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The development of articulatory awareness and the 

relationship between perception and production of the 

articulatory gesture

O desenvolvimento da consciência fonoarticulatória 

e a relação entre a percepção e a produção do gesto 

fonoarticulatório

ABSTRACT 

Purpose: To investigate the articulatory awareness of children with normal phonological development accor-

ding to the variables gender, age and schooling, as well as to analyze their performances in speech perception 

and production tasks. Methods: Participants were 90 Preschool and Elementary School students, with ages 

between 5 and 7 years, who were evaluated using the Articulatory Awareness Investigation Instrument (AAII). 

The test is subdivided into three articulatory gesture perception tasks (T1, T3 and T4) and two articulatory 

gesture production tasks (T2 and T5). Results: Girls showed better performances in T1, T2, T3, total score, 

and articulatory awareness perception tasks. Seven-year-old subjects presented better performances in T1, 

T4, T5, total score, articulatory awareness perception and production tasks, when compared to 5-year-olds. 

Seven-year-old children presented better performances than 6-year-olds in T4. Six-year-old subjects showed 

better performances than 5-year-olds in T5, total score, and articulatory awareness production tasks. Elemen-

tary school students presented better performances than Preschool children in T1, T3, T4, T5, total score, and 

articulatory awareness perception and production tasks. There was correlation between articulatory awareness 

perception and production tasks, evidencing that the better the performance on perception tasks, the better the 

performance on the production tasks. Conclusion: Articulatory awareness improves with age and schooling. 

Female subjects show better performances than male subjects. The better the performance on articulatory 

awareness perception tasks, the better the performance on articulatory awareness production tasks.

RESUMO

Objetivos: Investigar a consciência fonoarticulatória de crianças com desenvolvimento fonológico normal de 

acordo com gênero, idade e escolaridade e analisar os desempenhos em tarefas de percepção e produção da 

fala. Métodos: Noventa crianças da Educação Infantil e primeira série do Ensino Fundamental, com idades 

entre 5 e 7 anos, foram avaliadas por meio do Instrumento de Investigação da Consciência Fonoarticulatória 

(ICFA). O instrumento é subdividido em três tarefas de percepção (T1, T3 e T4) e duas de produção do gesto 

fonoarticulatório (T2 e T5). Resultados: Meninas apresentaram melhor desempenho em T1, T2, T3, escore 

total e tarefas de percepção da consciência fonoarticulatória. Crianças de 7 anos apresentaram desempenho 

superior em T1, T4, T5, escore total do teste, tarefas de percepção e produção da consciência fonoarticulatória 

quando comparadas às crianças de 5 anos. Crianças de 7 anos apresentaram melhor desempenho do que as de 

6 anos em T4. Crianças de 6 anos apresentaram desempenho superior em relação às de 5 anos em T5, escore 

total e tarefas de produção da consciência fonoarticulatória. Escolares de ensino fundamental apresentam de-

sempenho superior ao de escolares de educação infantil em T1, T3, T4, T5, escore total, tarefas de percepção e 

produção da consciência fonoarticulatória. Houve diferença na correlação entre tarefas de percepção e produção 

do gesto fonoarticulatório, evidenciando que quanto melhor for o desempenho nas tarefas de percepção, me-

lhor será o desempenho nas tarefas de produção. Conclusão: A consciência fonoarticulatória aprimora-se de 

acordo com idade e escolaridade. Crianças do gênero feminino apresentam melhor desempenho do que as do 

gênero masculino. Quanto melhor o desempenho nas tarefas de percepção, melhor o desempenho nas tarefas 

de produção da consciência fonoarticulatória.
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INTRODUCTION

Speech perception is a bimodal phenomenon, in which both 
information modalities, auditory and visual, are integrated and 
unified as one single stimulus. The visual and auditory inputs 
can influence one another, and the status that allows better 
speech intelligibility is the audiovisual status(1). 

