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ABSTRACT
This paper reports on an investigation of how the phonological
rule of the complementary relationship between vowel and
consonant duration is manifested in Swedish infant-directed
speech (IDS), as compared to adult-directed speech (ADS).
Cross-linguistic investigations indicate that vowels tend to be
prolonged in speech directed to infants. In contrast, there are
signs that consonants may be shortened in this speech style.
How then, would these tendencies affect the phonological rule
of V:C and VC:  sequences in IDS?
Analysis of vowel and consonant durations in disyllabic content
words from six Swedish mothers’ IDS and ADS revealed that
the VC proportionality is preserved in the IDS. The results
suggest that important information of the linguistic structure of
the ambient language is maintained.
The results are discussed from an infant developmental
perspective in a model of IDS transforms.

 INTRODUCTION
In the phonological system of Swedish quantity distinction plays
an important role. Minimal word pairs like ‘kapa’ and ‘kappa’
or ‘lät’ and ‘lätt’ are contrasted by different vowel and
consonant lengths (quantity). The relevant domain for this
quantity distinction is limited to lexically stressed VC syllables,
as in other Germanic languages [1, 2]. The proportionality of the
segment durations in such VC sequences is complementary, i.e.
a long vowel is followed by a short consonant (V:C) and a short
vowel is followed by a long consonant (VC:). Often, the quantity
contrast is enhanced by correlated phonetic markers like vowel
quality and diphthongization [3]. However, the observations of
this quantity contrast are based on speech directed to adults. In
the interaction with infants a quite different speech style is
typically adopted. Cross-linguistic investigations show
systematic differences between infant-directed speech (IDS) and
adult-directed speech (ADS) in e.g. extensive prosodic
modulations in IDS [4, 5]. More importantly, with respect to the
quantity contrast, acoustic studies at the segmental level show
overspecification in terms of increased vowel durations in IDS
[6, 7, 8]. In contrast, a recent investigation reveals decreased
consonant duration as measured in Voice Onset Time (VOT)
[9].
Since the quantity contrast in Swedish involves duration
characteristics in VC syllables the question asked is whether the
IDS transformations are characterized by prolonged vowels and
shortened consonants, thereby causing a degradation of the
quantity distinction. Or do the mothers adopt a selective strategy
by keeping the complementary VC proportions and in this way

preserve the quantity contrast?

To elucidate this question speech samples from six Swedish
mothers’ IDS and ADS are analyzed.

1.1.  Method
The IDS samples were recorded when the mothers, native
speakers of central standard Swedish, interacted with their
three-month-olds in a sound-treated studio. The mothers were
requested to interact with their infants as they would normally
do at home, while using a selection of toys. The ADS samples
were collected immediately after the IDS session when the
investigator entered the studio and talked informally with the
mother attempting to direct the conversation to the topics of the
preceding mother-infant session. Both sessions were videotaped.

1.1.1.  Speech material
To obtain comparable word lengths while avoiding potential
prosodic junctures due to morphological structure or
compression effects in consonant clusters, content words
meeting the following criteria were selected for analysis:
• Disyllabic words carrying primary stress on the first

syllable, i.e. trochaic stress pattern.
• Only simple forms
• Words with consonant clusters of maximally two adjacent

consonants in word medial positions
The criteria for syllable boundary division between lexically
stressed and unstressed syllables followed those proposed in
Bruce [1].

1.1.2.  Analysis
The speech samples were digitized at 16 kHz and acoustically
analyzed using ESPS/WAVES, 5.0. With this program a
waveform display, a spectrogram and a labeling window are
simultaneously available on the screen. The vowel and
consonant lengths were measured in the selected syllables and
the ratio between the durations (V/C) was calculated. Word
length was also measured.

RESULTS
The distribution of the number of VC sequences as a function of
speech condition and target vowel length is displayed in table 1.

TARGET VOWEL LENGTH

Condition Long Short Total
ADS 280 511 791
IDS 328 445 773
Total 608 956 1564
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In IDS 42% of the sequences are V:C and 58% are VC:, and the
corresponding sequences from ADS are 35% and 65%.
An analysis of variance showed no main effect for speaking
condition (i.e. IDS vs. ADS) for the VC ratio (p<0.11,
F(1,1560)=2.52), indicating that the relationship between the
vowel and consonant durations was not dramatically altered in
the transformation from IDS to ADS. However, a separate
analysis of the vowel and consonant durations indicated a
significant main effect of speaking condition for vowels
(p<0.000, F(1,1560)=218.26), but not for consonants (p<0.54,
F(1,1560)=0.37) (see figure 1a and b respectively).

