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“There’s no such thing as a baby, only a mother-baby unit”.
 (Winnicott, 1952)
Voorwoord

Deze thesis bevat een onderzoek met een nieuw en zelf uitgewerkt onderzoeksopzet, resulterend in nieuwe bevindingen in het domein van Infant Directed (ID) Speech en de interactie tussen moeder en baby. Het afgelopen jaar heeft me geleerd dat het uitwerken van een nieuw concept een proces is dat tijd en ruimte vraagt. Tijd om af en toe terug te blikken en met kritische blik over de schouder te kijken naar het tot dan toe afgelegde parcours. Ruimte in de zin van mentale ruimte om je te herpositioneren in het perspectief dat wordt gevormd door omringende vragen en opmerkingen van experts. Omdat ik van de veronderstelling ben dat een bewandelde weg minstens even betekenisvol is dan het uiteindelijke resultaat wil ik via deze thesis naast het onderzoeksresultaat ook dit vormingsproces meegeven. 

In het voorwoord zal ik het verloop van dit proces schetsen, de reflecties, het telkens opnieuw bijschaven van de methodiek, het rijpen van de ideeën, de samenwerking… 

Een jaar en drie maand geleden vroeg professor Loots mijn medewerking als muzikant om te luisteren naar fragmenten van ‘Infant Directed (ID) Speech’ met de vraag of hierin misschien muzikale aspecten hoorbaar waren. Ik besloot ook muzikant Pol Vanfleteren mee te brengen en samen met Sara Deschuyffeleer, Wolfgang Jacquet  en professor Loots beluisterden we enkele mama’s in een vrij spelmoment met hun 3-maand oude baby. Die eerste luisterronde gaf mij en Pol meteen een impressie van een verhaal dat door een mama niet alleen via een sterk emotioneel expressieve taal wordt verteld (Trainor, Caren, Austin, & Desjardins, 2000) maar bovendien een hoge graad van suspense en opbouw bevat met gelijkaardige timing en spanningsaspecten als in een muzikale compositie. Dit wekte onze interesse om meer in detail te gaan luisteren. We namen enkele geluidsfragmenten mee naar huis en besloten om deze in partituur te zetten. Hoewel ik schrik had dat we ons op een zeer fictief niveau begaven, groeide er een stille verwondering of het zou kunnen dat het niet zozeer de taal van de moeder zou zijn dan wel de interactie tussen moeder en baby die muzikale relaties zou kunnen bevatten. Trainor en zijn collega’s (2000) suggereerden dat emotionaliteit in ID speech sterker aanwezig is dan in Adult Directed (AD) Speech omdat het doorgeven van een betekenis via de ratio van het woord nog geen optie is in ID speech. Misschien is er voor die emotie wel een concrete vatbare taal voorhanden zoals die wordt aangediend door muziek? En misschien zit die taal niet zozeer vervat in ID Speech op zich maar in een vorm van muzikale relatie tussen de ID Speech van moeder en de uitingen van haar baby. 


We begonnen te luisteren en vonden al vlug een patroon dat zich op zeer regelmatige basis voordeed op die momenten dat de baby deelnam in de conversatie: moeder en baby bleken op bepaalde momenten in het gebruiken van hun tonen een tonaal kader te delen gebaseerd op de boventonenreeks en op andere momenten gebaseerd op anhemitonsiche pentatoniek (terminologie en fenomeen op zich worden beiden uitvoerig uitgelegd in het artikel). Bovendien bleken mama en baby elkanders toonhoogte en intervallen op verbazingwekkende wijze te imiteren. Was dit toeval? We gingen naar een volgende baby en nog één en nog één … neen, het was geen toeval. Wel kwam het in sommige dyades meer voor dan in andere. We nodigden de andere mensen van het onderzoeksteam uit bij ons thuis en lieten hen meeluisteren. Met behulp van onze aanwijzingen hoorden zij het ook. Maar toen begon het pas. “Hoe is zoiets mogelijk?”, was mijn eigen eerste spontane reactie. Daarom verdiepte ik mij in de literatuur van perceptueel onderzoek bij volwassenen en baby’s, muzikale verwerkingsmechanismen en natuurgebonden aspecten van muziek. De link ligt blijkbaar al jaren te roepen, alleen werd hij nooit gehoord (zijn lokroep zal in het artikel worden uitgelegd). 


Vol geloof in onze ontdekking, begon ik te schrijven. Maar het rationaliseren van een auditief fenomeen op een manier die schriftelijk kan overtuigen, bleek geen gemakkelijke opgave. Dit laatste deed ons op de klippen lopen in de eerste instuurversie van het artikel. Onze methodiek was niet genoeg onderbouwd en we kregen een spervuur van vragen zoals: hoe wij het concept ‘muziek’ definiëren;  hoe wij ons verantwoorden in het verschil tussen de frequenties zoals die zich verhouden in een natuurlijke boventonenreeks en de frequenties van de toegeschreven notennamen volgens een welgetemperde (westerse) stemming; hoe wij zo zeker waren aan een glijdend patroon van ID speech en baby-vocalisaties notennamen te kunnen toekennen; waar wij onze grens van toegestane afwijking trokken tussen het matchen van een frequentie aan een bepaalde notennaam aangezien we niet naar geschoolde zangers maar wel naar sprekende mama’s luisterden; waarom we slechts de eerste 2min30 van 8 mama’s beluisterden terwijl we over een databank van 29 mama’s beschikten met telkens 5min fragment; hoe die ‘muzikale’ momenten verdeeld waren over die 8 mama’s… Verder kregen we een les in gerichtheid van onderzoek. Terwijl een artikel doorgaans één belangrijke onderzoeksvraag behandelt, wilden wij er drie bespreken. Echter de aanmoedigende woorden van twee van de drie reviewers in de zin van het belang van onze nieuwe bevindingen en het geloof in aangereikte ideeën, gaven me de energie om er terug tegen aan te gaan.


