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ABSTRACT: Interval-based rhythm metrics were applied to the speech of English,
Catalan and Spanish mothers addressing their children (aged 2, 4 and 6
years) and compared with their speech when addressing other adults. Re-
sults show that when mothers speak to their children, their speech is more
vocalic (higher %V) and more even-timed (lower variability in vocalic and
consonantal interval duration). Little differentiation is made when address-
ing children of different ages for the window of development investigated
here. These results indicate a greater ‘syllable-timed’ quality to child-direct-
ed-speech, irrespective of the presumed rhythmic category of the language
in question. Characteristic cross-linguistic rhythmic differences observed
in adult-directed-speech are, in the main, preserved, although more weakly,
suggesting that while modifications in child-directed speech largely occur
within the bounds of a presumed rhythmic category, such categories may,

in fact, overlap.

1. Introduction

This paper examines the extent to which mothers modify the
rhythmic properties of their speech when addressing their chil-
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dren, in what have traditionally been described as ‘stress-timed’
and ‘syllable-timed’ languages. To measure rhythmic properties
we apply a set of well known ‘rhythm metrics’ which extract and
quantify certain (predominantly durational) properties from the
acoustic signal (cf Ramus et al. 1999; Dellwo 2006; Low et al.
2000; Grabe-Low 2002; White-Mattys 2007)!'. While these met-
rics have been widely applied to capturing perceived cross-lin-
guistic differences in rhythm in (largely non-spontaneous) read-
ing styles of adult speech, little attention has been paid to deter-
mining whether such differences are evident in different speech
contexts known to trigger different speaking styles. One such dif-
ferent speaking style is that used when addressing small children
and infants, hereafter referred to as child-directed-speech (CDS).
We examine the rhythmic properties of CDS for English, Span-
ish and Catalan as a function of child age, and compare them
with adult-directed speech (ADS) for the same languages. We
consider the degree to which temporal/rhythmic modifications
observed in CDS may be interpreted as an exaggeration of rhyth-
mic properties in canonical adult speech or an accommodation
towards the speech of the child in question.

1.1. Background on speech rhythm measurement

Though the acoustic basis of perceived cross-linguistic dif-
ferences is elusive, the percept of a distinction between two
broad language categories (i.e. between the Morse Code rhythm
of e.g. Germanic languages and the machine gun rhythm of e.g.
Romance languages) is strong, and empirically supported. For
example, Ramus et al. (2003), show adult ability to distinguish
between thythmic categories, but not within them. The validity
and efficacy of rhythm metrics in capturing perceived differences
have been widely discussed and evaluated (see in particular an

1. Following White-Mattys (2007), other rhythm metrics, based on vari-
ability in the duration of phonological constituents (e.g. Deterding 2001), were
not applied.
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overview and comparison of all metrics by White-Mattys 2007),
and only a brief outline of their development will be given here.

Empirical studies (cf. Pointon 1980; Lea 1974; Dauer, 1983;
Roach 1982) found no evidence to support the early thesis (Pike,
1945; Abercrombie, 1967) that cross-linguistic differences result
from top-down timing strategies selecting different units (foot
versus syllable?) for isochrony. Following the empirical discredi-
tation of the isochrony account, an alternative explanation (see
Bertinetto 1981; Dauer 1983; 1987; Roach 1982; Dasher-Bolin-
ger, 1982) proposed that rhythmic distinction emerges from dis-
tinct sets of phonological and phonetic properties found across
languages, most notably the complexity of syllable structure
and the presence versus absence of vowel reduction. In brief,
it was observed that in so-called ‘stress-timed’ languages, like
English, there is a greater range of syllable structures (permit-
ting complex codas and onsets), heavier syllables are more likely
to attract stress, and unstressed vowels tend to be reduced (both
durationally and quantitatively, see Delattre 1966). In contrast,
in so-called ‘syllable-timed’ languages like Spanish, open sylla-
bles are far more common, and vowel reduction is much less evi-
dent. This hypothesis of rhythmic difference (which we call the
‘phonology-derived’ hypothesis) in effect captures differences in
the degree to which languages use duration to execute prosodic
prominence. On this interpretation, the execution of prosodic
prominence is not merely dependent on transparent timing strat-
egies (hence the failure to find the basis of rhythm in isochrony)
but interacts in a complex manner with the segmental string. To
the extent that the proposed rhythm metrics ‘work’ (i.e. discrimi-
nate between perceived differences), it is because they have ac-
cess to the acoustic effects of this interaction, without having to
‘know’ the component parts of this interaction (i.e. the language-
specific structural and phonetic properties).

These claims find strong support in psycholinguistic studies
(Nazzi et al. 1998; see also Ramus et al. 2003; Nazzi-Ramus 2003;
Nazzi et al. 2000) showing that infants attend to rhythmic dif-

2. Whence the terms ‘stress-timed’ and ‘syllable-timed’.
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ferences from birth. This evidence indicates that cross-linguistic
rhythmic differences reflect something that can be perceived be-
fore lexical or phonological analysis is available to the infant, and
therefore can be captured objectively from the acoustic stream.
From this, Ramus ef al. (1999) argue that “[the] infant primarily
perceives speech as a succession of vowels of variable durations
and intensities, alternating with periods of unanalysed noise (i.e.
consonants)”. This insight led Ramus et al. (1999) to develop
three measures of utterance rhythm which can be extracted pure-
ly on acoustic grounds, on the basis of vocalic and consonantal
intervals: 1) the standard deviation of vocalic intervals (AV); ii)
the standard deviation of intervocalic (i.e. consonantal) intervals
(AC); and the proportion of utterance duration which comprises
vocalic intervals (%V). Application of these metrics (Ramus et
al. 1999; Ramus et al. 2003) to languages of perceived different
rhythmic categories revealed a combination of AV and either AC
or %V to be the most useful in distinguishing categories.

