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ABSTRACT

Purpose: To investigate if children with phonological disorder present different acoustic characteristics of voiceless and voiced 

plosives from children with typical phonological development. Methods: Participants were 11 children with typical phonological 

development and five children with phonological disorder and difficulty to establish the distinctive feature [+voice] of plosives. 

Through words ([‘papa], [‘baba], [‘tata], [‘dada], [‘kaka] and [‘gaga]) inserted into carrier phrases, we measured voice onset time, 

vowel length, burst amplitude, and occlusion length of each plosive. The acoustic parameters of voiceless and voiced plosives were 

compared between and within groups through statistical analysis. Results: The subjects within typical phonological development 

presented significant results mainly in distinguishing the parameters voice onset time, vowel length, and occlusion of voiceless and 

voiced stops, which was different from what was observed for children with phonological disorder. The comparison between groups 

showed differences related to the production of voice onset time and the occlusion length of voiced plosives. Regarding the other 

analyzed parameters, the values were similar between groups, with no statistical differences. Conclusion: The marking of the voi-

cing contrast of the group with phonological disorder is different from the group with typical phonological development, especially 

regarding the voice onset time and the occlusion length of the voiced segments.

Keywords: Speech acoustics; Child; Speech disorders; Sound spectrography; Speech; Child language

INTRODUCTION

During the process of phonological acquisition, the child 
must learn how to deal with countless auditory, articulatory 
and acoustic clues, in order to acquire the contrasts between 
different linguistic units, phonological rules, syllabic structu-

res, phonotactic constraints, stress of the word, among other 
aspects that are part of the target language(1).

Some studies point to the presence of a system with basic 
structures at the beginning of the phonological development, 
and from that limited representation, the child gradually 
starts to improve his phonology(2,3). While the acquisition of 
the sounds system did not reach all the set out standards in 
the language, speakers use some repair strategies, in order 
to adjust their difficulties in speech production(4). However, 
those strategies are eliminated with age progression, and the 
consequent maturation and sophistication of the linguistic 
background and of the phono-articulatory organs.

On the other hand, children who use deviant repair strate-
gies and/or are over the age group of acquisition of a specific 
segment or syllabic structure are commonly found at Speech-
-Language Pathology practices(4,5). Those strategies present a 
stagnation in the course of phonological development, cha-
racterized by the lack of domain of some segments, features 
and/or syllabic constituents, which are part of the phonological 
disorder condition (PD)(6).

The plosive consonants, the class of sounds that is investi-
gated in this study, are typically acquired in the phonological 
system before the third year of life; more specifically, /p/, /b/, 
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/t/ and /d/ are acquired around the first and a half year of life, 
/k/ around one year and seven months, and, finally, /g/ around 
one year and eight months(4,7,8). 

One of the repair strategies adopted during the attempt of 
production of these phonemes is the non-stabilization of the 
marked value of the feature [voice] for voiced phonemes(2). 
Some studies mention that the difficulty in relation to the es-
tablishment of the feature [+voice] of plosive phones is highly 
prevalent in the PD(9-11). Undoubtedly, homonym productions 
of two words with different meanings by using the devoicing 
strategy, such as in /kalo/ and /galo/, produced respectively 
as [‘kalu] and [‘kalu], reflect in a depletion in the subject’s 
speech intelligibility.

Besides impairing the speech intelligibility and the 
listener’s perception, the stabilization of the feature [+voice] in 
children with PD who are enrolled in phonological therapy is a 
mission of difficult overcoming(12). The voicing contrast of the 
plosive sounds involves an articulatory and acoustic refinement 
of the gestures that are produced in the oral cavity and also in 
larynx, requiring a complex temporal-spatial organization of 
the movements from phono-articulatory organs(13).

By establishing a relation with the presence or the absence 
of a subjacent knowledge of the voicing contrast to the develop-
ment of the therapy in children with PD, some authors indicate 
that the detection of a productive knowledge with the help of 
acoustic analysis seems to be a facilitator factor of the rapid 
generalization of the phonological standards(14).

During the production of plosive segments, two important 
articulatory moments are observed. The first is the air flow obs-
truction generated by the phono-articulatory organs with the 
increase of the intra-oral pressure, which causes, in a second 
moment, the sudden liberation of that occlusion. According to 
the acoustic point of view, in the first moment, the spectrogram 
shows the production of a silence, followed by a brief transient 
noise known as burst(9).

For the voicing contrast of plosive phones, some acoustic 
parameters were researched in order to associate its influence in 
the differentiation among the segments [+voice]. Some of them 
are: the voice onset time (VOT)(9,10,15-17), the length of the vowel 
adjacent to the plosive consonant(10,17,18), the burst amplitude(9,15), 
and the length of the occlusion that precedes the burst(18,19).

