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INTRINSIC MUSICALITY: 
RHYTHM AND PROSODY IN INFANT-DIRECTED VOICES 

Niki Powers 

University of Edinburgh 

Abstract 

The theory of musical acoustics and new computerised acoustic analysis were 
applied to obtain a precise and comprehensive account of parents' vocal communication 
and it's motivating and regulatory potential in the first year of life. Infants' sensitivity 
for the rhythms and melodic or prosodic features of adult vocalisations, i. e. their adapta­
tions for' Communicative Musicality' (Malloch, 1999) was studied, with particular 
attention to responses to infant-directed forms of maternal vocalisations (speech, song 
and sound games) in which rhythmic expression and affective quality are enhanced. 

Seven mother-infant dyads were filmed in their own homes, every two weeks for 
three months. Mothers were instructed to play with their infants as they normally do. 
The pairs were filmed, and DA T recordings were made of each session. Video mi­
croanalysis using a well-established category system (Trevarthen and Marwick, 1982) 
was carried out on segments of video, to elucidate the nature of the infants' non-vocal 
communicative behaviours and how these developed over time. Inter-rater reliability was 
established at 87.8%. Acoustic analysis was carried out on corresponding segments of 
DAT tape, using Hypersignal computer software to produce spectrographic and funda­
mental frequency pitch information (Malloch et a!., 1997). This gave a comprehensive 
description of the vocal behaviours of both mothers and infants and the overall temporal 
coordination of their interactions. It also allowed a preliminary examination of how 
mother and infant vowel sounds are placed in the overall structure of the interaction. 
Mother and infant vowel sounds were further analysed using Praat Linguistic software. 
Small segments of vowel sounds were copied into the Praat software program and subject­
ed to a formant analysis. Structural differences were noted. 

The descriptions that were gained using this method showed that mothers and 
infants both actively participate in adapting and regulating their communicative interac­
tions. 

Preliminary vowel analysis showed that vowels playa key role in temporal ordering 
and expression and perception of emotional affect of both partners. 

Key Words: musical acoustics, communicative musicality, rhythmic expression, 

emotional affect 

INTRODUCTION 

1 

Research with infants has over the last two decades provided a fascinating insight 

into the foundations of communication. However, many questions still remain and there 
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is speculation and controversy over the precise nature of features underlying what we 
understand so far about these foundations. 

The problem is undoubtedly a complex one, but has relevance for researchers in 
many fields within psychology. What we are communicating contains several features 
alongside our semantic message. One important feature of all communication is the 
emotional affect, and research into infant communication has led to interesting conclusions 
about the systems within the human brain that allow us to communicate, first our emo­
tional, and second our semantic messages. If research can establish how infants produce 
communicative behaviour from birth, how they can perceive communicative behaviour 
directed to them from others, and what communicative features they pay attention to, this 
will advance our understanding of the higher cognitive processes of language comprehen· 
sion. 

More recent research with infants has uncovered evidence to support that neonate 
communicative systems are functioning in an organised way. It is accepted that there is 
some kind of temporal 'sense' to what infants perceive and react too. Wittman and 
Poppel (1999) present evidence for two fundamental levels of temporal processing in the 

Central Nervous System. A high frequency level operating around a 30ms time interval 
provides information about temporal order and control. A low frequency level, operating 

around a 3s interval, combines smaller, high frequency components into comprehensible 
units. However, underlying features of this temporal processing are elusive, mainly 
because they are so complex in their nature. Wittman and Poppel (1999) propose that 
high frequency temporal processing is evident in action and perception tasks, and suggest 
that this may be evidence for a 'neuronal clock', possibly situated in the left cerebral 
cortex and operating throughout communicative, perceptual and motor domains whenever 
precise central control is exercised in action and experience. 

Infants, even in the early weeks, have the capacity to attend to the parental lan­
guage over others and they can distinguish languages of the same type as their own from 
those of a different type; for example, differentiating stress-timed and syllable timed 
languages. So they are preparing to hear and produce speech. They are not just reacting 

to random events or practising making sounds. Nevertheless, the full extent of infants' 
adaptations for hearing and acquisition of language is not known. It is still not clear what 
the specific underlying features are, that attract infants' interest, and prosodic regular­
ities are extremely difficult to pin down. 

By exploring different levels of phonetic and intonational expression in infant­
directed speech, linguists have recently make significant advances in understanding the 
'intuitive parenting' of speech to infants (Stern et aI., 1982). Understanding the way 

that communicative information is processed gives only part of the picture. Communicat­
ing humans are not only selectively processing information, they move voluntarily and 
often reacting with irrational intuition. Human motivation and levels of ability and 
interest seem to have an important effect on the development of underlying communicative 
features. 

