
The establishment of contrast between /t /and /k/ in Brazilian Portuguese children. 
 

This study examines the establishment of contrast between /t/ and /k/ in terms of 
production and perception of the acoustic phonetic characteristics of voiceless dental 
and velar stops in Brazilian Portuguese-speaking children. Two experiments were 
conducted: acoustic analysis of the production and an identification experiment of the 
contrast investigated with 03 young BP learners (mean age 35 months). 

The stimuli used in production experiment consisted of familiar disyllabic words 
with penultimate stress combining initial /t/ and /k/ with /a, u/ in stressed position: 
/´taku/ (baseball bat); /´’kaku/ (shard); /’kuba/ (sink) and /’tuba/ (tuba). These words 
were represented with correspondent pictures. The context vowel /i/ was excluded 
because the precedent /t/ in that context is palatalized, being produced as the affricate 
/t∫/. 

The production experiment consisted of the randomized repetition of the target 
word in a carrier sentence after the experimenter said the target word as a prompt when 
presenting the correspondent picture. There were five repetitions of each word, 
computing a total of 60 tokens (2 vowels x 3 children x 5 repetitions x 2 consonants = 
60). The data were recorded  with a digital tape recorder and analyzed with a sampling 
rate of 44 kHz using the PRAAT software (Boersma & Weenink, 2008).  

The acoustic parameters analyzed were: 1) acoustic characteristics of the noise 
burst; 2) acoustic characteristics of formant transitions; 3) acoustic parameters related to 
the time pattern of closure and burst production (Forrest et. al., 2000). Duration 
parameters were analyzed by Friedman ANOVA, while other parameters were analyzed 
using two-way ANOVA and Hierarchical Linear Modeling (Raudenbush et al., 2004), 
to determine which acoustic parameters are needed to categorize the two stops. 
Statistical significance was set at 0,05 (p< 0,05). A previous study based on the speech 
of a typical adult speaker of PB was conducted to determine which acoustic parameters 
were primary or secondary cues. 

Acoustic analysis revealed the following characteristics: (i) presence of double 
burts, in both typical production of /t/ and /k/ (18,9%) and deviant production of this 
contrast (substitution of /t/ for /k/ and vice versa – 26%); and (ii) presence of covert 
contrast (Scobbie, 1998; Scobbie et. al., 2000; Li et. al., 2009) in 57,14% of the 
substitutions. In addition, in productions presenting double bursts the acoustic analysis 
of each burst revealed similar spectral characteristics, suggesting the use of the same 
articulator in the production of the two explosions. Concerning others parameters, 
younger children generally used primary phonetic cues in order to begin to establish the 
contrast between the two stops: F2 onset (CV transition), spectral peak and durational 
parameters. 

The second experiment, perceptual identification, investigated the perceptual 
consequences of the presence of overt contrast and covert contrast in the children’s 
production, using PERCEVAL software (André, et. al, 2003, 2009). Specifically, the 
stimuli used were the children’s own productions, divided in two groups: categorical 
stimuli (45 tokens) and gradient stimuli (15 tokens). Furthermore, each child identified 
only categorical and gradient stimuli they had produced..   

A one-way ANOVA and a post-hoc Scheffé test were run. Statistical 
significance was set at 0,05 (p < 0,05). Younger children showed a trend toward the 
identification of overt contrast over covert contrast (60% and 40%, respectively – 
Figure 1), but the reaction time in the identification of these stimuli didn’t  show 
statistical significance (p=0,70 – Figure 2).   

 



These results call for future research to continue investigating both speech 
production and speech perception of contrast and covert contrast in younger children. 
 
References: 
ANDRÉ C., GHIO A., CAVÉ C., TESTON B. (2003). PERCEVAL: a Computer-

Driven System for Experimentation on Auditory and Visual Perception.  
Proceedings of XVth ICPhS, Barcelona, Espanha, 1421-1424. 

 
________________________________________. (2009). PERCEVAL: PERCeption 

EVALuation Auditive & Visuelle (Versão 5.0.30) [Programa de computador]. 
Compilado de http://aune.lpl.univ-aix.fr/~lpldev/perceval/ em janeiro de 2009. 

BOERSMA, P.; WEENINK, D. (2008). Praat: doing phonetics by computer (Versão 
5.0.30) [Programa de computador]. Compilado de http://www.praat.org/ em 
novembro de 2008. 

FORREST, K.; WEISMER, G.; MILENKOVIC, P.; DOUGALL, R. N. (1988). 
Statistical analysis of word-initial voiceless obstruints: preliminary data. Journal of 
the Acoustical Society of America, 84, p.115-123. 

LI, F.; EDWARDS, J.; BECKMAN, M. (2009). Contrast and covert contrast: the 
phonetic development of voiceless sibilant fricatives in English and Japanese 
toddlers. Journal of Phonetics, 37(2). 189-211. 

RAUDENBUSH, S.W.; BRYK, A.S.; CHEONG, Y. F.; CONGDON, R. (2004). HLM 
6: Hierarquical linear and nonlinear modeling. Lincolnwood, IL: Scientific 
Software International. 

SCOBBIE, J. M. (1998). Interactions between the acquisition of phonetics and 
phonology. In M. Catherine Gruber, Derrick Higgins, Kenneth Olson and Tamra 
Wysocki (eds.) Papers from the 34th Annual Regional Meeting of the Chicago 
Linguistic Society, Volume II: The Panels. 343-358. Chicago: Chicago Linguistics 
Society. 

SCOBBIE, J.M.; GIBBON, F.; HARDCASTLE, W.J. e FLETCHER, P. (2000). Covert 
contrast as a stage in the acquisition of phonetics and phonology. In: Michael Broe 
and Janet Pierrehumbert (eds.) Papers in Laboratory Phonology V: Language 
Acquisition and the Lexicon, 194-207. Cambridge: Cambridge University Press. 

 

Perceptual performance of younger children

0

10

20

30

40

50

60

70

correct identification incorrect identification not response

%

contrast
covert contrast

                

Comparison between  the rection time of s timuli in identification task
F(2, 15)=,36282, p=,70165

Gradient Categorical

Type of s timuli

1500

1600

1700

1800

1900

2000

2100

2200

2300

2400

2500

2600

R
ea

ct
io

n 
tim

e

 
Figure 1: Perceptual performance of younger children.                   Figure 2: Comparison between the reaction time of stimuli              

in identification task.                     
 