Even with the high frequency of devoicing in children 
with PD, especially Brazilian Portuguese (BP) speakers, 
there is a lack of studies about this issue. Investigations that 
involve the analysis of acoustic parameters that are responsible 
for the contrast of plosive phones [+voice], in the speech of 
children with and without speech alteration, intend not only 
to provide theoretical subsidies in relation to the production 
of plosive sounds of PB, but also in a clinic perspective, offer 
a comprehension and the applicability of those acoustic clues 
during all the therapeutic process. Then, it will be possible to 
propitiate, for therapist and patient, an objective and reliable 
return of the characteristics of the speech production of the 
individual.

This study basically aimed to investigate if children with 
PD present distinct characteristics regarding voiceless and 
voiced plosive phones, when compared to children within 
typical phonological development (TPD).

METHODS

This study was approved by the Research Ethics Commit-
tee of the Universidade Federal de Santa Maria (UFSM/RS), 
under process number 23081.008886/2009-29. The study was 
conducted at a school clinic linked to UFSM, and also to two 
public schools located in the same city.

At the school clinic, individuals with PD were selected 
from the screening results of subjects queued at the Speech 
Sector of the Service. Then, their parents or legal guardians 
were contacted by telephone and invited to participate in the 
research. At the schools, a meeting was set with parents or 
guardians of all the enrolled students that met the age group 
of this study. When it was not possible to set a meeting, the 
consent term, containing general information (identification 
of the responsible researcher, sponsoring institution, etc.), 
justification, objectives, procedures, possible discomforts, risks 
and benefits of the study, was sent to the parents through the 
students themselves.

Thirty seven children with TPD and 17 children with PD 
were evaluated. However, only 16 children met the inclusion 
criteria and accepted to participate in this research. Then, they 
were divided into two groups:
- 	 Group of children with typical phonological development 

(GTPD): composed of 11 children, six male and five fe-
male, aged between 5 and 8 years (mean=7 years and 5 
months; SD=9.9 months), and;

- 	 Group of children with phonological disorder (GPD): 
composed by five children, all male, aged between 5 and 
7 years (mean=7 years; SD=11.8 months). All children of 
the GPD presented difficulty in the production of voiced 
plosive phones, besides other repair strategies regarding 
other segments of the BP. Below we presented the percen-
tages of production of plosive phones considering each 
individual of the group, based on the auditory-perceptive 
analysis carried out through the Children Phonological 
Assessment (CPA)(20) (Chart 1).
The following inclusion criteria were considered for the 

GTPD: to present complete phonetic and phonological inven-
tories; to be aged between 4 and 8 years and 11 months; not to 
have previously received any type of auditory and phonological 
therapy; to be a native speaker of BP (dialect of Rio Grande do 
Sul, Brazil); and not to present history of bilingualism. It was 
adopted as exclusion criteria the presence of vocal, auditory 
or language alterations, evident deficits in neurological, cog-
nitive, psychological and/or emotional aspects, as well as the 
presence of alterations in the stomatognathic system, which 
could interfere in the phonological system. 

With the exception of the first inclusion criterion that was 
adopted to compose the GTPD, the other inclusion criteria 
were also considered for the GPD. Children from the latest 
group should also present a diagnosis of PD, with difficulty in 
the production of the feature [+voice] of plosive phonemes. All 
voiced plosive consonants should present up to 39% of correct 
production, indicating the non-acquisition of the segment, with 
voiceless percentage greater than or equal to 40%. All [-voice] 
plosives should be found in the acquired phonological system. 
This criterion was used based on another study(21). According 
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to the proposal of this research, a phoneme is considered not 
acquired when its occurrence of correct production is equal 
to or less than 39%, partly acquired when the occurrence is 
between 40% and 79%, and acquired when its occurrence is 
from 80% to 100%.

For the sample selection, for both groups, it was carried out 
an initial interview and a phonological and auditory screening 
which was composed by:
- 	 Initial interview, conducted with parents and/or guardians: 

consisted of identification questions, including place 
and date of birth, history of house (if he/she had lived in 
another city or state), language (if he/she used to speak 
another language), previous treatment (if he/she had had 
speech therapy), and health history (pathophysiological 
background).

- 	 Stomatognathic system evaluation: observation of the 
appearance, posture, muscle tension, and mobility of the 
articulators (tongue, lips, cheeks, soft palate, hard palate, 
and teeth) and functions (breathing, sucking, chewing and 
swallowing).