There is a growing realisation, mainly as a consequence of descriptive analysis of 
parents' vocalisations and of infants' attention to their imitations, and practice to them­
selves when alone (self-imitations), that the foundation is built on intuitive motives of 
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infants, which parents match and support, and particularly on shared rhythms of expres­
sive action, and emotional qualities in vocal, facial and gestural expression (Hubley and 
Trevarthen, 1979; Trevarthen, 1999, 2000). Malloch et aI's Communicative Musicality 
(1997) is an integrated theory to explain these 'motive co ordinations' in infants and 
parents. It uses musicological descriptions of mother infant vocal interactions to precisely 
characterise the inherent foundations of human consciousness, action and thinking that 
enable an infant and an adult to coordinate in a coherent flow of expression. 

Communicative Musicality 
The Communicative Musicality Model (Malloch et a!., 1997, Malloch, 1999; 

Trevarthen, 1999, 2000) offers the potential to examine underlying features of vocal 
communication between mothers and their infants. This method generates a visual 
description of acoustic parameters. Specific features such as pitch, loudness, quality and 
timbre are shown graphically as a function of time, and temporal patterns can be mea­
sured. Using this method, researchers are beginning to answer some of the questions 
about underlying features of communicative behaviour. Malloch et al (1997) found that 
the musical qualities of 'pulse', 'quality' and' narrative' were utilised by a mother and 
her 6-week-old infant throughout their communicative interactions, to coordinate and 

regulate emotional affect. Further examination confirmed that communicative interac­
tions between mothers and their infants are highly organised and closely coordinated. 

Co-ordinated communicative interactions are evident in infants from birth (Trevar­
then, 2000). Newborn infants show an intuitive preference for and are regulated by, the 
maternal voice (De Casper and Fifer, 1980; Fifer and Moon, 1995; Spence and Freeman, 
1996). Early acoustic encounters have been shown to have an effect on infant perception 
that is especially relevant when they are being exposed to language (Kuhl, 1998). What 
is still unknown, are the specific features of the maternal voice that attract the infant's 
attention and how these characteristics are utilised by both mother and infant to co­

ordinate their affective expression. Although many details are being discovered, the 
processes involved are complex and a lot of research is still needed. 

Stern et al (1982) demonstrated that American English-speaking mothers employ 

particular intonation contours in specific interactional contexts, when communicating with 
their 2-month-old infants. Mothers used rising intonation contours to encourage interper­
sonal contact with their infants and sinusoidal and bell-shaped intonation contours to 
maintain a positive emotional state in the infant. It appears that maternal intonation 
contours are marking supra segmental features for the infant and they are teaching the 
infant context-specific patterns of communication. 

It is well established that pitch range is greatly expanded in maternal speech (Stern 
et a!., 1982). Salient features are exaggerated by the parent, which makes them perce­
ptually attractive to the infant. Some features of maternal intonation contours appear to 
be critical in the regulation of infant affect. Mothers will produce context-specific intona­
tion curves over bipolar dimensions of affect when communicating with their 2-month-old 
infants, in both tone languages such as Chinese Mandarin and stress languages such as 
American English (Papousek and Papousek, 1991). This suggests that, at least some 

features of maternal intonation are used across languages to regulate emotional affect in 
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infants. The problem is, that this is only one tiny piece of the puzzle and the underlying 
features of the specific intonation contours discussed here, are still not fully understood. 
What is it about such intonation that provides the vital information to the listener about 
the speaker's affective message? 

Shimura and Imaizumi (1995) found that two-month-old Japanese infants modified 
aspects of the fundamental frequency in their utterances to express emotional affect. The 
infants manipulated the fundamental frequency range, intonation contour shape, vocalisa­
tion length and altered the number of segments in their vocalisations to express specific 
emotions. These researchers found that mothers appropriately interpreted the infants' 
emotional expressions. The mothers responded to the infants based on their interpreta­

tions and according to the context, and in this way the infant learns the function of 
language. 

It is accepted that there is co-ordination of structural features of communication, 
such as fundamental frequency, duration, loudness and pitch, but it is not known how 
these properties interact. Difficulties lie in the complex involvement and co-ordination of 
different structural properties of the sounds in speech. An added difficulty is that percep­
tion of communication and language involves a great deal more information than is 
available from the acoustic signal alone (Kuhl and Meltzoff, 1982; Harris et a!., 1986; 
Heinmann, 1998; Papaeliou, 1998). The human infant is born with the motivation for 
intersubjective communication with others on a multi-model level. Trevarthen (2000) 
puts it well when he says that infants are "born for a new kind of brain-to-brain interac­
tion and for a unique capacity for cultural learning" (pl4). Motivation, and the emo­

tional intention that it induces, are the driving forces for infant attention, perception and 
action. 