Word length tended to be somewhat increased in IDS, but did
not reach significance. A significant interaction was found
between the total duration of VC sequences and speaking
condition (p<0.004, F(1,1560)=8.45), (see figure 2).

DISCUSSION
The results indicate that the Swedish mothers preserved the
quantity contrast in their speech directed to their young infants.
This suggests that important linguistic information may be
maintained at the phonological level in IDS.
In accordance with other investigations [6, 7, 8] the present
results also indicate that the mothers make an overall increase in
the vowel durations in their IDS. A more detailed analysis
shows that short vowels are shortened and long vowels are
lengthened in the transformation from ADS to IDS. However,
since reduction in vowel length is bounded whereas increases
are, in principle, unbounded, the total effect appears as a
general increase. Much the same happens with consonants: short
consonants are shortened and long consonants are lengthened. In
this case, the duration difference between short and long is less
dramatic than for the vowels, which accounts for the significant
interaction observed between speaking condition and the
combined vowel and consonant duration. The interaction is
mainly explained by the overwhelming vowel length increase
observed in IDS.
The finding of a significant quantity difference for vowels but
not for consonants is also in agreement with earlier studies of
complementary length relations in Swedish. Gårding [10] found
that short vowels are about 60 % of the length of long vowels,
whereas short consonants are about 75% of the long.

Taken together, the results from the present and earlier
investigations show the strong tendency for vowels to be
prolonged in the speech style used in interaction with infants.
The tendency for reduction of the consonant duration is less
supported by data but have been found in Swedish mothers’
VOT [9]. What may be the reason for these tendencies to
differentiate specifications of vowels and consonants in IDS?
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Figure 1a. Confidence intervals (95%) for vowel
duration in ADS and IDS.
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Figure 1b. Confidence intervals (95%) for
consonant duration in ADS and IDS.
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Figure 2. Confidence interval (95%) for the total
duration of both vowel and consonant in lexically
stressed VC sequences.
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The evolution of general phonetic characteristics in IDS during
the early stages of language acquisition is sketched in a model of
differential phonetic weighting, Mother-Infant Phonetic
Interaction Model (MIPhI), (see figure 3), [5]. The model
hypothesis is that adults emphasize different phonetic aspects in
their IDS depending upon the infant’s developmental stage. At a
very early stage, for instance, adults enhance prosodic aspects
that match the infant’s perceptual, production, as well as
communicative constraints.
Initially, IDS is characterized by ample prosodic modulations
and extensive modifications of the sonorant aspects of the
speech signal, such as expansions of the acoustic vowel space.

Gradually, prosodic and sonorant aspects accommodate to values
typically found in adult-to-adult speech. Obstruent/consonant
aspects, on the other hand, are hypothesized to be
underspecified in IDS to the young infant [9] and exhibit
overspecified values in IDS to infants at the age of 11-14
months. Thereafter a gradual accommodation to typical ADS
variation takes place. The MIPhI model of these differential
specifications of phonetic aspects is based on suggestions of
perceptual salience as well as of functional implications. The
IDS to young infants may primarily have communicative and
phatic functions where the signaling of linguistic contrasts may
be of relevance at a later stage. This adult strategy is quite
compatible with the notion of “patterning” the speech signal that
is directed to the infant. Patterning can be seen as a way to make
the speech a compelling auditory stimulus for the infant. As a
byproduct the infant is presented with the core linguistic
properties of the ambient language.
A conspicuous aspect of the speech signal is just the alternation
of sonorant and non-sonorant elements. At the same time
patterning also offers a vehicle for conveying relevant phonetic
information to which the infants are sensitive. There is
perceptual evidence to suggest that even young infants are
particularly sensitive to patterns of their ambient language [11,
12], and this can be understood from the perspective of
emergent phonology [13, 14]. Indeed, according to the notions of
emergent phonology, the infant’s cumulative experience with
consonant and vowel alternations should result in the
establishment of a suitable linguistic frame, the content of which
will be subsequently refined [15]. The phonological quantity
rule may constitute one example of such a linguistic frame
offering possibilities for differential modifications of segment

properties.
This scenario is fully compatible with the notion that quantity
contrasts are well specified and “trained” at an early stage while
consonant aspects, like VOT remain underspecified until a later
developmental stage.
Quantity contrasts enhance the overall syllabic and rhythmic
structure, focusing the infant on the language’s gross acoustic
characteristics, whereas more subtle aspects are introduced later
on. By and large, the adult-infant interaction seems to be
governed by a delicate balance between the adult’s
overspecifications and the infant’s perceptual abilities.
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Figure 3. Phonetic specifications of prosodic,
sonorant/vocalic and obstruent/consonant aspects in
infant-directed speech as a function of infant
development.
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