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1. INTRODUCTION

Up to seventy percent o f infants born prematurely and o f low birth 
weight develop significant medical complications (1). One relative
ly common and serious complication is BPD, a form o f chronic 
lung disease that can have persistent effects on respiratoiy function 
through at least early childhood (6). Infants who have suffered BPD 
are at especially high risk for poor developmental outcomes, even 
in comparison with other groups o f high-risk infants, and there is 
some evidence that the risk o f language delay is higher for infants 
who develop BPD, relative to other complications (5). Recent 
research suggests phonetic development during the first year o f life 
impacts on later language development and clinical observations 
suggest that infants with BPD have difficulty producing good qual
ity canonical babble at the expected age. Therefore, the purpose of 
this pilot study is to: 1) obtain a comprehensive description of the 
vocalizations produced by full-term infants, preterm infants with
out BPD, and preterm infants with BPD; 2) determine the reliabili
ty o f measures of babbling ability for each o f these subject groups; 
3) examine the relationship between maturity o f babble and aspects 
o f development that may impact on babbling ability (i.e., cognitive 
ability, hearing acuity, oral motor skills, and respiratory function).

2. METHOD

2.1 Subjects

The subjects are 13 children who were bom prematurely and who 
have been diagnosed with BPD (BPD group), 8 children who were 
bom prematurely but who have not experienced any major medical 
complication such as BPD or intraventricular hemorrhage (HP 
group), and 10 healthy children who were bom at term (HT group). 
For the BPD, HP, and HT groups respectively, mean birthweights 
were 834, 1027 and 3408 grams; mean number o f days on supple
mental oxygen to 12 months o f age were 149, 3, and 0; and mean 
Blishen scores were 41, 40 and 52.

2.2 Procedure

The children were assessed at 8 and 12 months adjusted age. At 8 
months, cognitive function, muscle tone, and pulmonary function 
were assessed. At 12 months auditory function and feeding skills 
were assessed. At both ages, a sample o f babble was audiorecorded 
from the infants. Twelve samples were re-recorded within one week 
of the original recording in order to assess test-retest reliability. 
Each sample contained 50 to 100 utterances. Details o f analyis pro
cedures have been previously described (4) and will be summarized 
briefly here. Each utterance is coded according to 5 discrete cate
gories: canonical babble (CB), marginal babble (MB), fully reso
nant vowel (FRV), quasiresonant vowel (QRV), and other (rasper- 
ries, growls, squeals etc.). A count o f the number o f canonical syl
lables in the entire sample is obtained. Canonical syllables are char
acterized by the presence o f at least one consonant combined with 
a vowel, normal phonation and resonance and mature timing char

acteristics (2). The canonical syllable ratio (CSR) is calculated as 
the number o f  canonical syllables divided by the number o f utter
ances (3). Efforts to replicate the more recent procedure o f taking 
the ratio o f CB syllables to the total number o f syllables failed. We 
were unable to reliably identify the number o f noncanonical sylla
bles in a sample, although reliability for canonical syllable counts 
was good as described below. The ratio o f MB syllables with abnor
mal phonation to the total number o f utterances was also calculated 
as the abnormal phonation ratio (APR). Finally, the frequency of 
the second formant (F2) o f  vowels contained within canonical syl
lables was determined, and the standard deviation (SD) o f F2 fre
quencies was calculated as an indicator o f the size o f the infant's 
vowel space.

3. RESULTS

3.1 Reliability

Inter-rater and intra-rater reliability was examined for coding of 
individual utterances in 12 samples (600 utterances in all). The per
cent agreement and kappa statistics are shown in Table 1. The 
Kappa statistics indicate good inter-rater reliability and very good 
intra-rater reliability, although percent agreement between raters is 
not as good as we would like. Inter-rater, intra-rater, and test-retest 
reliability was determined for CSRs, APRs and SD of the F2, using 
12 additional samples. Mean differences, range o f differences, and 
Pearson correlation coefficients for these pairs o f scores are shown 
in Table 2. When this study is complete, we will determine intra
class correlations as a more appropriate measure o f reliability than 
the Pearson r. In the meantime however, the information in Table 2 
indicates excellent inter-rater and intra-rater reliability for CSRs 
and APRs. Test-retest CSRs and APRs indicate reasonably good 
temporal stability for these measures. The mean difference between 
the SD o f the F2s is greater than desired but there is only one pair 
o f samples yeilding a large difference between raters. When this 
outlier is removed the mean difference between raters is reduced to 
50 Hz, with the range 0 to 221 Hz and r =  .92. Intra-rater and test- 
retest reliability is poor for the SD of the F2 frequencies.