- 	 Language, speech and voice evaluations: they were 
performed based on a logical sequence of four events 
(figures). The child was asked to organize the pictures in 
sequence and tell a story. Through speech and spontaneous 
naming, it was observed the aspects of receptive and oral 
expressive language, possible phonetic, phonological and 
vocal quality alterations. Furthermore, for individuals in 
the GPD, the CPA was applied in order to obtain a more 
complete description of their phonetic and phonological 
systems. This evaluation was divided into five themed 
drawings that allowed obtaining a balanced speech sam-
ple by spontaneous naming, containing all the contrastive 
phonemes of BP, at all syllabic positions. In addition to the 
CPA figures, the circus figure was also used, as proposed 
in other study(22).

- 	 Hearing screening: air-conduction hearing thresholds were 
surveyed in the frequency range from 500 Hz to 4 kHz, 
tested at 20 dB HL (scan mode). It was used the Intera-
coustics® AS208 Screening Audiometer, calibrated and 
respecting the care of the ambient noise.

During the course of the evaluations, when the alterations 
were detected, parents and/or guardians, as well as the school, 
were informed about the need for further evaluations and/or 
examinations. It was also made referrals to other professionals, 
as needed for each case.

For the collection of data that were submitted to acoustic 
analysis, it was created a list of words with the same linguistic 
context (disyllable and paroxitone), whereby the six plosive 
phonemes of BP were compared ([‘papa], [‘baba], [‘tata], 
[‘dada], [‘kaka] and [‘gaga]). These words were inserted into 
a carrier phrase (“Speak _____ again”). Each plosive segment 
had two sets of three replicates arranged in a random sequen-
ce, a total of 36 sentences for each individual, and a total of 
576 productions (two registers x three replicates x six plosive 
x 16 children = 576 productions). The carrier phrases were 
presented through headphones Sennheiser® HD280 PRO, and 
individuals were instructed to repeat the entire phrase in the 
habitual vocal quality. For recording the data, it was used a 
soundproof booth, an omnidirectional microphone (Behrin-
ger® EMC8000) placed on a pedestal at approximately 4 cm 
from the mouth of the individual, and an external sound card 
(M-AUDIO®, model FW 410) connected to a laptop compu-
ter (Windows XP SP3). Registers were made directly in the 
MATLAB V7.1 SP3 (Simulink Signal Processing Toolbox 
V6.4) in wave file and high resolution (24 bits and 96 kHz).

Then, speech registers were analyzed in the audio proces-
sing software Praat – version 5.1.29 (available at www.praat.
org), with sample rate of 96 kHz and 16 bits.

With the spectroscopy, it was possible to measure the VOT 
values, the vowel length, the burst amplitude, and the occlusion 
length. For extraction of the VOT in initial and medial onset, 
the burst and the initial vocal folds vibration were located. 
The VOT values (in milliseconds – ms) were taken from the 
spectrogram as it follows:
- 	 for the voiceless plosive phones, it was collected the mea-

sure of the length of the segment between the burst of the 
plosive segment and the first regular pulse of the vowel [a] 
of the same syllable;

- 	 for the voiced plosive phones, it was collected the measu-
re of the segment between the pre-voicing of the plosive 

Chart 1. Characterization of the group of children with phonological disorder (PD) according to the percentage of production of plosive phones

Plosive Individual 1 Individual 2 Individual 3 Individual 4 Individual 5

/p/ /p/ → [p] 100% /p/ → [p] 100% /p/ → [p] 100% /p/ → [p] 100% /p/ → [p] 100%

/b/
/b/ → [b] 20%

/b/ → [p] 80%

/b/ → [b] 11%

/b/ → [p] 99%

/b/ → [b] 0%

/b/ → [p] 100%

/b/ → [b] 20%

/b/ → [p] 80%

/b/ → [b] 24%

/b/ → [p] 76%

/t/ /t/ → [t] 100% /t/ → [t] 100% /t/ → [t] 100% /t/ → [t] 100% /t/ → [t] 100%

/d/

/d/ → [d] 28%

/d/ → [t] 55%

/d/ → [∅ 17%

/d/ → [d] 23%

/d/ → [t] 77%

/d/ → [d] 17%

/d/ → [t] 83%

/d/ → [d] 0%

/d/ → [t] 100%

/d/ → [d] 36%

/d/ → [t] 64%

/k/ /k/ → [k] 100% /k/ → [k] 100% /k/ → [k] 100%
/k/ → [k] 96%

/k/ → [t] 4%
/k/ → [k] 100%

/g/

/g/ → [g] 22%

/g/ → [k] 67%

/g/ → [p] 11%

/g/ → [g] 0%

/g/ → [k] 100%

/g/ → [g] 7%

/g/ → [k] 83%

/g/ → [g] 0%

/g/ → [k] 100%

/g/ → [g] 15%

/g/ → [k] 85%

Note: ∅ = omission of the segment
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segment and the register of burst. However, the VOT of 
plosive sounds in which the pre-voicing was considered 
absent were measured as the voiceless plosives.
To measure the length of the vowel (in ms) presented in 

the target word in initial and medial onset, it was adopted the 
criterion of first and last regular cycle adjacent to the plosive 
consonant to determine the limits of the vowel.