Evidence that AC and AV are inversely proportional to be-
tween-language differences in speech rate (e.g. Barry et al. 2003;
Dellwo-Wagner 2003; Lee-Todd 2004) led Dellwo (2006) to pro-
pose the rate-normalised metric VarcoC, and Ferragne-Pellegrino
(2004) and White-Mattys (2007) to propose the rate-normalised
metric VarcoV?. VarcoC and VarcoV are variation coefficients
calculated as the standard deviation of the interval duration in
question (AC or AV) divided by the mean interval duration (mean
C or mean V), and multiplied by 100.

A different approach to measuring the basis of rhythmic dif-
ference, but one nevertheless derived from acoustic intervals, is
that proposed by Low et al. (2000), namely the application of the
pairwise variability index (PVI). Rather than taking global ‘vo-
calic-ness’ and variability in that ‘vocalic-ness’, the PVI attempts
to capture sequential differences in vocalic interval duration,
and specifically between stressed and unstressed syllables. The

3. VarcoC also varied according to speakers’ intended speech rate, though
not in a consistent way across the languages in that study (French, German and
English).
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motivation for looking at the sequential nature of the contrast is
that prosodic prominence depends on syntagmatic contrast: what
counts is a comparison with what has gone immediately before
and with what lies immediately ahead. The PVI is calculated as
the mean of the differences between successive intervals, and is
normalised (nPVI) for variability of speech rate by dividing by
the sum of intervals. Grabe and Low (2002) also propose an int-
ervocalic PVI (PVI-C), but warn against normalising this. The ra-
tionale for this is that since the size and variability of intervocalic
intervals largely reflect a language’s phonotactics and since these
are claimed to be an underlying source of that language’s rhyth-
mic properties, normalising eliminates rhythmic difference.

With the proliferation of different metrics, the question arises
as to how well they perform comparatively. White and Mattys
(2007) carried out a direct comparison of the usefulness of rhythm
metrics in capturing perceived differences between ‘stress-timed’
English and Dutch on the one-hand and ‘syllable-timed’ French
and Spanish on the other (for adult speech). They found that %V*
and the rate-normalised vowel metrics (VarcoV and nPVI-V) to
be the most effective (with a slight favouring of VarcoV over
nPVI-V, also for within-category discrimination). They failed to
find a significant correlation between %V and speech rate (see
also Dellwo-Wagner 2003), and it would appear that this metric
is fairly robust across different rates. For interval variability met-
rics, White and Mattys (2007) found that while rate normalisa-
tion increased the effectiveness of vocalic measures (VarcoV was
found to have greater discriminatory power than AV), this was
not mirrored in the case of consonantal metrics. No evidence was
found for systematic patterning between rhythmic classes when
using VarcoC. This is compatible with Grabe and Low’s advoca-
cy of leaving their intervocalic PVI measure raw (rPVI-C). Thus,
normalising speech variability over an utterance is deemed to
be helpful for capturing vocalic interval variability, but unhelp-

4. Or %C, since these amount to the same thing.
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ful for capturing consonantal interval variability’. These find-
ings have informed the choice of metrics for building rhythmic
‘profiles’ for CDS in the present study. We use rate-normalised
metrics for vocalic interval variability (VarcoV and nPVI-V) and
non-normalised metrics for consonant interval variability (AC
and rPVI-C), in addition to the measure of ‘vocalic-ness’, %V.

1.2. Characteristics of Child Directed Speech

Studies have shown that CDS differs from ADS notably in
prosodic patterns and speaking rate (see e.g. Albin-Echols 1996;
Fernald 2000; Fernald-Mazzie 1991; Fernald-Simon 1984; Gar-
nica 1977; Grieser-Kuhl 1988), though also in segmental proper-
ties (see e.g. Watt et al. 2003; Englund-Behne 2006). Common
features that have been identified include higher and greater range
of pitch, especially in stressed syllables; longer duration of indi-
vidual words, more prominent final lengthening, slower speech
rate, higher amplitude, shorter utterances and longer pauses, and
more reliable positioning of pauses at phrase boundaries (Fern-
ald-Simon 1984; Snow-Ferguson 1977; Stern et al. 1982, 1983).

Evidence from cross-linguistic studies suggests that higher
pitch and wider pitch range are almost universal properties of
CDS, British and American English (Fernald et al. 1989; Shute-
Wheldall 1989; Stern et al. 1983), German (e.g., Fernald-Simon
1984; Fernald et al. 1989), Italian and French, (Fernald et al
1989), Mandarin Chinese (Grieser-Kuhl 1988; Papousek-Hwang
1991) and Thai (Kitamura ef al. 2002). However, the extent of ex-
aggeration varies and exceptions exist: Grieser and Kuhl (1988)
report less exaggerated pitch characteristics in CDS in Mandarin
Chinese (a tonal language) than in American English, and Fernald
et al. (1989) found no evidence for higher pitch and wider range

5. Elsewhere, however, there is evidence that rate normalised consonant
metrics do discriminate. For example, Dellwo (2006) reports a higher VarcoC
for English and German than for French (though no statistical tests were re-
ported).
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in Japanese CDS. Kitamura et al. (2002) compare mean F0, pitch
range and utterance slope-FO in CDS in Thai (a tonal language)
and Australian English, and find intonational features to be more
exaggerated in CDS in both languages, but especially in Australian
English.

Evidence also suggests that properties of CDS evolve as a
function of the child’s development (Fernald 2000; Shockey-Bond
1980). In addition to differences in topic of conversation (Snow
1977), and shifts in the balance between affect and information-
salient speech (Sherrod et al. 1978), there is evidence for age-relat-
ed acoustic modifications. For example, pitch height and range in
adults’ speech have been shown to decrease as the age of the child
increases (Garnica 1977; Warren et al. 1984; Stern et al. 1983:
combined, these studies cover the 4mth to 5 year age range).

