 Phonological 
working memory 
/ Lexical access

Phonological memory and lexical access were 
good predictors of reading ability in Arabic, 
whereas these skills, in themselves, were exclusive 
predictors of the orthographic ability in Arabic in 
children of the third grade of Tunisia. 
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Moura et 
al.

2014 Portugal Case-control 7 to 12 Phonological 
awareness / 
Phonological 

working memory 
/ Lexical access

They revealed that phonological awareness was the 
most important predictor of all measures of reading 
accuracy while naming speed was particularly 
related to fluency in text reading. 

McArthur 
et al.

2013 Australia Case-control 7 to 12 Phonological 
awareness / 
Phonological 

working memory 
/ Lexical access

The group with specific reading impairment 
associated with specific language impairment 
showed changes in all phonological processing 
skills. The group with specific reading disabilities 
had adequate phonological working memory. The 
group with specific language disorders did not 
show changes in phonological processing skills.

Zamo et 
al.

2013 Brazil Case-control 7 to 12 Phonological 
awareness / 
Phonological 

working memory

The performance in the neuropsychological 
assessment of children with reading difficulties 
was statistically inferior in tasks that assessed 
orientation, working memory (phonological and 
central executive components), phonological 
awareness, reading and writing, visoconstructive 
skills, arithmetic skills and executive functions 
regardless of age factors, the result of nonverbal 
intelligence quotient (IQ) and symptoms of 
inattention and hyperactivity. 

Park et al. 2013 USA Transversal 6 to 15 Phonological 
awareness / 

Lexical access

The groups differed only in the task of visual 
matching of processing speed. The group of older 
children showed significantly slower performance 
of phonological processing skills compared to the 
younger group. 

Pinheiro 
et al.

2012 Brazil Longitudinal Pre-
experimental

7 Phonological 
awareness / 
Phonological 

working memory 
/ Lexical access

After the intervention process, significant progress 
was observed in the development of phonological 
working memory and in phonological awareness 
tasks. On the other hand, there was no evolution of 
children in lexical access tasks. 

Vandewalle 
et al.

2012 Belgium Case-control 6 to 8 Phonological 
awareness / 
Phonological 

working memory 
/ Lexical access

Children with specific language impairment and 
typical literacy, even over time, continued to 
have difficulties in complex tasks of phonological 
awareness and phonological working memory. 
Children with specific language impairment, 
changes in phonological awareness and rapid 
naming in kindergarten were at high risk of 
developing literacy problems in transparent 
spelling. 

Tenório 
et al.

2012 Brazil Transversal 5 to 8 Phonological 
awareness / 
Phonological 

working memory 
/ Lexical access

The more advanced students showed better 
performance in writing, reading, arithmetic and 
phonological awareness. Conversely, lexical 
access and phonological memory performances 
did not differentiate school years. There were 
positive correlations between school performance 
and phonological processing in both school years. 

Anthony 
et al.

2011 USA Case-control 3.6 to 
5.6

Phonological 
awareness / 

Lexical access

Children with phonological processing disorders 
related to the representation presented difficulties 
in phonological awareness and reading that 
were also demonstrated by children with speech 
disorder. 

Zeguers 
et a.

2011 Netherlands Case-control 7 to 11 Phonological 
working memory 
/ Lexical access

There was a positive correlation between the 
difficulty in visual and auditory recognition of words 
and changes in phonological processing skills. 

Table 1: Continuation...

Author Year Location Design Age 
(years)

Phonological 
processing axis

Results
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Tanaka 
et al.

2011 USA Case-control 7 to 16 Phonological 
awareness / 

Lexical access

The dyslexic group with high intelligence quotient 
(IQ) exhibited similar patterns of reduced activation 
in brain areas, such as left and occipitotemporal 
parietotemporal regions. These results converged 
with behavioral evidence that indicated that, 
regardless of the intelligence quotient (IQ), reading 
difficulties would be related to phonological 
processing skills. 

Perez et 
al.