The burst amplitude (in decibel – dB) in medial and initial 
onset was extracted from the central measure of the burst total 
length. In the presence of multiple bursts, the same procedure 
was performed for each burst, and then an arithmetic mean of 
the values was conducted.

The length of occlusion (in ms) in medial onset was me-
asured from the end of the vowel of the stressed syllable (the 
vowel of the last regular cycle) until the beginning of the burst 
of the next plosive segment. Where the vowel was followed by 
a portion with spectral characteristics of noise (breathy vowel), 
this one was also considered within the range of occlusion.

It is noteworthy that the words that had omission or inac-
curate production of some of the analyzed parameters were 
excluded from the sample before being statistically analyzed. 
At the same time, in each individual it was calculated the 
mean of the acoustic parameter values in all replicates of each 
target word.

All acoustic parameters of the voiceless and voiced plosive 
sounds were measured and tabulated individually by each indi-
vidual and for each group separately. The acoustic parameters 
of these phones were compared statistically in each group using 
the Wilcoxon test. Thereafter, the acoustic parameters were 
statistically compared between groups (GTPD and GPD) by 
using the Mann-Whitney test. The significance level adopted 
was 5% (p<0.05).

These tests were chosen due to the absence of normal 
distribution and sample size. The Wilcoxon test is used for 
the analysis of related samples and the Mann-Whitney test for 
two independent groups. Non-parametric tests assign points to 
the measure of variables, so that the values of median, mean, 
standard deviation, variation and coefficient of variation were 
used to illustrate all the information for each group.

RESULTS

When the acoustic parameters (VOT, vowel length, burst 
amplitude, and occlusion length) of voiceless and voiced 
plosive sounds were compared in initial and medial onset in 
each of the analyzed groups, it was observed that the GTPD 
used clues of most acoustic tasks in a distinct way, according 
to the plosive phone [+voice] or [-voice], marking, this way, 
the voicing contrast. However, the same was not verified in 
the GPD results (Tables 1 and 2).

The comparisons of acoustic parameters between the two 
groups, for each phone and also for the two syllabic positions 
(initial and medial onset), it was evident that the VOT and the 
occlusion length of the voiced plosive segments were the only 
distinct registers between GTPD and GPD. These acoustic 
clues seem to represent the difficulty of children with PD in 
this study to establish the production of plosive sounds [+voice] 
(Tables 3 and 4).

DISCUSSION

According to the presented results, it was confirmed that 
children with TPD, in the age group that was investigated 
in this study, demonstrate that they have a domain about the 
contrast of the feature [±voice], once many differences were 
found between the acoustic clues of voiced and voiceless 
plosive sounds, marking the characterization of the voicing 
contrast of these segments, except for the last investigated 
register, the burst amplitude (Table 1). Other studies also re-
port specific linguistic, acoustic and articulatory knowledge 
of phonological patterns of language by children with typical 
development, either by comparing the VOT(10,13,23-25), the length 
of the vowel(10,23) or other acoustic clues(14,19,24,26).

From the GTPD data, it was observed that the VOT is a 
determining register in the establishment of voicing contrast. 
The results agree with another study that presented that the 
length of VOT showed higher values for the voiced segments, 
which mostly showed a pre-voicing anterior to the burst, dis-
tinguishing it from the voiceless ones(10).

The length of the vowel that is adjacent to the plosive 
consonant also showed to be a distinct acoustic parameter 
between voiceless and voiced plosive sounds. When preceded 
or followed by a voiced segment, the vowel tends to be longer 
than when in the context of voiceless plosive sounds, which 
coincides with other studies(9,10,17,18).

In relation to burst amplitude, few significant results were 
found. However, from the median and mean values (Table 1), 
it is possible to observe that the voiced plosive sounds were 
slightly more intense in the release of the occlusion than the 
voiceless ones, unlike the findings of other studies(18,19).