From a functional point of view, it has been argued that the rich-
ness of prosodic cues in CDS may actively function to attract and
maintain the attention of the child (Fernald-Simon 1984; Stern et al.
1982) and communicate affective information (Fernald 1989; 1992;
Werker-McLeod 1989). It has also been argued that CDS facilitates
language acquisition by, for example, highlighting linguistic struc-
ture and aiding word identification (Fernald-Mazzie 1991; Cooper-
Aslin 1989; Fernald 1992; Gleitman et al. 1988; Hirsh-Pasek et al.
1987; Kemler Nelson et al. 1989). In support of this thesis, Kemler
Nelson ef al. (1989) showed that 7- and 10-month old infants were
sensitive to prosodic cues to clause boundaries in CDS but not in
Adult-Directed Speech (ADS). More generally, research has shown
that young children and infants prefer listening to CDS than to
ADS (Cooper-Aslin 1990; Fernald 1985; Pegg et al. 1992; Werker-
McLeod 1989) Infants’ preference for CDS also appears to be uni-
versal (Werker ef al. 1994; Fernald 1993). These preferences appear
to be mainly based on modifications in pitch (Fernald-Kuhl 1987),
rather than in other parameters such as duration. Furthermore, there
is evidence (Kitamura-Burnham 1998) that what the children are ac-
tually responsive to is relative prominence. Thus a preference for
exaggeratedly high pitch is not a preference for a high pitch per se,
but for the greater contrast with surrounding material. A contrasting
low pitch can also provoke a response.
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2. Objectives of present study

The present study investigates whether mothers modify the
language-specific thythmic characteristics of their speech when
addressing their children. The question is potentially of interest
to studies of the development of rhythm and prosody in child’s
speech, and to phonetic and phonological development more
generally. In addition, it may contribute to our understanding of
speech in interaction and the parameters along and within which
speech patterns can be manipulated. The study also dovetails
with questions concerning the basis of perceived differences in
rhythm cross-linguistically. As has been detailed above, accord-
ing to the phonology-driven account, perceived differences in
rhythm between languages supposedly result from different ways
in which these languages break up sequences of vocalic articula-
tions, and are thus closely correlated to phonotactics and other
phonological properties such as syllable structure and vowel re-
duction. Since it would be reasonable to expect adults to maintain
syllable structure when changing speech style to address children
(i.e. we would not expect them to start simplifying consonant
clusters or deleting codas), if we adhere to a strong version of
the phonology-driven account, strictly speaking we should not
expect to find modification of rhythm in CDS®.

The desirability of taking a broader approach to understanding
the bases of perceived rhythmic difference between languages has
been highlighted by several authors. Beckman (1992: 457) stresses
the need to “examine the actual lengths of component syllables
as a function of their position within the hierarchy of stresses and
phrases”. White and Mattys (2007: 518) also draw attention to the
possible influences of “language-specific prosodic timing proc-
esses, such as accentual lengthening, word-initial lengthening and
phrase-final lengthening” on interval-based rhythm metrics, and
point to the need to examine more fully the degree to which dif-
ferences in prosodic timing processes correlate with rhythm class

6. Although a less strong interpretation might allow some modification
through exaggerated or diminished vowel reduction.
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distinctions. In their investigation of rhythmic difference between
northern and southern varieties of Italian, White et al. (2009)
find systematic differences in prosodic timing processes. Prieto,
Vanrell, Astruc, Payne and Post (under revision) show that differ-
ences in the rhythm metrics between English on the one hand and
Spanish and Catalan on the other clearly emerge even when syl-
lable structure is controlled for. Furthermore, they show that the
rhythmic distinctions between these languages correlate with dif-
ferences in the way these languages instantiate durational marking
of prosodic heads and prosodic boundary lengthening. Thus, while
phonotactic properties undoubtedly do affect rhythm metrics, ev-
idence suggests they are not the only, or indeed necessarily the
most important, factor in determining rhythmic category. How a
language instantiates prosodic timing processes may be as impor-
tant, possibly more so. Given the known extensive manipulation of
prosodic characteristics in CDS, this potentially leaves consider-
able scope for manipulation of rthythmic category in CDS.
Following on from this position, the first hypothesis that
we test is that CDS does indeed differ from ADS in terms of
the rhythm metrics. Once we allow for the possibility of modi-
fication of rhythmic category within a particular language, the
question arises as to what kind of modification takes place.
The second part of the hypothesis therefore concerns the way
in which rhythm could be modified in CDS. Modifications
could potentially take various forms. On the basis of previous
findings for CDS, which report a strong tendency for adults
to exaggerate the prosodic properties of ADS, one possibil-
ity is that the rhythmic profiles of ADS are exaggerated in
CDS. Since these profiles are language-specific and are said
to cluster into more or less well-defined rhythmic categories
(e.g. ‘stress-’ versus ‘syllable-timed’), an exaggeration would
entail different kinds of modifications for different languages.
Dominey and Dodane (2004: 128) claim that “the essential
acoustic property of CDS is the exaggeration or modulation
of characteristics that are already present in ADS”’. These

7. Echoed elsewhere in the CDS literature, e.g. Albin and Echols (1996).
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characteristics are different for different categories of rhythm.
Thus, applied to rhythm, in so-called ‘stress-timed’ languag-
es, which are characterised by a low proportion of vocalic
stretches overall (low %V) but a high variability in both vo-
calic and consonantal stretches (high VarcoV, nPVI-V, AC and
rPVI-C), CDS would exhibit even lower %V and even higher
VarcoV, nPVI-V, AC and rPVI-C. Conversely, in so-called
‘syllable-timed’ languages, which are characterised by a high
%YV but low variability in vocalic and consonantal stretches,
CDS would exhibit even higher %V and even lower VarcoV,
nPVI-V, AC and rPVI-C. A further consequence of such cate-
gory-sensitive exaggeration would be that cross-category dif-
ferences would be greater for CDS than for ADS.