Motivations and Meaning 
Aitken and Trevarthen (1994, 1997) describe the development of neural systems for 

the motivation for intersubjective communication in the brain of the human foetus. The 
neonatal ability to communicate sympathetically with other people is founded on a biologi­
cal substrate of behaviour. The intrinsic motivation to communicate develops, in a sense, 
from the inside out (Trevarthen and Aitken, 2000). Newborn infants are innately 
motivated to "employ poly-rhythmic expressiveness in synchrony with the care and 
support of their parents to learn the signs of communication in a particular culture" 

(Trevarthen, 1999, pI74). They are born to communicate and to learn. 
The musical features of infant-directed speech are known to be perceptually attrac­

tive to infants. Infants can discriminate temporal patterns, harmonic intervals, loudness 
and voice quality (Chang and Trehub, 1977; Chang and Trehub, 1977; Trehub, 1987; 
Trehub et al., 1993). They show a preference for communication pitched at 262 Hz, 
which in musical terms is a middle C (Trehub, 1990), and they can differentiate between 
intonation contours (Papousek, 1996). They do not discriminate on the basis of individ­

ual factors; rather their discrimination is based upon individual features in relation to the 
surrounding features (Cohen et a!., 1987). Music and Language are human artefacts and 
they are both built upon re-occurring patterns (Martin, 1972; Hofstadter, 1985). These 
patterns range from the simple, as is optimal for infant-directed speech and song (Trehub, 
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1990; Trainor, 1996), to the highly complex, such as the regulation of grammar. These 
patterns are predictable, they have a beginning and an end, and they allow humans to 
formulate meaning from acoustic streams of information. 

Friederici and Wessels (1993) found that 9-month-old infants show a preference for 
certain phonotactic patterns that provided information on word boundaries, when words 

were presented, embedded into a context of similar words. In another experiment these 
researchers filtered phonotactic information from the speech sample, whilst leaving 
prosodic information intact. They found that the infants showed no preference for the 
specific word boundaries. They conclude that it is phonotactic information that provides 
information to the infant listeners about the prosodic features. Phonotactics are the 
particular sequences of sounds that are evident in any given language (Crystal, 1992), in 
other words they indicate the relationship of different aspects of patterns in speech. Other 
researchers have emphasised the influence of preceding and following sounds, on the sound 
to be perceived or produced (Chang and Trehub, 1977; Trehub et ai., 1987; Ladd, 1996). 
When trying to uncover what features of sound infants are attending to (or producing), it 

is important to consider contextual information. 
Communication occurs between people and as well as structural information about 

sound, there is also an interaction between contextual factors and motivation. The co­
ordination of motivation and communication has been shown to play a central role in 
mutually satisfying communication between parents and their infants (Papousek and 
Bornstein, 1992; Papaeliou and Trevarthen, 1994; Reddy et ai., 1997). It has been 
shown that there is some regularity in parent-infant envelopes (Jaffe et ai., 1999). They 
are dynamic, constantly changing and regulated by both partners depending on what they 
feel and what they want to express (Beebe et al., 1982; Beebe and Gerstman, 1984; 
Beebe et al., 1991; Papousek, 1992; Fernald, 1992). 

If the patterns underlying early communicative behaviour can be teased apart, 
developmental, neuropsychological and cognitive research will benefit greatly. It would 

provide evidence about what is innate and it can give clear information about what 
processes are going on at different developmental stages. It could facilitate in understand­
ing whether the brain is firing to separate, distinctive aspects of the overall temporal 
pattern and if so how these aspects are communicating with each other. 

Als (1995) suggests that communicative development is linear. She describes the 
premature infant as" neurodevelopmentally expecting three securely inherited, 
evolutionarily promised environments in support of their appropriate development, name­
ly, their mother's uterus, their parent's bodies and their families community and social 
group" (p440). She states that, the older the infant is when born, the higher the infants' 

scores will be on attentional, motoric and regulatory organisation scores. This research 
with premature infants suggests that the full term infant will have an optimal' expecta­
tion' of specific communicative features occurring in their environment. 

THE PRESENT RESEARCH 

The theories mentioned above and the research behind them shows that communica­
tive systems are organised behaviourally and perceptually. They give much needed detail 
about how the mechanisms are expressed. However, many questions still remain about 
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how prosodic features of language are developed and maintained. The present research 
hopes to carry out a preliminary study of the part that mother/infant vowel sounds have 
in relation to temporal and prosodic information. 