Also in the GTPD, the length of occlusion of the articula-
tors for the production of plosive consonants in medial onset 
was higher in voiceless plosive sounds, corroborating the 
findings of other studies(18,19).

On the other hand, in relation to the results for the GPD, 
unlike what was observed for the GTPD, children with pho-
nological alterations and difficulty in stabilizing the feature 
[+voice], no significant difference was observed in the sound 
differentiation through the investigated acoustic clues (Table 
2). It was evident, then, the difficulty of these children in ma-
nipulating some acoustic characteristics that are involved in 
the production of voiced phonemes. Other authors mention(15) 
that this difficulty may be related to physiological immaturity 
or these elements are not equally perceptible.

By comparing the acoustic registers of children with TPD 
and PD, it was noticed that the greatest obstacle to adequate 
production of voiced plosive segments in children with TPD 
seems to be related to the production of VOT and length of 
occlusion of the segments [+voice] (Tables 3 and 4). This is 
justified once these parameters showed to be differentiated 
from GTPD, with statistical significance. The values ​​of VOT 
and length of occlusion of voiceless segments, length of the 
vowel and burst amplitude, these registers are similar between 
the two groups, with no difference between them.

The production of pre-voicing, i.e., the production of 
negative VOT was the most difficult problem of TPD to be 
observed in this study. To produce a suitable VOT, and thus 
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Table 1. Comparison the acoustic parameters of voiced and voiceless plosives, in initial and medial onset, in the group of children with typical 
phonological development (GTPD)

Parameter
Position of the 

word
Plosive/context Median Mean (SD) Variance CV (%) p-value

VOT 

(ms)

IO

[p] 18.89 18.9 (5.0) 25.0 26.5
0.001*

[b] -96.16 -95.9 (26.5) 702.2 -27.6

[t] 22.18 22.0 (4.9) 24.0 22.2
0.001*

[d] -105.90 -108.3 (35.8) 1281.6 -33.1

[k] 43.02 46.5 (13.5) 182.2 29.0
0.001*

[g] -70.15 -76.5 (52.7) 2777.3 -68.9

MO

[p] 21.06 20.9 (4.9) 24.1 23.4
0.001*

[b] -73.50 -70.2 (18.2) 331.2 -25.9

[t] 28.54 26.4 (5.1) 26.0 19.3
0.001*

[d] -72.37 -63.8 (26.8) 718.2 -42.0

[k] 43.34 44.1 (9.1) 82.8 20.6
0.001*

[g] -53.69 -49.4 (24.2) 585.6 -48.9

Vowel 

length 

(ms)

IOP

[p] 141.07 141.9 (19.6) 384.16 13.8
0.001*

[b] 173.54 174.6 (21.7) 470.9 12.4

[t] 130.54 148.7 (38.3) 1466.9 25.8
0.001*

[d] 188.81 190.4 (31.8) 1011.2 21.4

[k] 158.20 148.4 (25.8) 665.6 17.4
0.001*

[g] 204.93 200.2 (33.8) 1142.4 16.9

MO

[p] 93.39 97.2 (22.3) 497.3 22.9
0.320

[b] 106.63 101.5 (18.6) 345.9 18.3

[t] 90.81 90.6 (19.8) 392.0 21.8
0.019*

[d] 105.23 103.6 (18.6) 345.9 17.9

[k] 85.93 83.2 (16.1) 259.2 19.4
0.032*

[g] 99.72 98.2 (26.1) 681.2 26.6

Burst 

amplitude 

(dB)

IO

[p] 63.37 62.9 (10.1) 102.1 16.1
0.123

[b] 65.49 64.3 (10.1) 102.1 15.7

[t] 61.47 59.7 (10.6) 112.4 17.8
0.005*

[d] 63.60 62.0 (9.4) 88.4 15.2

[k] 57.40 57.6 (8.5) 72.2 14.8
0.520

[g] 59.41 58.0 (9.2) 84.6 15.9

MO

[p] 61.69 62.2 (9.3) 86.5 14.9
0.175

[b] 63.69 63.8 (9.9) 98.0 15.5

[t] 57.36 58.1 (9.7) 94.1 16.7
0.175

[d] 62.08 59.5 (9.2) 84.6 15.5

[k] 55.23 56.3 (8.9) 79.2 15.8
0.206

[g] 58.35 57.2 (9.3) 86.5 16.3

Occlusion 

length 

(ms)