Table 1. Inter-rater and intra-rater reliability for coding o f  individ
ual utterances as CB, MB, FRV, QRV, or OTHER.

Inter-rater Intra-rater

Percent agreement 78% 89%

Kappa statistic 0.70 0.85
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Table 2. Inter-rater, intra-rater and test-retest reliability for sample 
level analyses.

Inter-rater Intra-rater Test-retest

CSRs
M Difference .05 .03 .10
Range 0 -  .12 0 -  .08 0 - .28
Pearson r .97 .98 .71

APRs
M Difference .03 .03 .05
Range 0 - .1 0 0 -  .06 0 -  .12
Pearson r .91 .95 .77

SD of F2s
M Difference 87 108 230
Range 0 - 5 0 5 19-303 23 - 478
Pearson r .69 .64 -.54

3.2 Phonetic Development

Figure 1 shows mean CSRs for the three groups at 8 and 12 months. 
There are significant differences as a function of group [F(2,28) = 
5.10, p = .01], but not age. Tukey pair-wise comparisons indicate 
that the HT group produces more canonical babble than the BPD 
group [t(20) = 3.17, p = .01], Differences between the BPD and HP 
groups and between the HT and HP groups are not statistically sig
nificant. There are no between group dilferences in the frequency of 
marginal babble produced with abnormal phonation. Mean APRs 
are .12, .13, and .18 at 8 months and .12, .10 and .09 at 12 months 
for the BPD, HP, and HT groups respectively. Between group dif
ferences for size of the vowel space were not observed either. The 
SD of F2 is 388 Hz, 564 Hz, and 420 Hz at 8 months and 451 Hz, 
461 Hz, and 570 Hz at 12 months for the BPD, HP, and HT groups 
respectively.

3.3 Correlates of the Canonical Syllable Ratio

Table 3 shows for each group the mean and standard deviation for 
the following variables: feeding score, Bayley Mental Development 
Index, and number of episodes of otitis media. The feeding score is 
based on a videotape of the infant eating. Drooling, biting, chewing, 
and lip closure/movement were rated as normal (score 0), suspect 
(score 1) or abnormal (score 2).
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Figure 1. Mean CSRs at 8 and 12 months for the BPD, HP, and HT 
groups (standard error bars shown).

Table 3. Mean (standard deviation) of feeding scores, Mental 
Develoment Index, and number of episodes of otitis media.

BPD HP HT

Feeding 2.00 (1.50) 1.38 (1.19) 0.90 (0.99)
MDI 94.85 (5.15) 97.50 (9.35) 97.2 (5.05)
Otitis Media 0.92 (1.66) 0.13 (0.35) 0.70 (1.25)

There are no significant between-group dilferences or predictor 
relationships between any of these variables and babbling ability. 
There may be some threshold effects: infants who received more 
than 28 days of supplemental oxygen produced less canonical bab
ble than infants who required less oxygen (M summed CSR = 0.48 
vs. 0.75). Infants who experienced more than 3 episodes of otitis 
media produced less canonical babble than infants who experienced 
fewer episodes (M summed CSR = 0.45 vs. 0.65).

4. CONCLUSIONS

Inter-rater, intra-rater, and test-retest reliability for Canonical 
Syllable Ratios and Abnormal Syllable Ratios is good or excellent. 
Reliable determination of F2 frequencies is difficult. Infants bom 
prematurely who have BPD produce less canonical babble than 
healthy infants bom at term. CSRs may also be impacted by otitis 
media history but are not correlated with feeding and cognitive abil
ities. Correlational analyses are suspect due to restricted range and 
small sample size, however.
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