The theory is proposed that phonological and prosodic features of vowels mark 
primary elements of the co-ordinated and musical interactions that are evident between 
parents and their infants. There are several reasons for believing that vowels may be 
marking temporal pattern for infants. They are among the first canonical sounds to be 
produced by an infant (Locke, 1993; Oller, 1986; Trevarthen, 1999). Vowels are one of 
the salient features of speech (Ladd, 1996). V owels have more extensive harmonics 
(formants) and infants show a poorer performance on perceptual tasks when harmonic 
information is limited (Clarkson et a!., 1996). It is possible that infants may be drawn to 
vowel sounds because they are rich in perceptually attractive information. A sensitivity 
to vowels would correlate with the preference infants show for the affect content of infant­
directed speech (Kitamura and Burnham, 1998b). 

V owels play an important part in determining the next sound to be made and in 
intonation (Ladd, 1996). In this way they are relevant for affect and emotional expres­

sion and in the overall narrative of any interaction as well as the articulation of speech. 
The present study presents this theory in its embryonic stages and provides a brief 
introduction to further (more extensive) research aimed at establishing precise vowel 

placement information in speech and singing to infants. Thus the research presented here 
concentrates on a detailed description of the normal parent-infant interactions in which the 
vowels are placed in a rhythmic frame. 

Theory of Analysis 
An analysis of the musical nature of parent-infant communication will provide a 

basis for continuation of the project to establish the part that vowel sounds play in the 
expression and perception of emotion and motivation that is central to any mutually 
satisfying interaction. It will also illuminate the child's path to hearing and producing 
speech and language. 

The pulse / beat, and regulation of rhythms especially duration of seperated phrases 
will be examined using a combination of methods (discussed above) that have already 
proved constructive in infant studies. This will provide a necessary backdrop for future 
research into the placement of vowels in communicative interactions produced by English­
speaking and Japanese-speaking parents and infants. A small selection of Short « 

200ms) and Long vowels (200-500ms) will be distinguished and measured with Linguistic 
software as a test of the proposed method. Spectrographs will act as time maps, showing 

visually the narrative forms with their expressive changes. These will provide basic data 
for detailed description of the vocal data. 

The pre-semantic envelope and non-referential narrative or drama will be examined 
using a combination of video microanalysis and acoustic and linguistic methods. Transi­
tions of excitement or tension in segments of spontaneously-produced, contextually rele­
vant speech and nonsense vocal games with and without body movement will be studied to 
see how parentese in ordinary playful or comforting chat act to 'regulate' infant's 
emotions. Video microanalysis will be combined with the spectrographic investigation to 
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give a comprehensive description of the some of the ways in which communication is co­
ordinated and regulated over time. 

Research Aims 

(1) To provide a precise description of normal parameters in samples of good vocal 
communication between mother and infant, during interactions, in songs, or rhythmic 
games. 
(2) To collect evidence of features of mother's voice and expression and of infant's 
response that may be universal, looking especially at the rhythmic/narrative structure and 
acoustic patterns. 
(3) To determine some of the ways in which the mother gives affective emphasis to the 
content of her speech and song. 
(4) To establish the temporal pattern of vocal and non-vocal communicative interactions 
and provide a methodology that will form the basis of future examination of the timbral 
aspects of vowel structure and vowel placement in the rhythmic structure of the overall 
narrative in mothers' talk to infants. 

Predictions 

(1) I predict that an examination of the normal parameters of good communication will 
show that a mutually satisfying interaction will be built upon the features of musicality as 
described by Malloch (1999). 

(2) I predict that there will be a variety of phonological and prosodic features that are 
salient to the infant and manipulated by the parent that will be recognisable in all healthy 
interactions. This suggests some universal features that will be the focus of future study 
with English-speaking and Japanese-speaking parents and infants. 

(3) I predict that there will be co-ordinated temporal regulation of communication 
between mother and infant. It is expected that future study will reveal that both in the 
mother's speech and in the infant's imitative vocalisations, presentation, synchronisation 
and imitation of vowels will play a major role in marking the temporal patterning of 

phrases in interactions, and show how they will be used as a principle means by which 
temporal aspects of expression of emotional affect is regulated both by parent and infant. 

METHOD 

Subjects 

Seven mother-infant pairs volunteered to take part in the project. They were 
informed that the study was for the purpose of gaining a description of parent-infant 
vocalisations. All of the mothers were English-speaking and they all lived with their 
husbands or partners. Confidentiality was assured, and the mother's written permission 
was obtained for using film and DA T recordings of their interactions for research purposes. 
Mothers were given a copy of their own video to keep. 

Each pair were filmed and recorded once every two weeks over a period of three 
months. Due to illness and holidays, filming/recording sessions where not always every 14 
days. The range of difference in time between filming is shown in figure 1 below: 

Filming sessions took place in the mother and infants' home. They were arranged 



Table 1 Infant Identification Code and Gender. 
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I 

• Age on 2nd session 
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! • Age on 6th session. 