2011 Belgiium Cohort 6 to 7 Phonological 
awareness / 
Phonological 

working memory 
/ Lexical access

It was found that phonological awareness and 
phonological working memory functioned as 
independent predictors of reading skills, even after 
controlling the initial knowledge of letters. On the 
other hand, there was no association between the 
RAN task, the speed of access to the phonological 
form of words and the ability to read later.

Frijters 
et al.

2011 Canada Randomized 
Clinical Trial

6.6 to 
8.6

Phonological 
awareness / 
Phonological 

working memory 
/ Lexical access

Phonological, cognitive and visual memory had 
predictive value in explaining the response to 
the intervention among children with reading 
difficulties. These effects were demonstrated 
regardless of the contributions of multiple 
intervention components, phonological awareness 
and rapid naming skills.

Justi et al. 2011 Brazil Transversal 8 to 10 Phonological 
awareness / 

lexical access

There was a robust and independent contribution 
of phonological awareness and rapid serial naming 
for reading and writing accuracy and fluency.

Araújo el 
al.

2010 Portugal Case-control 9 Phonological 
awareness / 

lexical access

There were significant differences between 
groups in all tasks. Students with dyslexia 
performed below the control group in all assessed 
phonological tasks.

Wayland 
et al.

2010 USA Case-control 8 to 11 Phonological 
awareness / 
Phonological 

working memory 
/ Lexical access

There was a strong association between naming 
and word reading skills among experienced 
readers, but this association was not found in less 
qualified readers.

Mousinho 
et al.

2010 Brazil Cohort 7 to 9 Phonological 
awareness / 
Phonological 

working memory 
/ Lexical access

There was an association between phonological 
processing skills and reading comprehension, and 
these skills were fundamental for the success of 
understanding texts read at the beginning of the 
literacy process.

Diuk et al. 2009 Argentina Cohort 6 to 7 Phonological 
awareness / 
Phonological 

working memory 
/ Lexical access

The students with good phonological awareness 
development showed learning as expected, 
regardless of social class. However, the 
development of these skills was lower in students 
in situations of greater social vulnerability.

Gallego 
et al.

2009 Spain Case-control 7 to 12 Phonological 
awareness / 
Phonological 

working memory 
/ Lexical access 

The reading impaired group had worse 
performance in all examined phonological tasks.

Barbosa 
et al.

2009 Brazil Case-control 7 to 8 Phonological 
awareness / 
Phonological 

working memory

The group with impaired literacy showed worse 
performance in all phonological processing skills 
and aspects of language when compared to the 
group with typical literacy.

Smedt et 
al.

2009 Canada Transversal 9 to 11 Phonological 
awareness / 
Phonological 

working memory

The quality of children’s long-term phonological 
representations measured individual differences 
in single-digit arithmetic, suggesting that more 
distinct long-term phonological representations are 
related to more efficient arithmetic recovery.

Table 1: Continuation...

Author Year Location Design Age 
(years)

Phonological 
processing axis

Results
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Smythe 
et al.

2009 United 
States

Transversal 7 to 8 Phonological 
awareness / 
Phonological 

working memory 
/ Lexical access

The relationship between phonological processes 
and acquisition of literacy was inconsistent in all 
languages analyzed in the study with different 
spellings.

Mota et 
al.

2008 Brazil Transversal 7 to 8 Phonological 
awareness / 
Phonological 

working memory

The better the children’s processing of the 
morphological aspects of the language, the better 
their performance in writing. The contribution of 
morphological processing could be independent 
of the influence of phonological processing in the 
acquisition of reading and writing.

Billard et 
al.

2008 France Case-control 7 to 8 Phonological 
awareness / 
Phonological 

working memory 
/ Lexical access

Reading difficulties were particularly common in 
disadvantaged socio-cultural environments. The 
most relevant factors in reading scores were the 
best-developed skills of phonological awareness 
and rapid naming.

Christo 
et al.

2008 USA Transversal 2 to 5 Phonological 
working memory 
/ Lexical access  

The rapid naming was configured as the strongest 
predictor of word reading, reading comprehension 
and spelling when compared to phonological 
memory.

Anthony 
et al.