Given the precedence for exaggerating prosodic properties
that exist in ADS, our expectation is that CDS will show ex-
aggerated ADS rhythmic characteristics too. However, an al-
ternative possibility is that, rather than exaggerating the char-
acteristics of ADS, adults accommodate towards the temporal/
rhythmic characteristics of child speech. Studies on rhythm in
child speech have suggested that it starts out uniformly more
‘even-timed’, i.e. showing characteristics associated with ‘syl-
lable-timed’ languages and that more ‘uneven’ timing charac-
teristics are acquired later on, for languages like English (see
Allen-Hawkins 1978, 1980; Grabe et al. (1999). Grabe et alii
report that the speech of 4 year-old French and English speakers
is more ‘syllable-timed’ than that of their mothers, and that the
difference is particularly marked for English. However, more
recent research (see Payne, Post, Astruc, Prieto and Vanrell un-
der revision®) paints a more complex picture, with the rhythmic
properties of child speech failing to fall into any well-defined
rhythmic class. In both ‘syllable-timed’ Spanish and Catalan,
and ‘stress-timed’ English, child speech (for ages 2, 4 and 6
years) was shown to be more ‘vocalic’ (higher %V) than adult

8. Payne et alii (under revision) used the same set of subjects as the present
study. The child speech described here was taken from the same dialogues as
the CDS reported in the present study.
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speech in the same language and to have a tendency towards
lower variability in vocalic interval duration: these are both in-
dices of greater ‘syllable-timing’. However, consonant interval
variability was shown to be higher in child speech, which is
generally considered to be a property of more ‘stress-timed’
rhythm. A possible explanation put forward by Payne et alii for
this divergent behaviour of consonants and vowels is that the
mastery of interval variability in developmental speech is fun-
damentally different for vowel and consonant production. It is
suggested that variability in vocalic interval duration is largely
associated with prosodic structure, the finer points of which are
acquired later on than the age range under investigation, while
variability in consonant interval duration is largely correlated
with immature articulatory co-ordination abilities, still charac-
teristic of speech for the age range under investigation (Allen-
Hawkins 1980). Thus, on this interpretation, the task for the
child is to introduce vocalic variability but to bring consonantal
variability under control. A straightforward accommodation to
the child’s speech would therefore entail higher %V and more
even timing for vocalic intervals (lower VarcoV and nPVI-V)
coupled with less even timing for consonant intervals (higher
AC and rPVI-C).

Since it has been shown that CDS can be sensitive to the age
of the child being addressed, our second hypothesis is that the
rhythm metrics will show a difference in scores between speech
addressed to 2, 4 and 6 year-olds.

Our third and final hypothesis is that despite any rhythmic
modifications made in CDS, cross-linguistic differences ob-
served for ADS will remain detectable also in CDS. This is partly
motivated by the reasoning that the underlying phonotactics and
syllable structure also remain the same for ADS and CDS within
any given language, and that these do contribute to rhythm met-
ric scores.

The languages chosen for this study differ in certain phono-
logical and prosodic properties, and are said to differ accord-
ing to rhythmic class (for ADS). English and Spanish are the
most straightforward to categorise. English (Southern Standard
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British variety) is canonically classed as ‘stress-timed’ in the
rhythm literature. It displays a wide variety of syllable structure
types, quantitative vowel reduction’ (Delattre 1966), stress at-
traction to heavier syllables, and substantial final lengthening
(Wightman ef al. 1992). Spanish (European variety) is canoni-
cally classed as ‘syllable-timed’. It is dominated by CV syllable
structure, and displays weak vowel reduction (Delattre 1966), a
weak correlation between stress and syllable weight, and weak-
er final lengthening.

Catalan holds a more ambiguous position in the schema of
rhythmic classification. Though its predominant syllable struc-
ture is CV (typical of ‘syllable-timed’ languages), it has a greater
incidence of more complex syllables than Spanish, weak vowel
reduction, a moderate correlation between stress and syllable
weight, and more final lengthening than in Spanish (Ortega-
Llebaria and Prieto 2007). The apparent mix of ‘syllable-timed’
and ‘stress-timed’ properties has led some researchers, following
a strong interpretation of the ‘phonological’ view of rhythm, to
claim that Catalan is rhythmically ‘intermediate’ (Nespor 1990;
Ramus et al. 1999). However, there is contradictory evidence
from recent empirical studies. Prieto et alii (under revision) show
that when syllable structure properties are controlled for, no dif-
ferences arise between Catalan and Spanish in the rhythm met-
rics. Further evidence for the ‘syllable-timed’ status of Catalan is
given by Gavalda-Ferré (2007), who shows that different degrees
of vowel reduction found in different dialects of Catalan make
no difference to rhythm scores. The inclusion of Catalan in the
present study was to ascertain whether these moderate differenc-
es from Spanish induces different patterns in children acquiring
rhythm.

9. Vowel reduction in English, in the form of centralisation to schwa, is
of course also qualitative. Such differences — not detectable by duration-based
rhythm metrics — may also contribute to the percept of rhythm, but are outside
the scope of the present study.
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2.1. Summary of hypotheses
We hypothesised that:

HI CDS would show rhythmic divergence from ADS, and
more specifically, would exaggerate the characteristics
of ADS rhythm (and therefore diverge from ADS in an
unsystematic way cross-linguistically);

H2 CDS scores would show rhythmic divergence as a func-
tion of child age;

H3 CDS scores would show some degree of cross-linguistic
divergence, as observed in ADS.

3. Method
3.1. Participants

For each language, we recorded twelve mother-child dialogues
(to elicit CDS), and made separate recordings of the mothers in-
teracting with an adult interviewer (to elicit ADS). The children
fell into three age groups (i.e. there were four children in each
age group for each language): 2-, 4- and 6-year-olds. Some moth-
ers were recorded in two different dialogues, with children of dif-
ferent ages. In total, 36 children and 26 adults were recorded'.