Figure 1 Age of Infant at each filming session. 

to be at a time when each infant was rested and had been fed. Recording equipment was 
set up and the mother and infant were given time to habituate to the camera. They were 
asked to playas they normally would. Each session lasted for 20minutes. 

Analytic Procedure 

All of the videos were first pre~viewed in their entirety to get an idea of the 
relationship between each mother and her infant. The events during each session were 
noted. Special attention was given to the points at which the infants vocalised. One~ 

minute segments were chosen from each session, for each mother~infant pair. The 
segments contained samples of spontaneous communicative interaction, and either child~ 
directed song or rhythmic vocal play. The main criterion for inclusion of a segment was 
defined as a period during the session where both partners are contributing vocally. 
Where possible recording of each segment was initiated at the beginning of a 'narrative 
event' that contained vocal contributions from both partners. A narrative event is a 
sequence of actions or behaviours that can be perceived as having a beginning, middle and 
an end. Recording was stopped after one minute. 

Microanalysis of Video Data 

Microanalysis of the video data was carried out to examine unambiguous, verbally 
defined categories for the infants. Co~ordinated expression, movement and affect were 
the main parameters for close examination. A validated category system (Trevarthen 
and Marwick, 1982) was used. The use of this system allowed detailed description of the 
communicative behaviours that occurred between each mother and her infant over the 
three~month period. 

A one~second time~interval was the unit of microanalysis. Behaviours were coded 
and graphically represented for each infant. A behavioural category was defined as 

occurring when it was evident for at least 500ms. To ensure that coding was valid, a 
researcher who was unfamiliar with the Communicative Musicality Model and who is from 
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an entirely different theoretical discipline (Business Management) was given a short 

training session in the coding system. The system was demonstrated once to the volun­
teer, and then she practiced several times asking questions until she felt confident that she 
understood the categories and familiarised herself with the equipment. She was then left 
alone to re-code samples chosen at random. She coded 15% of all data sheets and scores 
for each sample were compared, the mean of all scores was calculated and inter-rater 
reliability was established at 87.8%. 

Acoustic Analysis 
Acoustic analysis was carried out on the initial segments of the first session recorded 

for each infant, to make clear how the mother is giving emphasis to the affective features 
of her communication. Only the first segment was used in this initial test of the method. 
The idea was to separate temporal features (rhythm) from pitch and quality and to chart 
the development of narrative progressions in expression. To do this, corresponding DAT 

recordings for each segment were transformed into wave files and then recorded onto re­
writable CDs to allow the sound files to be easily transportable and as a means of managing 
the large files involved. Wave files were created using SoundForge 4.5 PC software. This 
software allows the sound file to be analysed whilst it is being listened to. 

The wave files were then analysed using Hypersignal PC software (Malloch, 1997). 

This software is based on methods described by Brown (1991, 1992) and it produces 
spectrographs of the acoustic data permitting segmentation of temporal features from 
pitch and quality. This gives a clear picture of how the mother is giving emphasis to 
affective features of her communication (bridge between speech and song) and enables a 
clear description of the overall rhythmic structure of the interactions. 

Linguistic Analysis 
Spectral compositions of the vowels produced by both mother and infant were 

compared with the aid of Praat software. Strong-weak syllables (were the stress is on 
the consonant and the vowel is weaker) or single vowel sounds taken from the chosen 
segments were subjected to a primary pitch, intensity and formant analysis. 

The present study provides a brief introduction to formant analysis of the vowel 
sounds. Analysis of formant patterns (especially patterns found in fundemental and first 
formants) is useful because it is information provided to the listener in these formants that 
allows discrimination of vowels and identification of the next sound to be made (Crystal, 
1992) . 

The Praat program applied a spectro-temporal analysis using parameters of time 
step (in the present case this was set at O.Olsec), maximum number of formants (this was 
set at 5, the normal adult range) and pre-emphasis frequency (50 Hz). The latter is an 
algorithm that calculates the value of each sample period of sound to reflect (and in 
relation to) the sound sample before it. This program was used to look at mother's 
imitations and matching of infant vowel sounds enabling an examination of the quality 

aspect of the sound. 
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RESULTS 
General Findings 

Powers 

A detailed case study was built up for each mother and her infant. This allowed a 
precise description of vocal and non-vocal communication for each pair. A small sample 
of the data will be used to illustrate the findings. 

Table 2 below, shows the overall cumulative frequencies of communicative behav­
iours shown by video analysis for each infant, over the three months of the filming period. 
Table 2 shows that negative arousal states, avoidance, self-directed behaviours and 
recalcitrance decrease as the infants' ages increase. Playful behaviours involving 
objects, such as co-operative games, increase with the age of the infants. Table 2 also 
allows a comparison between individual infants. 