2007 USA Prospective 3.6 to 
5.6

Phonological 
awareness / 
Phonological 

working memory 
/ Lexical access

When all phonological processing skills and general 
cognitive ability were compared, phonological 
awareness was the best predictor of decoding 
skills in older preschool children. The phonological 
awareness of young children would be involved in 
the acquisition of English literacy.

Savage 
et al.

2005 United 
Kingdom

Transversal 10 Phonological 
awareness / 

Lexical access

The fluency of reading text would be specifically 
related to the rapid automatized naming of digits, 
while phonological measures would be more 
related to reading accuracy and comprehension, 
even in a reading task that required the 
simultaneous integration of accuracy, rate and 
comprehension components.

Capovilla 
et al.

2004 Brazil Transversal 5 to 9 Phonological 
awareness / 

Lexical access

There was a significant association between the 
development of reading/writing and phonological 
processing.

Compton 
et al.

2001 United 
States

Transversal 8 to 18 Phonological 
awareness / 

Lexical access

Rapid automatized naming and phonological 
awareness had an additive effect on the written 
language skills of children with reading difficulties, 
the first of which affected performance on reading 
tasks that required an accelerated/fluent response 
as changes in phonological awareness affected 
performance in reading tasks that emphasized the 
phonological processing ability.

Table 1: Continuation...

Author Year Location Design Age 
(years)

Phonological 
processing axis

Results

Based on the assumption on the scientific evidence scale(11,12) 
mentioned above, a randomized clinical trial(51) investigated the 
contribution of eight predictors of specific neurocognitive processes 
to assess the degree of response to intervention among children in 
early school years with reading difficulties. For that, two models 
were used, one of intervention and phonological processing that 
included the intervention group, phonological awareness and 
rapid naming, considered the basis; and the other cognitive-
additive neuropsychological that included measures of memory, 
visual processes and cognitive or intellectual functioning. It was 
observed that, in addition to the substantial explanatory power of 
the base model, the additive model improved the classification of 
poor and good respondents in reading tasks. Thus, it was found 

that cognitive skills and neuropsychological variables can predict 
the degree of reading development considering interventions, 
phonological awareness and rapid naming. 

A national study(50) and two international studies(48-49) that 
analyzed the effect of intervention programs focusing on 
phonological processing and stimulation of oral language in 
reading and writing learning indicated an impact on the different 
variables involved in word writing. It is important to highlight 
that there was a similarity in the age range of the participants, 
between 5 and 7 years old, demonstrating the relevance of the 
common findings between the three studies. After the intervention 
process, significant progress was observed in the development 
of phonological processing tasks.
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In three international productions(28,33,35) analyzed, the 
associations between phonological processing in children with 
specific language impairment were investigated, by comparing 
groups of children with and without difficulties in decoding or 
delaying the literacy process. One of them was performed in 
the United Kingdom(28) and another in Australia(33), both with 
a case-control observational design, the results suggested that 
the specific language impairment associated with the reading 
decoding alteration could be related to the deficiency in the active 
maintenance of phonological representations for phonological 
processing, which is not present in those without reading 
decoding changes and which leads to a reading of decoding 
difficulties. The other study, carried out in Belgium(35), had a 
longitudinal design and observed that children with specific 
language impairment and normal literacy continued to present 
difficulties, even over time, in tasks that required phonological 
awareness and short-term verbal memory. The results also pointed 
out that children with specific language disorders and changes 
in phonological awareness and rapid naming, in early childhood 
education, were at high risk of developing literacy problems 
in a transparent spelling. Comparatively, a Brazilian study(45) 

aimed to identify changes in the phonological working memory, 
phonological awareness and language skills of children with 
impaired reading. As in the other studies cited, it was observed 
that the group with impaired literacy showed lower performance 
concerning normal literacy in the tested phonological processing 
skills and language aspects, suggesting that these inadequacies 
are the result of changes in phonological representations and 
precarious language skills before the literacy period. This same 
association was found in two other studies, both with a case-
control design, one carried out in the United States(41) and the 
other in Spain(44), in which groups with altered reading showed 
lower performance in all phonological tasks examined. 