The act of observing mouth movements profoundly in-
fluences speech perception. The McGurk-MacDonald effect 
is a demonstration of this influence: when audiovisual stimuli 
are presented to the subjects, they relate having listened to a 
sound that is neither what they saw nor what they heard, but a 
fusion of both visual and auditory modalities(2).	

Paying attention to the speaker’s mouth promotes a motor 
planning that will be used by the listener when he reproduces 
the observed movement(3). Audiovisual perception of speech 
activates a network of motor areas of the nervous system, inclu-
ding the cerebellum and cortical motor areas that are involved 
in planning and executing speech production, as well as areas 
that assist in proprioception(3).

A model of audiovisual speech perception suggests that 
multisensory representations of speech, derived from sound 
patterns or from observed facial movements, can be interpreted 
as multisensory hypotheses – but not as a final interpretation 
– over the sounds produced by the speaker. These hypotheses, 
which are extracted from sensory information, are mapped in 
the motor commands used in speech production. Such motor 
commands are associated to hypotheses based on past speech 
production experiences(3,4).

Speech motor perception theories defend the concept that 
this perception occurs through articulatory gesture by the 
speaker. The gestures are represented in the brain as invariable 
motor commands that program the movements of the speech 
articulators. Theories of motor perception of speech suggest that 
articulatory gestures are not only exclusive events for speech 
production, but also important for perception(5).

Articulatory gestures are movements produced in speech 
around a target on vocal tract. These movements have a time 
interval that allows them to slide over each other and superpose 
them partially or completelly(6).

Considering the bimodal phenomenon of speech perception, 
articulatory awareness is defined as the ability of perceiving 
that sound change according to where the articulators get in 
contact, being considered a sub-ability of phonological aware-
ness(7). Phonological awareness is the ability that allows human 
beings to think and act about speech sounds(8-16). It is divides in 
different levels: of work, of syllabe, of intrasyllabic units and 
of phoneme(12,13,17-19).

The ability to reflect on the phoneme as abstract repre-
sentation of language is known as phonemic awareness. The 
articulatory awareness is the ability to reflect on speech sounds, 
that are concrete, articulatory entities(7).

Articulatory awareness is the part of phonological aware-
ness that allows to reflect on the articulatory characteristics of 
phonemes, contributing to consolidate the phonemic knowled-
ge(20). Children lean on articulatory clues as an initial strategy 
to target syllabes into smaller unities, i.e. phonemes(21). 

A study performed with 90 children aged between 5 and 
10 years old, whose aim was to relate articulatory awareness 
and written language, found that articulatory awareness is an 
ability that improves according to age and schooling. Results 
also showed that female children performance is higher than 
male children performance, and there is a relation between 
articulatory awareness and written language acquisition. The 
authors found that articulatory awareness is an ability that facili-
tates the process of learning the alphabetic system of writing(22).

It is believed that articulatory awareness has a vital im-
portance in the process of acquiring and developing speech 
sounds(7). Therefore it is a widely used resource in speech 
therapy practice. 

This study pursued to investigate the development of articu-
latory awareness abilities in children with normal phonological 
development, according to gender, age and educational status, 
as well as to analize their performance in articulatory awareness 
perception and production tasks. Such investigation will bring 
benefits for phonology, clinical phonology and writing language 
acquisition, as well as for educational area. 

METHODS

This study was approved by the Research Ethics Committee 
from Universidade Federal de Santa Maria (UFSM), numbered 
0103/2007. Four institutions were contacted to obtain the Insti-
tutional Consent (two public schools, one philanthropic school 
and one speech therapy service center). The adults responsible 
for the participating children signed the Statement of Consent. 

Participants

Ninety children with normal phonological development 
and aged between five and seven years old participated of 
this study. Fifty-seven of them (63,33%) are female and 33 
(36,67%) are male. All the participants were at preschool or 
first grade of elementary school, either at a public school or at 
a philanthropic school. 

All children were submited to a speech screening (hearing, 
articulatory organs, speech and language). To be a part of the 
group studied, the children must present a good performance 
at the speech screening, not show obvious changes in the neu-
rological, cognitive, psychological and/or emotional aspects, 
and not be or have been in speech therapy. 