It is important to mention some general points for consideration. During data 
collection some 'expectancy effect' was evident in the subjects' behaviour. Mothers 
often worked quite hard to elicit vocalisations from their infants and expressed concern if 

Table 2 Overall Frequencies of Video Analysis Behaviours. 

Behavioural Categories Infants (Age range in Weeks) 

JAK HO IS JAN RO AI LI 

(7-22) (23-33) (22-35) (28-43) (32-56) (36-51) ( 46-59) 

arousal 1 50 17 43 37 12 4 

arousal 2 200 303 317 323 341 356 359 

arousal 3 59 40 4 1 

arousal 4 19 3 

positive affect 160 323 326 326 342 360 356 

neutral affect 165 16 28 30 11 4 

angry 2 

anxious 

sad 24 11 5 5 

attend face 57 31 52 46 54 30 47 

attend hands 263 312 285 294 301 330 309 

avoid 30 17 23 11 :5 4 

playful 164 338 329 339 342 360 354 

recalci tran t 175 22 22 21 18 6 

utterances 46 57 69 87 63 58 75 

prespeech 24 109 69 75 155 94 132 

exploratory /performative 162 341 317 315 356 356 352 

self -directed 2 9 53 36 14 

imitates 4 3 3 12 

try 2 1 25 

track 148 150 102 80 149 156 

reach/hunt 31 238 239 121 154 222 194 

pre reach 1 14 

cooperative transfer 1 6 6 

cooperative game 6 58 38 44 94 
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their infants were quiet. This, however, did not cause them to deviate greatly from their 
normal communications with their child. All of the mothers demonstrated joy and fascina­
tion when their infant smiled or made any other overt communicative gestures, whether 
they were being filmed or not. The mothers seemed to grow less aware of the camera over 
the time of filming (none of them felt comfortable singing in the first session), whereas the 
infants seemed to become more aware of it. 

Although the mothers had individual differences in parenting methods and styles, 
they all shared some general similarities. They all adopted the characteristics of mother­
ese' infant-directed' speech. They exaggerated their intonation, and pitch range and 
they used simpler words that they repeated often. They all gave verbal explanations of 

their own actions and the actions of their infants. All of the mothers demonstrated actions 
and the use of toys for their infant. They exaggerated and slowed down their movements, 
often vocally producing the noise made by the animal or toy. They all asked their infants 
questions for example, every mother asked their infant at some point during the filming 

" are you telling a story?" and many other questions were asked to enquire about what the 
infants were doing at that point, giving insight into the mothers' interpretations of the 
infants' actions and affective states. 

All of the mothers gave constant assessment of or investigation into their infant's 
motives and emotional states, and they changed their communicative patterns to maintain 
a positive affective balance. Most of the time the mother's attribution of an emotional 
state appeared to be appropriate and it seemed that the infants were skilled in regulating 
their mother's attention depending on their emotional needs at any given time. The type 
of instruction/communication changed as the infant developed. 

All mothers imitated the vocalisations made be their infants. That is, they mat­
ched the sound, sometimes exaggerating it (by lengthening the vowel sounds) or repeat­
ing it several times. They also imitated facial expressions, hand gestures and actions. 
The infants produced language specific stress patterns and preliminary formant analysis 

indicated that there are interesting structural properties of their utterances, that change 
over time. 

All of the infants had individual differences in behavioural patterns and personal­
ities, but they also demonstrated similarities in some features of their communicative 
attempts. For example, they all exhibited a sense of humour. They all performed for 
the researcher, showing off their tricks, smiling and flirting. They all developed an overt 
interest in the camera and recording equipment as the sessions went on. All of the infants 
produced avoidant behaviour when the mothers' responses were non-contingent. 

Both mother and infant altered their communication depending on how they felt, for 
example if they were tired. All of the mothers spent time just quietly watching their 
infant chatting or playing and they all smiled whilst doing so. The mothers varied as to 
how much time they spent doing this, some hardly did it at all while others spent long 
periods during the filming session quietly watching their infant. This was particularly 

evident as the infants got older and began to show more autonomy and interest in objects. 
There was a lot of evidence to suggest that communicative behaviours were tempor­

ally organised. Communicative behaviours do not remain rhythmically constant. They 
appear to form a dynamic, functional system that is adapted and regulated by both mother 
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Figure 2 Spectrographic Analysis for JAK. 

and infant, to express and maintain positive emotional affect. Complete spectrographic 
analysis was carried out for each mother and child. Spectrographic examples are shown 
below. Temporal patterns were measured and are shown by the vertical lines. Infant 
vocalisations are marked with boxes. 