It is relevant to highlight the expressive number of studies 
selected for this review with dyslexic children. In one of them, 
carried out in the Netherlands(29), it was assessed whether a 
change in categorical speech perception would be associated 
with dyslexia or family risk of dyslexia, exploring a possible 
cascade relationship from speech perception to phonology for 
reading and identifying whether speech perception distinguished 
children at family risk with dyslexia from those without dyslexia. 
It was observed that, although the categorical speech perception 
as a phonological skill is related to dyslexia, there was no strong 
evidence of direct interference of phonology in reading. Thus, 
changes in categorical speech perception at the behavioral level 
would not be directly associated with dyslexia. Other three 
studies, one national(30) and two with Portuguese children(32,40), 
all in the age group between 7 and 14 years old, verified the 
presence of specific changes in the phonological processing of 
children and adolescents with dyslexia and its association with 
the fluency of reading and reading accuracy, further investigating 
the diagnostic accuracy of phonological processing measures 
to correctly discriminate between typical readers and dyslexic 
children. There were significant differences between groups, 
in which all tasks with dyslexic subjects performed less than 
that of the control group. Also, there was a predominance of 
changes in phonological processing skills in the group with 

dyslexia, not compatible with delayed development, but with 
atypical development, consequently affecting the development 
of reading and writing, even in older children and revealing that 
phonological awareness was the most important predictor of all 
reading accuracy measures. The naming speed was particularly 
related to the fluency of reading text. Reinforcing this hypothesis, 
another international study(18), carried out in the United States, 
presented a comparison of the degree of performance in two 
cognitive skills, phonological awareness and processing speed, 
in two groups of different age groups of dyslexic children, to 
evaluate processing speed and phonological awareness with 
their performance in component reading skills and determine 
which of these two cognitive constructs served as stronger 
simultaneous predictors of separate component reading skills. 
As in the Brazilian study(30) and the two Europeans(32,40), it was 
observed that younger children showed greater losses in processing 
speed tasks when compared to phonological awareness tasks. 

Since the nature of the word recognition difficulties in 
developmental dyslexia is still a controversial topic, an international 
article(37) carried out in the Netherlands investigated the contribution 
of phonological processing changes and the uncertainty to the 
speech recognition difficulties of dyslexic children and which 
parameters of the diffusion model would be affected in this 
sample, analyzing the data at two different times, within the 
same research: a study involving only the visual lexical decision 
and another relating it to the auditory lexical decision. The first 
study showed that the poor visual lexical decision performance 
of children with impaired reading was mainly due to a delay 
in the evaluation of word characteristics, suggesting problems 
of phonological processing. The second study replicated the 
results for the visual lexical decision with formally diagnosed 
dyslexic children and observed that, during the auditory lexical 
decision, the dyslexics presented reduced precision, which also 
resulted from the late evaluation of the word characteristics. As 
the orthographic influences were reduced during the auditory 
lexical decision, this strengthened the hypothesis of alteration 
in phonological processing. Thus, the results indicated that the 
difficulties in visual and auditory recognition of words can be 
found in alterations in the processes in which the characteristics 
of the words are evaluated, supporting the assumption that a 
phonological alteration is the main cause of dyslexic reading 
disabilities, as well as speech perception.

Two other studies, one Brazilian(34) and another Dutch(31) 
evaluated the contributing and discriminatory values of reading 
difficulties and attention-deficit/hyperactivity disorder (ADHD) 
for phonological processing skills, using the instrument Child 
Brief Neuropsychological Assessment NEUPSILIN-INF and 
standardized tests, respectively. Besides, the second study(31) 

investigated whether the presence of comorbidity should be 
considered an addictive phenomenon regarding performance in 
tasks related to phonological processing. In the comparison with 
control groups, it was verified, in the national study(34), that the 
performance in the neuropsychological evaluation of children 
with reading difficulties was statistically inferior in tasks that 
evaluated orientation, working memory (phonological and central 
executive components), phonological awareness, reading and 
writing, visoconstructive skills, arithmetic skills and executive 