MO

[p] 127.54 128.9 (15.4) 237.2 11.9
0.001*

[b] 85.37 85.0 (8.0) 64.0 9.4

[t] 125.84 125.1 (25.6) 655.4 20.5
0.001*

[d] 89.86 86.3 (15.8) 249.6 18.3

[k] 117.10 115.4 (21.4) 457.9 18.5
0.001*

[g] 69.68 71.4 (11.4) 129.9 15.9

* Significant values (p<0.05) – Wilcoxon test
Note: SD = standard deviation; CV = coefficient of variation; VOT = voice onset time; IO = initial onset; MO = medial onset
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Table 2. Comparison the acoustic parameters of voiced and voiceless plosives, in initial and medial onset, in the group of children with phono-
logical disorder (GPD)

Parameter
Position of the 

word
Plosive/context Median Mean (SD) Variance CV (%) p-value

VOT 

(ms)

IO

[p] 14.86 14.4 (3.2) 10.2 22.2
0.813

[b] 15.50 4.9 (28.2) 795.2 575.5

[t] 19.60 19.1 (4.8) 23.0 25.1
0.438

[d] 20.18 1.2 (43.0) 1849.0 3583.3

[k] 48.56 49.3 (17.2) 295.8 34.9
0.438

[g] 35.01 27.2 (29.3) 858.5 107.7

MO

[p] 16.80 16.1 (3.7) 13.7 22.9
0.313

[b] 13.23 -4.0 (31.4) 985.9 -785.0

[t] 21.58 21.5 (3.8) 14.4 17.7
0.813

[d] 20.02 7.8 (31.9) 1017.6 408.9

[k] 40.94 43.9 (18.8) 353.4 42.8
0.438

[g] 30.51 29.7 (20.3) 412.1 68.4

Vowel 

length 

(ms)

IO

[p] 174.03 169.9 (42.4) 1797.8 24.9
0.813

[b] 170.52 181.5 (46.2) 2134.4 25.5

[t] 190.46 189.6 (54.8) 3003.0 28.9
0.313

[d] 198.36 200.7 (40.6) 1648.4 20.2

[k] 183.53 168.3 (37.4) 1398.8 22.2
0.125

[g] 176.73 182.3 (41.9) 1755.6 22.9

MO

[p] 87.06 103.0 (43.8) 1918.4 42.5
0.625

[b] 99.10 109.6 (53.9) 2905.2 49.2

[t] 78.91 107.7 (52.7) 2777.3 48.9
0.999

[d] 101.86 99.7 (28.8) 829.4 28.9

[k] 92.58 89.3 (36.1) 1303.2 40.4
0.313

[g] 88.15 95.0 (41.9) 1755.6 44.1

Burst 

amplitude 

(dB)

IO

[p] 61.71 62.5 (6.1) 37.2 9.8
0.125

[b] 60.51 60.9 (6.8) 46.2 11.2

[t] 60.22 58.9 (10.8) 116.6 18.3
0.625

[d] 57.81 58.3 (7.5) 56.2 12.9

[k] 53.92 56.9 (7.2) 51.8 12.7
0.125

[g] 51.94 54.9 (5.5) 30.2 10.0

MO

[p] 66.05 63.1 (6.1) 37.2 9.7
0.625

[b] 62.38 62.2 (6.7) 44.9 10.8

[t] 58.04 56.8 (9.5) 90.2 16.7
0.999

[d] 57.26 57.4 (7.6) 57.8 13.2

[k] 53.50 56.6 (6.5) 42.2 11.5
0.813

[g] 54.40 55.8 (7.3) 53.2 13.1

Occlusion 

length 

(ms)

MO

[p] 136.84 147.1 (42.4) 1797.8 28.8
0.063

[b] 121.84 123.0 (44.0) 1936.0 35.8

[t] 137.93 142.2 (54.6) 2981.2 38.4
0.625

[d] 113.93 134.0 (53.5) 2862.2 39.9

[k] 126.00 147.3 (53.6) 2872.9 36.4
0.063

[g] 96.48 124.1 (58.0) 3364.0 46.7

Wilcoxon Test (p<0.05) 
Note: SD = standard deviation; CV = coefficient of variation; VOT = voice onset time; IO = initial onset; MO = medial onset
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Table 3. Comparison of acoustic parameters, in initial onset, between 
the group of children with typical phonological development (GTPD) 
and the group of children with phonological disorder (GPD)

Parameters
Plosive/

context

Median 

GTPD

Median 

GPD
p-value

VOT 

(ms)

/p/ 18.89 14.86 0.100

/b/ -96.16 15.50 0.002*

/t/ 22.18 19.60 0.282

/d/ -105.90 20.18 0.003*

/k/ 43.02 48.56 0.692

/g/ -70.15 35.01 0.003*

Vowel 

length 

(ms)