The spectrograph shown in figure 2 gives an example of the temporal regularities 
found in all of the communication that was examined. This spectrograph shows communi­
cation between a mother and her 7-week-old son. The infant cries and the mother uses 
a repeated intonational pattern to try and sooth her infant. Her overall temporal pattern 
has many regularities and her intonation contour falls to indicate completion of each unit 
in the sequence. The infant's cry and his vocalisation (in the first 4 seconds of the 
spectrograph) when combined measure the same as the mother's general pattern. This 

indicates that he has some representation of the temporal pattern established earlier in the 
interaction by his mother and has some ability to match it. His mother has established her 
temporal pattern in an effort to maintain positive affect in her son. She repeats a simple 
pattern, producing combinations of rhythmical units in response to his emotional message. 
The temporal pattern is formed around pauses and vocalisations and it appears that both 
mother and infant vowel sounds give saliency to the rhythmical units of the interaction. 

Figure 3 shows a 23-week-old infant vocalising with her mother. The spectrograph 
shows how vocal communication for this mother-infant pair is structured around a rhythm 

that is established by the mother making clicking noises with her tongue. The infant 
vocalises in the third second of the spectrograph, producing a vowel sound with recognisa­
ble formants. Her temporal pattern is a division of the pattern her mother sets and her 
intonation falls slightly at the end as if to complement the rhythmical structure that is 
already established. When the infant vocalises, her mother leaves a pause of the same 
length as the infant's vocalisation and then in the fourth second of the spectrograph she 
produces an extended vowel sound, also recognisable by its layers of formants. The 
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mother's vocalisation takes the form of a reply to her infant's sound and it matches the 
frequency of the infant's sound. 

The preliminary analysis of vowel sounds suggested that vowels are placed at key 
points throughout the overall speech stream. Mothers lengthened their vowel sounds and 
when their intonation was exaggerated, it was the vowel sounds that provided the basis for 
this exaggeration. Infants produced strong vowel sounds that were strongly associated 
with the expression of emotional affect. However, a comprehensive examination showing 
the exact phonological and temporal information is beyond the scope of the present 
research and it is hoped that this will be examined in future research with English-speaking 
and Japanese-speaking dyads. 

DISCUSSION 
The findings of the present research support many of the theories presented in the 

introduction. In particular, the Communicative Musicality Model (Malloch, 1997, 1999) 
is shown to be a viable and useful method that has potential use in both descriptive and 
quantitative research. The present research also confirms Malloch's findings that the 
mothers are acting to maintain a "balance in their joint exploration of pitch space" 0999, 
p40) . 

Imitation of infant vocalisations was evident in all of the mother-infant pairs in the 
present study. This was independent of the infant's age and was apparent in all of the 
sessions. The mother's imitations of the infant's vocalisations appear to have some kind 
of representational purpose. Exaggerations and repetitions reinforce the original sound to 
the infant and this often resulted in the infant attempting to make the same sound again. 
The infants sometimes imitated the mother's exaggeration of their original sound. This 
may in some way strengthen neural connections that help them to establish language 
specific stress patterns in a simple (syllabic) form in the infant's brain. 

Research by James Morgan 0995, 2000) demonstrated that infants who were 
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exposed to English between the ages of 6 and 9 months, showed a preference for the 
strong-weak stress pattern characteristic of English prosody. The infants showed this 
preference for both syllabic and word boundaries. Before the age of 6 months, Morgan 
found that the infants showed no preference. Cutler (2000) also found that infants had no 
preference for language-specific prosody before the ages of 6 months. Her work was a 
part of an international project that aimed to give description of the' Music within words " 
comparing prosodic features in Belgium, Canada, France, the Netherlands, Spain and 
Britain. In an interesting experiment she filtered the acoustic signal presented to infants, 
leaving only prosodic information. Infants around the age of 9 months continued to show 
a preference for their mother tongue. Cutler concluded that infants are relying on 
prosodic features for identification of boundaries. 

Mehler (2000) worked on the same project and he found that French neonates at the 
age of 3 days could distinguish the prosodic breaks at word level. The infants could detect 
prosodic features from French and Spanish. Both of these languages have very different 
prosodic structures. For example, French prosody stresses the last syllable in a word, 
whereas in Spanish prosody, stress changes with each word (to determine it's meaning) 
and pitch is also used to mark word endings. Mehler suggests that the neonates have an 
innate capacity to detect prosodic features of all languages and that some development 
occurs between the ages of 6 and 9 months that will focus their attention onto specific 
prosodic features characteristic of their own language. 

Research has shown that linguistic experience has placed constrictions on infants' 
abilities to perceive phonetic constituents of speech (Kuhl, 1998). By the age of 6 months, 
the infant's brain will have become more selective in the phonetic characteristics that it can 
distinguish. The present study provided evidence that several factors were interacting at 
this stage in development. Vocal utterances became more advanced, the infants produced 
language specific stress patterns, they became increasingly mobile and much more aware 
of a larger environmental space. 