Instruments e proceedings

It was used the Instrument of Investigation of Articulatory 
Awareness (IIAA) to collect data in this study(23), which is 
being prepared to be published. This instrument was created 
from the need of a more complete test, that would consider 
different tasks organized sequentially, at sound segment and 
word levels, to evaluate children’s ability to reflect on the 
movements that articulators (lips, tongue, teeth and palate) 
make for sound production(23). IIAA intends to investigate the 
abilities in articulatory awareness using real mouth photos that 
reproduce the articulatory gesture of the most visible sounds 
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in Brazilian Portuguese language, namely: [p], [b] and [m]; [f] 
and [v]; [l]; [s] and [z]; [S] and [Z]; [k] and [g].

In each one of the tasks, two examples are presented so the 
examiner can be sure that the subject understood the activity. 
The IIAA used for this study consists in five tasks: three of 
identification (identification of articulatory image from the 
sound – T1; identification of articulatory image from the 
word – T3; and identification of word from the articulatory 
gesture – T4) and two of production (production of sound from 
the articulatory image – T2; and production of word from the 
articulatory gesture – T5), total a 20 points score. 

The first task (T1), the child is supposed to relate the sound 
of a certain phoneme to the corresponding articulatory gesture 
in the photo. For example, hearing the sound of the phoneme /v/, 
the subject is supposed to select, among six photos of different 
mouths, the one that corresponds to the sound heard. 

To perform task two (T2), the examiner presents a photo 
of a mouth reproducing one articulatory gesture, and the child 
is supposed to produce the corresponding sound. The third 
task (T3) consists in identifying the articulatory gesture that 
corresponds to the initial sound of a certain word, presented 
orally by the examiner. The child is supposed to name, for 
example, “car”, and identify, among six mouth photos, the one 
that corresponds to the first sound of the evoked word. 

The fourth task (T4), the subject is asked to identify, among 
four words presented in images, the one corresponding to the 
articulatory gesture in question. For the last task (T5), the child 
should, from a photo, evoke a word whose first sound corres-
ponds to the presented mouth image. For example, by seeing 
the mouth image corresponding to the sounds [p, b, m], the 
child is supposed to say words pato, bala e massa.

Data analysis

The sample profile was done by using descriptive statistics 
of continuous variables with mean values​​, standard deviation, 
minimum and maximum, median and quartiles. Comparisons 
of categorical variables between groups were made using Chi-
square and Fisher’s Exact test, due to the presence of expected 

values lower than five in the tables. To compare the numeric 
variables between two groups, the Mann-Whitney test was 
made. The Kruskal-Wallis test was used to compare numeric 
variables between three or more groups, due to the absence of 
normal distribution. 

The comparison of the scores of the five tasks of the eva-
luation instrument used in this study was performed using the 
Friedman test, followed by multiple comparisons using the 
Wilcoxon test for related samples. To examine the relationship 
between the scores of the tasks, a Spearman Correlation  
Coefficient was performed, due to lack of normal distribution. 

The significance level adopted for statistical tests was 5%, 
i.e. p≤0.05. 

RESULTS

Concerning the results of the relation between articulatory 
awareness and gender, a difference to the variables was found: 
accuracy in identification tasks (T1 and T3), production tasks 
(T2), articulatory gesture perception tasks and total test score, 
and the best performance was obtained by female subjects 
(Table 1). 

Regarding the performance in articulatory awareness by 
age, difference was found for the following variables: accu-
racy in identification tasks (T1 and T4), production tasks (T5) 
articulatory gesture perception tasks, articulatory gesture pro-
duction tasks and total test score. These results show that the 
test performance is enhanced in accordance with the advancing 
age of the children. 

Differences were observed in sound identification tasks 
(T1) and articulatory gesture perception tasks in children aged 
between 5 and 7 years old. Between children aged from 5 to 7 
years old and from 6 to 7 years old, difference was found only 
in word identification tasks (T4). Word production from image 
tasks (T5), articulatory gesture production tasks and total test 
score showed difference between children aged from 5 to 6 
years old and from 5 to 7 years old (Table 2). 