/p/ 141.07 174.03 0.282

/b/ 173.54 170.52 0.865

/t/ 130.54 190.46 0.157

/d/ 188.81 198.36 0.462

/k/ 158.20 183.53 0.193

/g/ 204.93 176.73 0.396

Burst 

amplitude 

(dB)

/p/ 63.37 61.71 0.777

/b/ 65.49 60.51 0.533

/t/ 61.47 60.22 0.955

/d/ 63.60 57.81 0.462

/k/ 57.40 53.92 0.865

/g/ 59.41 51.94 0.533

* Significant values (p<0.05) – Mann-Whitney test
Note: GTPD = group of children with typical phonological disorder; GPD = group 
of children with phonological disorder; VOT = voice onset time

Table 4. Comparison of acoustic parameters, in medial onset, between 
the group of children with typical phonological development (GTPD) 
and the group of children with phonological disorder (GPD)

Parameters
Plosives/

context

Median 

GTPD

Median 

GPD
p-value

VOT 

(ms)

/p/ 21.06 16.80 0.079

/b/ -73.50 13.23 0.004*

/t/ 28.54 21.58 0.100

/d/ -72.37 20.02 0.006*

/k/ 43.34 40.94 0.692

/g/ -53.69 30.51 0.002*

Vowel length 

(ms)

/p/ 93.39 87.06 0.865

/b/ 106.63 99.10 0.865

/t/ 90.81 78.91 0.955

/d/ 105.23 101.86 0.610

/k/ 85.93 92.58 0.692

/g/ 99.72 88.15 0.777

Burst 

amplitude 

(dB)

/p/ 61.69 66.05 0.610

/b/ 63.69 62.38 0.777

/t/ 57.36 58.04 0.865

/d/ 62.08 57.26 0.610

/k/ 55.23 53.50 0.955

/g/ 58.35 54.40 0.955

Occlusion 

length 

(ms)

/p/ 127.54 136.84 0.462

/b/ 85.37 121.84 0.047*

/t/ 125.84 137.93 0.462

/d/ 89.86 113.93 0.027*

/k/ 117.10 126.00 0.234

/g/ 69.69 96.48 0.006*
* Significant values (p<0.05) – Mann-Whitney test
Note: GTPD = group of children with typical phonological disorder; GPD = group 
of children with phonological disorder; VOT = voice onset time

keep the distinctive language relations, the child must learn 
to produce the required glottic and supraglottic gestures and 
coordinate them in a precise time interval(13).

For BP, the vibration of the vocal folds that is prior to burst 
is crucial acoustic register for the distinction of negative and 
positive VOT, as well as in other languages such as Dutch(27). 
It is believed that the same articulatory complexity and impor-
tance are involved in maintaining the length of the occlusion.

Regarding the vowel length in the GPD, even though not 
showing any distinction to voicing with significant results, it 
showed values ​​close to the values ​​of the GTPD. Thus, it seems 
that vowel length reflects the first tests or trials of children with 
PD in stabilizing the tone contrast of their language.

In another study(28), it was also referred the influence of the 
acoustic pattern of the length of the vowel in the acquisition 
of segments in general. The author stated that the acquisition 
of this length happens before the acquisition of consonants 
and syllables, possibly because they are gestures with initial 
and final parts classified as slower than the others, minimally 
co-articulated, which help in the construction of motor repre-
sentations of consonant segments.

The amplitude of the release of the occlusion was the sec-
ond acoustic parameter that showed no difference between the 
groups in this study. However, it is noticed that this parameter 
also showed few differences in the context of voiceless and 
voiced plosive sounds in the sample in each group.

This result differs from another research(14), which studied 
the speech of seven boys with phonological alteration, and 
found differences in the burst amplitude of voiced and voice-

less plosive segments, in order to mark the voicing contrast 
in deviant speech.

Based on results such as those related to burst amplitude, 
it is important to note that the speech signal presents a large 
variety of acoustic properties that help the speaker to encode 
the linguistic segments. However, not all these information 
are necessary for discrimination and word recognition(27). This 
can be stated in the case of plosive phones, which have a large 
number of redundant clues to their identification(9).

From the results of the GTPD, it is also possible to observe 
that the acoustic registers that showed higher p-values, hence 
less tendency to statistical significance, were vowel length 
and burst amplitude. This suggests that these two clues may 
be secondary to the acquisition of the voicing contrast of 
plosive consonants. As previously mentioned, the comparison 
between groups (GTPD versus GPD) showed no differences in 
the parameters of vowel length and burst amplitude. Thus, it 
is assumed that children with PD have a tendency to prioritize 
secondary clues, i.e., less robust in an attempt to overcome their 
difficulties in the production of plosives [+voice].