3.2. Materials and elicitation

The data consisted of short question-and-answer dialogues,
elicited through the medium of a structured game, based on short,
animated clips, shown on Powerpoint slides on a laptop screen.
The animations showed simple, everyday scenes, which could eas-
ily be described in words that were highly familiar to the children.

10. This study was part of a wider study which also investigated rhythm in
child speech.
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For example, one scene showed a little girl blowing soap bubbles,
another showed a little boy playing with building blocks.

The mother was instructed to ask her child to describe what
was happening in each clip, then praise the child for getting it
right, and repeat what the child had said. The mothers were also
recorded doing the same task, but interacting with an adult (the
interviewer). A typical dialogue went thus:

CDS context

Mother: What's happening here? What's the little girl doing?
Child: “(She's) blowing bubbles!”!

Mother: That's right! She’s blowing bubbles!

ADS context

Mother: What's happening here? What's the little girl doing?
Interviewer: She’s blowing bubbles!

Mother: Thats right! She's blowing bubbles!

The utterances used for the present study were the target utter-
ances spoken by the mother (in the example above the instances of
She's blowing bubbles in bold and underlined). It is to be noted that
this form of elicitation for CDS depends on a repetition of what the
child has said. In theory, this may make it more likely for the adults
to adopt mimicry strategies and accommodate to characteristics
present in the child speech. However, this could also happen even
when an utterance is not repeated but simply a new utterance in the
context of a larger dialogue. It is difficult, and arguably contrived to
elicit CDS that is ‘immune’, so to speak, to the online effects of hear-
ing child speech, and it is arguably precisely such interaction which
induces a change in speech style.

Tab. 1 shows the number of utterances produced by moth-
ers in dialogue with each age group, and in dialogue with other
adults, for each language. Spanish CDS utterances directed at
6-year olds are missing: this is because, in this particular record-
ing session, the mothers were mistakenly not instructed to repeat
what their child had said.

11 Or an approximation.
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Table 1.
CDS CDS CDS CDS ADS
2-year olds | 4-year olds | 6-year olds | total
English 69 77 68 214 | 226
Catalan 69 64 68 201 154
Spanish 65 33 - 98 138

Recordings were made respectively in the participants’ homes
in Cambridge, Madrid and Barcelona, using a Marantz PMD660
recorder and Shure PG81 microphones for the Spanish and Cata-
lan recordings, and a Tascam HD-P2 recorder with AKG C3000B
microphones for the English recordings.

3.3. Analysis

Vocalic intervals were segmented and labelled (start-points
and end-points) from the waveform and spectrogram by a re-
search assistant using Praat (Boersma-Weenink 2007). The RA
is a native speaker of English and studied Spanish language as
part of her degree. The Catalan and Spanish labellings were re-
vised by the three author native speakers. Vocalic and consonan-
tal segmentation was performed according to standard criteria,
e.g. F2-onset for vowels (Peterson-Lehiste 1960). For instance,
in fricative-vowel sequences, the onset of the vowel was taken
to be the beginning of the second formant. The onset of a frica-
tive was marked at the start of high frequency energy. Prevocalic
glides were considered to be part of the consonantal intervals;
postvocalic glides part of the vocalic intervals. The following
metrics were calculated (after Grabe-Low 2002 and White-Mat-
tys 2007):

— Measure of ‘vocalic-ness’: %V

— Measures of variability in vocalic interval duration
(rate-normalised): VarcoV and nPVI-V

— Measures of variability in consonantal interval duration
(not rate-normalised): AC and rPVI-C
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Rate-normalised metrics were chosen for vocalic inter-
vals and non-normalised metrics were chosen for consonant
intervals since, as discussed in Section 1, these have been
shown to have greater discriminatory power for adult speech
in general.

In addition, speech rate was calculated by dividing
the number of vocalic intervals (roughly equivalent to the
number of syllables) by the total time in seconds of each
utterance. A repeated measures analysis, with Speaker Style
and Language as factors, showed there was no main effect of
Speaker Style. However, there was a significant interaction
of Speaker Style*Language (F(2, 402)=13.961, p<0.001). As
can be seen in Fig. 12, showing mean speech rate for ADS
and CDS in all three languages, speech rate is marginally
slower in CDS than in ADS for Spanish and Catalan, but is
faster for English.

CS
mCDS
B ADS

Sp Cat Eng

Figure 1. Mean speech rate in vocalic intervals/second. Bars represent one
standard error around the mean

12. Fig. 1 also shows mean speech rate for child speech. The present study
formed part of a larger study also looking at child speech.
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4. Results and Discussion

Since the semi-spontaneous elicitation technique used in this
study differs from most previous studies on adult speech rhythm
(which in the main elicited data through subjects reading pre-
pared sentences), as a first step, we report briefly on the robust-
ness of the cross-linguistic differences for ADS, to verify that our
elicitation technique replicates previous findings. Our findings
for ADS are reported in more detail in a related study investigat-
ing the rhythmic characteristics of child speech (see Payne et alii
under revision). The graphs in Fig. 2 and Fig. 3 are reproduced
from that paper, and plot, respectively %V against Varco V and
nPVI-V against rPVI-C. All of the metrics discriminated very ro-
bustly between English on the one hand and Spanish/Catalan on
the other. English showed greater variability in both consonant
and vocalic intervals (higher VarcoV, nPVI-V, AC and rPVI-C)
and was less ‘vocalic’ (lower %V). These results reproduce a
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Figure 2. Distribution of English, Spanish and Catalan over the %V, VarcoC
plane. Bars represent one standard error around the mean
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Figure 3. Distribution of English, Spanish and Catalan over the nPVI-V, rPVI-C
plane. Bars represent one standard error around the mean

very similar pattern to the results reported by White and Mattys
(2007) for English and Spanish. The distinction between Catalan
and Spanish was much weaker, and not systematic in terms of
rhythmic class. Catalan was found to be less vocalic (lower %V)
— indicating greater ‘stress-timing’, but less variable in vocalic
interval duration (lower VarcoV) — indicating greater ‘syllable-
timing’.