Based on the results of the relation between articulatory 
awareness and educational status, difference was observed 

Table 1. Comparison of performances in articulatory awareness between genders

Variable
Female Male

p-value
n Mean SD Median n Mean SD Median

T1 57 3.02 1.27 4.00 33 2.24 1.37 2.00 0.008*

T2 57 2.98 1.04 3.00 33 2.55 1.06 3.00 0.045*

T3 57 2.35 1.17 2.00 33 1.61 1.27 2.00 0.007*

T4 57 2.51 1.50 3.00 33 2.24 1.64 2.00 0.484

T5 57 2.23 1.38 2.00 33 2.06 1.34 2.00 0.544

Total 57 13.09 4.68 13.00 33 10.70 5.17 10.00 0.028*

T1+T3+T4 57 7.88 3.10 8.00 33 6.09 3.60 6.00 0.023*

T2+T5 57 5.21 2.02 5.00 33 4.61 2.05 4.00 0.188

* Significant values (p≤0.05) – Mann-Whitney test
Note: SD = standard deviation; T1 = task 1 – identification of articulatory image from the sound; T2 = task 2 – production of sound from the articulatory image; T3 = 
task 3 – identification of articulatory image from the word; T4 = task 4 – identification of word from the articulatory gesture; T5 = task 5 – production of word from the 
articulatory gesture. 
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between grades for scores of identification tasks (T1, T3 and 
T4) and production tasks (T5), articulatory gesture perception, 
articulatory gesture production and total test score. This shows 
superior performance of students in first grade elementary scho-
ol when compared to the Early Childhood Education (Table 3). 

On the correlation between the scores of articulatory gesture 
perception and production tasks, the total sample and accor-
ding to gender, age and grade, there was a difference between 
the scores of subtotals, both in the overall sample and in the 
comparison regarding gender, age and education. 

A correlation was found between articulatory gesture 
perception and production tasks, ie the higher the score on 
articulatory gesture perception tasks, the higher the score on 
articulatory gesture production tasks (Table 4). 

DISCUSSION

The results of this study show that female children have 
higher performance on articulatory awareness when compared 
to males, confirming the findings of a pilot study on articulatory 
awareness(22). Research involving phonological awareness also 

found higher performance of girls compared to the boys(24-26).
Girls seem to have better ability to analyze words into smal-

ler units than boys(25,26). A study based on magnetic resonance 
imaging found that the female brain is better able to isolate 
the sounds of words and act upon each of them compared to 
male brain(27).

Some studies in phonological awareness disagree with 
the results for the articulatory awareness found in this work. 
However, these studies showed no difference between children 
male and female with regard to the levels of phonological awa-
reness(16,28). Despite the broad reference on the subject, were not 
found, so far, studies in which the performance of male subjects 
was higher than in female subjects in metaphonological skills.

The findings on the relationship between articulatory aware-
ness and age confirm the findings of a pilot study that evidences 
that this ability is enhanced according to the age advancement 
of the subjects(22). Overall, the results obtained confirm the 
findings that metaphonological skills are enhanced according 
with advancing age(18,29).

Another study also found that performance on phonologi-
cal awareness increases with advancing age. Children 7 and 