Several studies have been conducted with the aim to in-
vestigate the voicing contrasts of deviant speech and, often, 
relate them to the standards of the target language(17,26,29). One 
of these studies(17) intended to describe and compare the me-
asures of VOT and vowel length and children with TPD and 
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PD. This study found that children with TPD produced VOT 
and vowel length differently in the context of voiceless and 
voiced plosive sounds. However, for children with PD there 
were no differences between the VOT of voiced and voiceless 
plosive sounds, as well as between vowels succeeded by a 
voiceless or voiced sound, as in this study. All plosive VOTs of 
this group presented lower values than the VOTs of the group 
with typical speech, suggesting that children with PD, besides 
not producing the sound, do not emit the voiceless plosive 
segments with the same standard of normality.

In addition, by contrasting some acoustic registers of chil-
dren with TPD and PD, other authors(26) observed that some 
children with PD failed to differentiate VOT values of voiced 
and voiceless plosive sounds. These results were interpreted in 
the sense that some children with PD had lower maturation of 
the control patterns of length of speech. However, as typical in 
speech, these children showed differences in the vowel length 
and length of occlusion in voiceless or voiced contexts.

This research, besides its primary objective, which was the 
characterization of voicing contrasting of plosive segments, 
also had the aim to disseminate acoustic spectrography of 
speech as a complement to perceptive-auditory analysis. It is 
believed that the use of acoustic investigations in the routine 
of speech-language pathology practice may provide better 
diagnostics and safer and more effective therapeutic conducts.

And yet, given the prevalence of devoicing in preschoolers 
and school children in Brazil, the discussions presented here 
intend to direct the clinical knowledge related to the acquisition 

of the contrast of voicing during all stages of phonological 
therapy of these cases, quantifying, thereby, the phonological 
knowledge of these children front to the use or not of the 
investigated acoustic clues.

The scientific rigor of the selection criteria adopted for 
inclusion of the individuals in this research ended up restricting 
the number of individuals who were able to participate in the 
study. Thus, it is not possible to answer some questions, as the 
influence of variables such as gender, age, organization of the 
phonological system and auditory input in the acquisition of 
voicing contrast of plosive phones. Therefore, further studies 
that prioritize those goals are suggested.

CONCLUSION

The marking of voicing contrast in the deviant group was 
different in relation to the GTPD. The children with PD eva-
luated in this study did not employ the acoustic characteristics 
responsible for the voicing contrast in the production of voiced 
and voiceless plosive consonants. 

The VOT and occlusion length of the voiced plosive phones 
were the most difficult acoustic parameters to be controlled 
and produced by children with PD. Hence, these two clues can 
provide much information to the speech therapist regarding 
the presence or absence of phonological knowledge related to 
the contrast of voicing, both before and during therapy, thus 
helping in the acquisition process of the feature [+voice], and 
in establishing the prognosis and therapeutic discharge.

RESUMO

Objetivo: Investigar se as crianças com desvio fonológico apresentam características acústicas distintas de sons plosivos surdos e 

sonoros das crianças com desenvolvimento fonológico típico. Métodos: Participaram do estudo 11 crianças com desenvolvimento 

fonológico típico e cinco com desvio fonológico e dificuldade na aquisição do traço [+voz] das consoantes plosivas. Por meio de 

palavras ([’papa], [’baba], [’tata], [’dada], [’kaka] e [’gaga]) inseridas em frases-veículo, mediu-se o voice onset time, a duração 

da vogal, a amplitude do burst e a duração da oclusão de cada plosivo. Foram comparados todos os registros acústicos de plosivos 

surdos e sonoros intra e intergrupo, por meio de testes estatísticos. Resultados: As crianças com desenvolvimento fonológico típico 

apresentaram resultados significativos, principalmente, na diferenciação dos parâmetros de voice onset time, duração da vogal e 

oclusão de plosivos surdos e sonoros, diferentemente do observado para as crianças com desvio fonológico. A comparação entre os 

dois grupos mostrou diferenças quanto à produção de voice onset time e duração da oclusão dos plosivos sonoros. Com relação aos 

demais parâmetros analisados, os valores foram aproximados entre os grupos, sem diferença estatística. Conclusão: A marcação 

do contraste de sonoridade do grupo desviante mostra-se distinta em relação ao grupo de crianças com desenvolvimento fonológico 

típico, principalmente no que se refere ao voice onset time e à duração da oclusão dos segmentos sonoros.

Descritores: Acústica da fala; Criança; Distúrbios da fala; Espectrografia do som; Fala; Linguagem infantil
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