Schoenel et al. CoDAS 2020;32(5):e20180255 DOI: 10.1590/2317-1782/20192018255 9/11

functions independent of age factors, the result of nonverbal 
intelligence quotient (IQ) and symptoms of inattention and 
hyperactivity, partially suggesting the hypothesis of alteration 
in phonological processing. In the Dutch study(31), although the 
results indicated inferior performances for all groups compared 
in the phonological processing measures, the performance in 
these tasks was considerably higher for the groups with reading 
difficulties, in comparison with the ADHD-only group and the 
comorbid group, suggesting that processes not directly related 
to reading represent a negative influence, regardless of the 
performance of phonological processing tasks.

Another highlight was a case and control study carried 
out in the United States (38), focused on the activation and 
effective connectivity of brain regions during the execution of 
phonological processing tasks, through the use of functional 
magnetic resonance. For this purpose, a group of children with 
typical reading was compared with two groups of children with 
low reading skills, with high or decreased intelligence quotient 
(IQ) scores. In this study, it was observed that the two groups of 
children with reading disabilities exhibited similar patterns of 
reduced activation in brain areas, such as left and occipitotemporal 
parietotemporal regions. These results converge with behavioral 
evidence that indicates that, regardless of IQ, poor readers have 
similar reading difficulties concerning phonological processing. 

Two international studies(20,27) specifically addressed the 
relationship between phonological processing and difficulties 
in learning mathematics to verify the contribution of different 
cognitive skills to mathematics and good literacy results. The 
cross-sectional and observational case-control designs, respectively, 
indicated that, due to changes in mathematics learning and 
reading and spelling, they can be considered two separate but 
correlated skills, justifying the high rate of comorbidities. 

Assessment tools and early identification based on phonological 
predictors at the word level were the subjects of an international 
study(21) that aimed to develop a universal instrument to be 
used with speakers of different languages at the same stage of 
formal education. To this end, the research aimed to identify the 
predictors of literacy in five languages, using similar procedures 
adapted in the testing of children. The data pointed out that the 
decoding measures and phonological processing skills were 
good predictors of reading and spelling of words among Arab 
and English-speaking children, but were less able to predict 
variability in these same initial literacy skills between Chinese 
and Hungarian children. Also, they were better at predicting 
variability in reading in Portuguese when compared to spelling, 
demonstrating that the relationship between phonological 
processes and acquisition of literacy would be inconsistent in all 
languages with different spellings. Phonological awareness may 
be a common factor in all languages, but its ability to predict 
literacy levels seemed to vary with spelling. Therefore, the level 
of transparency of the spelling of the language can determine, 
to some extent, the relationships between basic literacy skills 
and measured phonological processing, establishing a better 
grapheme-phoneme association in less opaque languages.

Regarding the scenario, most of the studies included in the 
review were carried out in a school setting(4,15,17,19-21,25,27,32,38-50) 
and, to a lesser extent, in clinics(16,18,23-24,28-30,33,35-37,51) and one of 
them, in an outpatient clinic of a higher education institution(31). 
Besides, there is a greater number with large samples studied 
and a substantial increase in the number of publications since 
2009, reaching 80% of the scientific productions analyzed in this 
review. Of these, more than a third corresponds to the final five 
years, showing an increasing concern with the development of 
research related to the subject under study. Such findings allow 
us to reflect that the strategies used for the selection of articles 
were adequate and consistent with the search results found.

CONCLUSION

This systematic review exposed that, in children and 
adolescents, phonological processing was associated with 
fluency in reading, spelling, reading comprehension and 
mathematical skills, acting as an essential factor for learning 
regardless of social level, although the development of these 
skills is minor in children less favored socially. Regarding school 
performance, the review indicated that children with impaired 
literacy have lower performance in most of the phonological 
processing skills when compared to children with adequate 
literacy, with this picture being aggravated in schoolchildren 
with comorbidities. Therefore, the selected scientific studies 
point to the relevance of lexical development, phonological 
working memory and phonological awareness that, with the 
schooling phase, directly influence reading and writing skills.
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