Table 2. Comparison of performances in articulatory awareness between ages

Variable 5 years old 6 years old 7 years old p-value

n Mean SD Median n Mean SD Median n Mean SD Median

T1 15 1.87 1.60 2.00 44 2.75 1.30 3.00 31 3.13 1.15 4.00 0.025*

T2 15 2.67 1.11 3.00 44 2.77 1.10 3.00 31 2.97 1.02 3.00 0.641

T3 15 1.60 1.18 2.00 44 2.00 1.26 2.00 31 2.42 1.23 2.00 0.139

T4 15 1.33 1.11 1.00 44 2.20 1.62 2.00 31 3.23 1.20 4.00 <0.001*

T5 15 0.87 1.19 0.00 44 2.18 1.26 2.00 31 2.77 1.15 3.00 <0.001*

Total 15 8.33 4.45 10.00 44 11.91 4.87 12.00 31 14.52 4.12 16.00 <0.001*

T1+T3+T4 15 4.80 3.00 6.00 44 6.95 3.41 7.00 31 8.77 2.75 9.00 <0.001*

T2+T5 15 3.53 1.85 4.00 44 4.95 2.06 5.00 31 5.74 1.75 6.00 0.004*

* Significant values (p≤0.05) – Kruskal-Wallis test
Note: SD = standard deviation; T1 = task 1 – identification of articulatory image from the sound; T2 = task 2 – production of sound from the articulatory image; T3 = 
task 3 – identification of articulatory image from the word; T4 = task 4 – identification of word from the articulatory gesture; T5 = task 5 – production of word from the 
articulatory gesture

Table 3. Comparison of performances in articulatory awareness between school grades

Variable
Preschool 1st year of Elementary School

p-value
n Mean SD Median n Mean SD Median

T1 35 2.17 1.44 2.00 55 3.09 1.17 4.00 0.002*

T2 35 2.69 1.05 3.00 55 2.91 1.08 3.00 0.273

T3 35 1.54 1.17 2.00 55 2.42 1.20 2.00 0.002*

T4 35 1.66 1.47 1.00 55 2.89 1.41 4.00 <0.001*

T5 35 1.43 1.22 1.00 55 2.64 1.24 3.00 <0.001*

Total 35 9.49 4.55 9.00 55 13.95 4.46 15.00 <0.001*

T1+T3+T4 35 5.37 3.17 5.00 55 8.40 2.99 9.00 <0.001*

T2+T5 35 4.11 1.88 4.00 55 5.55 1.96 6.00 0.002*

* Significant values (p≤0.05) – Mann-Whitney test
Note: SD = standard deviation; T1 = task 1 – identification of articulatory image from the sound; T2 = task 2 – production of sound from the articulatory image; T3 = 
task 3 – identification of articulatory image from the word; T4 = task 4 – identification of word from the articulatory gesture; T5 = task 5 – production of word from the 
articulatory gesture
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8 years old had higher scores than those 4, 5 and 6 years old. 
The author infers that this is due to the fact that older children 
have already been literate (10).

Similar results were obtained by a research(30) that pointed 
that the development of phonological awareness is influenced 
by age and education. However, education was more influential. 
For the authors, the instruction of reading seems to be essential 
for the development of phonological awareness(30). 

Children of early childhood education have lower perfor-
mance on articulatory awareness, possibly because they are 
not mature to handle tasks as abstract. The greatest degree of 
dispersion and self-centeredness (subjective thought, centered 
on their own experiences) are characteristic of preschool chil-
dren, which may explain the inferior results(29). The inferior 
performance of preschool children can be attributed to the fact 
that they are not formally educated and pay more attention to 
the meaning of words than to their sound(28). The linguistic 
awareness, which allows children to be attentive to the sound 
information of words, separating them exclusively from their 
semantic value is a slow psycholinguistic process that sponta-
neously develops and thrives on schooling(10).

This study reinforces the fact that the better the children’s 
performance in perception tasks, the better the performance 
in production tasks. These findings corroborate a study(1) that 
evidences that certain brain areas activated during speech 
production are also activated during audiovisual speech per-
ception. The activation of cortical areas occurs primarily when 
the mouth movements are observed by the listener, suggesting 
the use of a shared system for audiovisual speech perception 
and production (1).

This study sought to correlate data from visual perception 
and speech production. However, further studies are needed, 
particularly with brain imaging to look for further evidence that 
perception and production can be interconnected in the skills 
of articulatory awareness. 

CONCLUSION

Analysis of data suggests that the articulatory awareness is 
enhanced according with advancing age and schooling. Female 
children show a better performance in articulatory awareness 
when compared to males. There is also evidence that the better 
the performance in articulatory awareness perception tasks, the 
better the performance in articulatory awareness production. 
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