It is during this period that secondary intersubjectivity is developed. The present 
research provided a wealth of evidence to support the idea that infants begin to take 
initiative in co-operative games around the age of 9 months (Trevarthen and Hubley, 
1979; Trevarthen, Murray and Hubley, 1981). The mothers reacted to this development 
by taking more of a back seat. They sat quietly watching and smiling as their infants 

directed the play, demonstrating toys only when requested to do so by the infant, or when 
the infant was in obvious difficulty. Play with objects became more central in the interac­

tions. 
Six-months is also the period when the normally developing infant will begin to 

, perform' for others (Trevarthen, 1994). All of the infants in the present study were 

progressively more interested by the researcher and the filming equipment. For some of 
the infants the last sessions were characterised by repeated attempts to get close to, and 
explore, the camera. All of the infants displayed a strong awareness of, and a desire to 
communicate with, the researcher. They all displayed anxiety when their communicative 
attempts were ignored because the researcher was too busy filming (or did not want to 

distract the infant from communication with the mother), and did not respond. As they 
developed, the infants displayed more flirting behaviour and increased the time they spent 
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looking at the camera. They often involved the researcher In their games and the 
researcher in turn, often became caught up in the temporal co-ordination of the interac­
tion. This is not surprising however, and serves as an indication of the infants' desire to 
communicate (Trevarthen, Murray and Hubley, 1981) and the importance of contingent 
responses for infant well being (Murray, 1992; Robb, 1999). 

All of the mothers in the present study produced more exaggerated intonation when 
they were talking to their infants and they moderated the timing of their vocal and non­
vocal communicative behaviour based on their infant's behaviour. The mothers seemed to 
work to maintain an optimum level of affect (Malloch, 1999; Trevarthen, 2000). 

My findings on vowels are, at present limited and will involve further study before 
they can be subject to a valid comparison with linguists characterisations of the language 
as to timing of stresses, vowel complexity, tones and vowels. The present findings 
provide a lot of evidence to support the idea of Wittman and Poppel's high / low frequency 
temporal fundamentals. However, the results also suggest that the idea of a neuronal 

clock is perhaps too rigid a description for the complex processes that are occurring on 
many levels. Descriptions gained in the present study suggest that various emotional 
factors have to be taken into consideration. It may be that the 30ms / 3s serves as a 
common optimum level to which the dyads work to maintain but more detailed description 
is needed of the dynamics of expression before the coordination of vocalisations in time can 
be explained. 

Questions Still Remainin 
Further study is intended to address some of the many questions that still remain. 

Acoustic analysis needs to be extended further over a wider sample of the present mother­
infant communications. A more detailed pitch and timbral analysis is required to under­
stand how maternal vowels are utilised and how this changes with the development of each 
infant and to reveal the ways in which maternal vowel use changes as the infants get older. 
Infant vowel production and the ways in which infants manipulate their vowel production 

to express their affect and to draw their mother's attention to more subtle aspects of their 
communication, also requires a more detailed examination over time. 

Practical Application of Communicative Musicality 
There are many practical applications of the Communicative Musicality method. It 

is a useful tool in many research settings were detailed examination of communicative 
interactions is necessary. The model allows an objective visual description of normal 
communication and highlights the complex patterns that create meaning in communica­

tion. The method can be usefully applied for determining when there are developmental 
delays in communicative ability. This method can highlight the precise areas in which an 
individual may have difficulties and so could be used to look at communication between 
parents, carers and teachers and the children in their care. 

The method has been used successfully, to highlight other difficulties in mother­
infant relationships, such as postnatal depression (Murray, 1992; Robb, 1999) and ac­
culturation (Gratier, 1999). The method has shown precisely how communication is 
altered when the mother's mental health or state of well being is challenged, and this would 
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allow it to be used in a clinical (preventative and etiological) setting. Those who work 
in a therapeutic situation where verbal/non-verbal therapies are important (Coulter and 
Loughlin, 1999) have expressed interest in using the model to gain more understanding of 
how therapy works, or how it can be improved (Loughlin, 2000). 

Conclusions 

Conclusions can be drawn about the nature of early communication and the intersub­
jective foundations for learning meaning and language. Normal interactions between 
parents and their infants are characterised by complex dynamic interactions between 
different modalities. These interactions are driven by intersubjective motivation to 
participate in communication that allows both partners to anticipate the other's motives 
and allow contributions from both partners 

It can also be concluded that the Communicative Musicality Method is a useful 
descriptive tool. It allows a comprehensive and detailed analysis of acoustic data that is 
necessary when trying to describe something as rich and complex as communication. 

The present findings show that normal mother-infant communication requires both 
partners to actively assess and regulate the other, on an overall temporal level and at a 

more specific phonological level. 
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