The results on CDS are reported in the following order:
i) thythmic characteristics of CDS compared with ADS; ii)
CDS sensitivity to child age; iii) cross-linguistic differences in
CDS.

4.1. Hypothesis 1: Rhythmic divergence of CDS

Our first hypothesis was that CDS rhythm scores would differ
from ADS scores, and specifically that they would exaggerate the
rhythmic properties of ADS in the language concerned. A multi-
variate Anova was run on the CDS and ADS scores, with Speaker
Style and Language as factors. For each section, we report re-
sults on a) vocalic-ness (%V); b) variability in vocalic interval
duration (VarcoV and nPVI-V); and c) variability in consonant
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interval duration (AC and rPVI-C). Graphs plotting %V against
VarcoV and rPVI-C against nPVI-V, for each language (follow-
ing White and Mattys, 2007) are given at Fig. 4 through 9.

4.1.1. Vocalic-ness (%V)

There was found to be a main effect of Speaker Style on %V
(F(1,1031)=8.31, p<0.05), with %V being significantly higher
in CDS than ADS. However, there was a significant interaction
of Speaker Style*Language (F(1, 1031) =17.06, p <0.001), and
Bonferroni post hoc comparisons showed that the difference be-
tween CDS and ADS was only significant for English (p <0.001)
and Catalan (p < 0.05).

4.1.2. Vocalic interval variability (nPVI-V and VarcoV)

Comparing ADS and CDS, for vocalic interval variabil-
ity, there was found to be a main effect of Speaker Style on
the global measure of variability, VarcoV (F(1, 1006) = 535.9,
p < 0.001) with variability significantly lower in CDS than in
ADS. There was no interaction of Speaker Style*Language, and
post hoc comparisons showed a significant difference for all three
languages (p <0.001 for all languages). However, for the sequen-
tial measure of variability, nPVI-V, there was no main effect of
Speaker Style, and no interaction of Speaker Style*Language.

4.1.3. Consonant interval variability

There was found to be a main effect of Speaker Style on
the global measure of variability AC (F(1, 1029) = 23.97,
p <0.001), with variability significantly lower in CDS than in
ADS. There was no interaction of Speaker Style*Language,
and post hoc comparisons revealed that differences between
CDS and ADS were significant for all languages (p < 0.001 for
each language). For the sequential measure (rPVI-C), there
was no main effect of Speaker Style, and no interaction of
Speaker Style*Language.
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Figure 4. Distribution of CDS and ADS in Catalan over the rPVI-C, nPVI-V
plane. Bars represent one standard error around the mean
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Figure 5. Distribution of CDS and ADS in Catalan over the %V, VarcoV plane.
Bars represent one standard error around the mean
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Figure 6. Distribution of CDS and ADS in Spanish over the rPVI-C, nPVI-V

plane. Bars represent one standard error around the mean
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Bars represent one standard error around the mean
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Figure 8. Distribution of CDS and ADS in English over the rPVI-C, nPVI-V
plane. Bars represent one standard error around the mean
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Figure 9. Distribution of CDS and ADS in English over the %V, VarcoV plane.
Bars represent one standard error around the mean
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4.1.4. Discussion of Hypothesis 1

The results show that the rhythmic characteristics of CDS do
differ from those of ADS, though not uniformly across all meas-
ures and across the languages examined. Cross-linguistically, the
most robust distinctions were found using the global measures of
variability, (rate-normalised VarcoV for vowels and non-normal-
ised AC for consonants), with scores being significantly lower in
CDS than in ADS. %V was also found to be significantly higher
in CDS than in ADS for Catalan and English. Thus mothers show
less global variability in both consonant and vowel interval dura-
tion, and had more vocalic speech when speaking to their chil-
dren than when speaking to the adult interviewer. These results
point to CDS being more ‘even-timed’ and showing more char-
acteristics of ‘syllable-timing’ than ADS, particularly in Catalan
and English, but also in Spanish. Hence, rhythmic modification
in CDS appears to induce the bases of a greater ‘syllable-timed’
effect, irrespective of the rhythmic category of the language con-
cerned. While this could be interpreted as an exaggeration of
ADS characteristics for Catalan and Spanish, the same cannot be
said of English.

The sequential measures of variability, i.e. the rate-normal-
ised metric for vowels (nPVI-V) and the non-normalised metric
for consonants (rPVI-C) did not discriminate between CDS and
ADS for any of the three languages. Why global and sequential
measures should differ in this respect is open to speculation, but
could be attributed to the different types of variability that the
two kinds of measure are designed to detect. Sequential measures
(PVI) are sensitive to consecutively alternating patterns, and will
be highest when the rhythm is an approximation of ‘stressed-
unstressed-stressed-unstressed’ etc., with frequently occurring
reduced/weak syllables. According to the ‘exaggeration” hypoth-
esis, CDS in a stress-timed language such as English would be
expected to exaggerate the duration of stressed syllables and re-
duce the duration of unstressed syllables even further, thereby in-
creasing the sequential variability. The results clearly go against
this hypothesis. Global measures (A and Varco) on the other
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hand, do not distinguish between consecutive and non-consec-
utive variability, and are therefore more sensitive to variability
across different parts of the utterance. Since the global measures
showed less variability in CDS, we might speculate that when
adults address young children they adopt a more consistent tem-
po throughout the utterance. Again, the lower variability seen in
English CDS goes against the ‘exaggeration” hypothesis.

4.2. Hypothesis 2: CDS sensitivity to child age

Our second hypothesis was that the rhythm metrics would
discriminate between CDS directed towards children of different
ages. A series of univariate ANOVAs were run on CDS scores
with Child Age and Language as factors.

The results showed that there was no main effect of Child Age on
%YV, VarcoV, AC or rPVI-C. The only metric for which there was a
main effect of Child Age was nPVI-V (F(2, 488) =3.142, p <0.05).
Bonferroni post hoc comparisons showed that the only significant
difference was between age 2 and 4 (p < 0.001), with nPVI-V scores
being lower when mothers were addressing 2 year-olds. There was
no significant interaction of Child Age*Language for nPVI-V.

4.2.1 Discussion of Hypothesis 2

In the main, the results do not support the hypothesis that
rhythmic modification in CDS is sensitive to child age, with the
possible exception of mothers reducing vocalic variability even
more when addressing the youngest children in the study. Since
CDS has been shown to differ from ADS, it remains for further
investigation to establish towards which age of child adults begin
adopting ADS-like rhythmic characteristics in their speech.

4.3. Hypothesis 3: Cross-linguistic differences in CDS

Our third hypothesis was that CDS would show the same
cross-linguistic divergence in rhythmic scores observed in ADS.
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The mean scores for nPVI-V and rPVI-C cross-linguistically are
given in Fig. 10, while those for %V and Varco are given in Fig.
11. A series of univariate Anovas were run on the CDS scores,
with Language as a factor. The results support this hypothesis to
some degree: as with ADS, there was a main effect of Language
for all metrics (%V: F(2, 510) = 3.28, p < 0.05; VarcoV: F(2, 487)
=9.40,p <0.001; nPVI-V : F(2, 488) =20.16, p < 0.001; AC: F(2,
508) = 7.48, p < 0.001; rPVI-C: F(2, 508) = 12.45, p < 0.001).
Bonferroni post hoc comparisons showed that, as for ADS, Eng-
lish has higher variability than Catalan for VarcoV (p < 0.001),
nPVI-V (p < 0.001), AC (p < 0.001) and rPVI-C (p < 0.001).
For %V, English has lower mean scores than Catalan, but since
p = 0.059, this difference is just above the level of significance.
Unlike ADS, English is only distinct from Spanish for rPVI-C
(p <0.05) and nPVI-V (p <0.05) (in both cases English has high-
er variability). Catalan CDS is distinct from Spanish CDS only
in the vocalic variability metrics VarcoV (p < 0.05) and nPVI-V
(p <0.05), and in both cases has lower variability (as with ADS).

Although the variability metrics clearly discriminate between
English and Catalan for CDS, the discrimination on the basis of
‘vocalic-ness’ appears to be somewhat undermined by speech
style modifications. This is true also of the comparison between
English and Spanish CDS. %V is reported to be a very robust
discriminator of rhythmic class cross-linguistically, suggesting
that it reflects a fundamental structural difference underlying the
percepts of ‘stress-* and ‘syllable-timing’. It is therefore perhaps
somewhat surprising that adult speech can be modified in such a
way as to obscure this distinction. The distinction between Span-
ish and English, also very clear in ADS, is even more obscured in
CDS than the distinction between English and Catalan, with only
sequential measures of variability being effective discriminators.
On the other hand, the distinction between Catalan and Spanish
is consistently weak in ADS and CDS.

The first part of this study has shown that CDS in all three lan-
guages exhibits modifications characteristic of greater ‘syllable-
timing’. Having established this, the fact that the difference be-
tween ‘stress-timed’ English and ‘syllable-timed’ Catalan and (es-
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pecially) Spanish is diminished in CDS, but not the difference be-
tween Spanish and Catalan, would suggest that the greater degree
of modification is undergone by English. In other words, all three
languages appear to move further along a hypothetical rhythmic
continuum in the direction of greater ‘syllable-timing’, but English
moves further along, relative to its usual location for ADS.
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Figure 10. Distribution of Catalan, Spanish and English CDS over the rPVI-C,
nPVI-V plane. Bars represent one standard error around the mean
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5. General Discussion

A clear finding of this study is that while rhythmic class dis-
tinctions detectable in ADS continue to be observable in CDS,
they are less robust. English and Catalan remain well discrimi-
nated by variability scores. However, the evidence for English
having a lower %V is weak, at best. The distinction between Eng-
lish and Spanish is considerably weaker than in ADS : only the
sequential variability scores successfully discriminate between
them. Thus, there appears to be a degree of blurring in the cat-
egorisation of what, traditionally, have been described as canoni-
cally ‘stress-timed’ and ‘syllable-timed’ languages for this style
of speech. At the same time, a very weak distinction between
Catalan and Spanish observed in ADS remains. These modifica-
tions in cross-category differences appear to be brought about
by a general tendency towards greater ‘syllable-timing’ in CDS.
Cross-linguistically, mothers increase the vocalic proportion and
decrease the interval variability (both vocalic and consonantal)
of their speech when they address infants. The change to conso-
nant metrics is particularly interesting since it has been claimed
by some (cf Grabe and Low 2002) that consonant interval vari-
ability is an artefact of a language’s phonotactic properties. The
fact that adults vary this for different speaking styles in the same
language would suggest that this parameter of timing can be con-
trolled for speech style.

What exactly is underpinning the modifications in CDS,
whether they are indicative of exaggeration or accommodation,
is hard to determine. For Spanish and Catalan, a shift further to-
wards the more ‘syllable-timed’ end of a hypothetical rhythm
continuum could be interpreted as an exaggeration of properties
observed in ADS for these languages. However, this certainly can-
not be the case for English. The mothers investigated in the study
were possibly accommodating, to some degree, to the speech of
their children, which has been shown (for the same children) to
be more “syllable-timed” along certain parameters than the ADS
target for all languages. However, as has been reported in Payne
et alii (under revision), child speech is not more ‘syllable-timed’
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along all parameters: with respect to consonant variability child
speech has more uneven timing, i.e. appears to be more ‘stress-
timed’. In this respect, the lesser consonant variability in CDS
alone appears to be an exaggeration of a characteristic of ADS.

The rhythmic profile of CDS is, therefore, neither a whole-
sale accommodation to the rhythmic profile of child speech, nor
a wholesale exaggeration of ADS rhythm. Nevertheless, CDS
strikingly displays the characteristic of more ‘syllable-timed’
(when compared with ADS) across rhythmic categories of lan-
guages. Positioning CDS between child speech on the one hand
and ADS on the other, cross-linguistically, we can describe the
commonalities as follows: vocalic-ness and vocalic variability
appear to accommodate towards child speech, while consonant
variability appears to be more similar to ADS (indeed exagger-
ates this characteristic).

How might we plausibly seek to explain this divergence? A
divergence in the behaviour of vowels and consonants in child
speech has already been highlighted (Allen-Hawkins 1978,
1980; Payne et alii under revision). In the study by Payne et
alii, the transition towards the adult speech target, for both ‘syl-
lable-’ and ‘stress-timed’ languages, vocalic variability is inter-
preted as something systematic but not yet acquired, while con-
sonantal variability is interpreted at least in part'® as something
relatively random and to be eliminated/reduced. By reducing
both consonant and vocalic variability (an overall strategy of
greater ‘syllable-timing’, adults are effectively adapting vocalic
production for accommodating effect and adapting consonant
production for possible ‘instructive effect’. On this interpreta-
tion, the rhythmic profile of CDS would be characterised by
incomplete accommodation. A possible alternative (but keep-
ing accommodation in consonants and instruction in vowels)
would be to introduce more uneven timing all round. However,
it would be arguably a pointless and more difficult task for

13. This part being variability due to immature phonetic abilities. More
systematic differences in consonant variability are due to phonotactic differ-
ences.
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adults to introduce spurious and random consonant variability,
than to strip their speech of some of the finer prosodic nuances,
nuances which are arguably being indexed anyway through ex-
aggerated pitch modulation.

6. Conclusions and next steps

The interval-based metrics applied in this study yield a picture
of weakened cross-linguistic rhythmic distinctions (weaker than
those previously established for ADS). The fact that this weak-
ening is even brought about, and in natural, adult speech (albeit
in specific stylistic context), raises the question as to whether
we can neatly categorise languages according to rhythm. At the
very least, it would appear that some degree of elasticity within
categories needs to be allowed, allowing scope for fluctuations
in the way speech in a particular language can be delivered, and
even the possibility that categories may overlap.

At the same time, the metrics reveal cross-linguistic similari-
ties in the way CDS differs from ADS: CDS is more even-timed
than ADS, irrespective of the rhythmic category to which the lan-
guage in question is said to belong. The fact that, from the pro-
duction perspective, temporal characteristics deemed at least to
contribute to the percept of rthythm vary systematically between
two styles of adult speech within a given language, and that
supposedly robust distinctions between languages can be much
reduced, shows that these characteristics do not emerge from
phonotactic and syllable structure properties alone. This adds
strength to the claim (cf. Beckman 1992; White-Mattys 2007;
White et al. 2009; Prieto et alii under revision) that the rhythmic
percept is not entirely, perhaps not even principally, dependent
on such properties, and that a full model of speech rhythm is one
that incorporates prosodic structure and the phonetic instantia-
tion of this. Such an expanded model would also accommodate
individual, speaker-specific parameters of rhythm, in addition to
the style-specific parameters such as the one investigated in the
present study.
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It should be borne in mind that the differences reported here
are in acoustic indices and not perceptual judgments. It has in-
deed been shown that these indices correlate strongly with a
cross-linguistic perceptual distinction in ADS, whence the claim
that they actually form, or help form, the underlying basis of
this distinction. However, we know very little about how these
indices map onto the rhythmic percept and we do not know — and
this is critical — the degree to which they must vary in order to
trigger the percept of rhythmic difference!®. The indexical differ-
ences reported here could prove perceptually weak or incoherent.
Thus a next step will be to test the perceptual validity of the dif-
ferences found. In particular, it will be of interest to determine
whether English and Spanish CDS are perceived as rhythmically
different, since the indexical distinction between these is much
weaker in CDS than in ADS. Another priority will be to deter-
mine whether CDS is perceived as rhythmically different from
ADS for the same language, especially by infants, and, follow-
ing on from that, whether infants show any preference for CDS
rhythm.

Finally, that the speech context investigated here is shown to
exhibit a degree of similarity cross-linguistically is of particu-
lar interest, since it implies that cross-linguistic patterns in the
manipulation of speech can and do exist. The degree to which
adults consciously manipulate their speech patterns, and for what
purpose, is open to conjecture, and we offer some thoughts for
further speculation here. In the case of more even timing in CDS,
this is more likely to be an artefact of the adult trying to speak
more clearly, rather than a conscious effort to modify rhythm,
and specifically to accommodate her speech patterns to those of
the child. One way of establishing this would be to compare the

14. Other potential dimensions to the perception of rhythm, such as inten-
sity, vowel quality and FO, and how these may be integrated with durational
differences, lie beyond the scope of this paper, but remain to be explored more
fully. In one of the few studies of this kind, Lee and Todd (2004) report evi-
dence that ‘stress-timed’ English and Dutch show greater variability in vocalic
intensity than ‘syllable-timed’ Italian and French, for ADS.
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CDS rhythmic profile with that of consciously careful and clear
ADS. This would inform us as to whether it is generally the case
that speakers reduce vocalic variability when they adopt a more
careful, emphatic style, or whether this is something peculiar
to the style of speech adopted when addressing infants. If the
former, this would mean that the rhythmic modification observed
in CDS is not actually an accommodation to the rhythm of child
speech per se, so much as an accommodation to the needs of
the child (which happen to coincide, in part). If the latter, this
would presumably mean that the accommodation is actually to
certain formal properties of the child’s speech. Though the re-
sult is the same, the underlying aim would be subtly different.
A closer analysis of the interaction between pairs of mother and
child could also throw light on what is driving the modification
of speech in CDS, and will form a next step for the investigation
of the speech corpus used in this study.
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