De drie maanden die daarop volgden, stortte ik me in een nauwkeurige analyse waarin ik niets meer aan het toeval overliet. Ik breidde mijn databank uit van 75 naar 558 interactiemomenten wat de mogelijkheid tot meer betrouwbare statistiek creëerde. En ik moest aan mezelf toegeven dat er in onze methodiek een subjectief keuzemoment aanwezig was bij het toekennen van notennamen aan de klanken van moeder en baby die zich in een glijdend patroon voordeden. Als muzikant hoor je een glijdende klank en je haalt daar nu eenmaal de meest opvallende tonen uit, namelijk die tonen die in je korte termijn geheugen worden opgenomen en kunnen onthouden worden. Maar dit is wel een subjectieve keuze. Omdat ik zeker was dat onze perceptie juist was, ben ik op zoek gegaan naar een consequent en logisch patroon in deze perceptie dat we op een gestructureerde manier konden uitleggen. Door de werking van twee frequentieanalyse computerprogramma’s te onderzoeken, begreep ik al snel waarop deze beiden programma’s zich baseerden om hun frequentiewaarden toe te kennen. Vooral een tweede programma “Melodyne” (Celemony-software) was hiervoor zeer behulpzaam omdat het ook klankpatronen tracht te transcriberen naar notennamen. Ik vond een logica en verklaring voor de momenten waarbij mijn gehoor niet correspondeerde met de analyse van Melodyne of de momenten waarbij de twee programma’s ook geen consensus vertoonden. De methodiek die zich uit dit zoekproces ontwikkelde zal uitgelegd worden in het artikel. Door op deze nieuwe en meer gestructureerde manier te werk te gaan, kwamen we tot een zeer hoge interbeoordelaars betrouwbaarheid van 91,01 (Cohen’s κ). De interactiemomenten waarover geen consensus werd bereikt legde ik voor aan een jury van 12 professionele muzikanten om de observatie nog betrouwbaarder te maken (zie artikel). 


Een ander nieuw gegeven in de analyse was de toevoeging van een temporele afbakening van de interactiemomenten. Met behulp van het frequentieanalyse programma “Cool Edit Pro” (Syntrillium Softwares) kan de duur van een fragment zeer nauwkeurig vastgelegd worden. Op die manier kon ik een antwoord bieden op de vraag hoe de geselecteerde interactiemomenten verdeeld waren over de verschillende dyades. Bovendien bleek deze temporele analyse ons een bron van nieuwe -mogelijk ontwikkelingsrelevante- gegevens op te leveren (zie artikel).


De discussie over muziek die door de reviewers op tafel werd gelegd, namen we zeer ernstig. Met de andere muzikant Pol Vanfleteren hield ik lange gesprekken over de betekenis en afbakening van het concept “muziek”. We besloten deze term te verlaten en te praten over tonaliteit. Tonaliteit sluit sterk aan bij het concept van een boventonenreeks en kan aan een universele benadering van toonvorming gelinkt worden in die zin dat harmonieken met hun natuurgerelateerde verhoudingen de basis van tonaliteit vormen doorheen crossculturele muziekstelsels (Sadie, 1980). Muziek daarentegen is eigenlijk eerder een culturele afleiding hiervan, namelijk datgene wat de mens ermee gaat doen. Bovendien bevat de term een impliciete verwijzing naar de aanwezigheid van een tonaal centrum wat een extra betekenis verschaft aan de interactiemomenten tussen moeder en baby. 

Met behulp van de degelijke reviews, is het artikel veel meer gefocust en rijker in conclusies geworden zowel wat betreft de onderbouwing van suggesties als het uitlijnen van mogelijk verder onderzoek. 

In de thesis zal u verder het herschreven artikel vinden dat nu in submissie is bij “Infant Behavior and Development”. In de versie voor de thesis werden de figuren terug ingevoegd om de leesbaarheid te bevorderen. Vervolgens geef ik in een nawoord nog enkele ideeën mee op niveau van intersubjectiviteit enerzijds en biologie anderzijds. Deze aansluitingspunten werden ook verwerkt in een aspirant aanvraag voor een onderzoeksproject. In bijlage vindt u de reviews.
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ABSTRACT

This study newly presents synchrony based on tonal analysis of vocal interactions between 15 mothers and their 3-month-old infants during 5 minutes of free play in a laboratory setting. In total, 558 vocal exchanges were identified and analysed. Eighty-four percent of the vocal exchanges reflected a harmonic or pentatonic series. Another 10% contained absolute and/or relative pitch and/or interval imitations. Vocalisations based on harmonic series appeared organised around the major triad, containing significantly more simple frequency ratios (octave, fifth and third) in relation to a ‘tonal centre’ than complex frequency ratios (non-major triad tones). The total durations of dyads being in tonal synchrony were normally distributed. The average duration of one tonal interaction period (M = 3.71, SD = 2.44) corresponded with the temporal architecture of Stern’s (2004) concept “the present moment”. Results are discussed in terms of possible meanings of tonal synchrony and suggestions for further research.  

KEYWORDS: Tonal Synchrony; Mother-Infant Vocalisations; Infant-directed Speech;  Harmonic Series; Pentatonic Series.  

Interaction synchrony between mothers and infants during the first months of life is generally accepted as a core feature of the quality of early mother-infant interaction and as a foundation for the later socio-emotional development, cognitive development and language acquisition of the child.  Interaction synchrony - broadly defined as the temporal coordination of behaviours, affective states, and biological rhythms between mother and child - has been investigated extensively as: (a) a match or co-occurrence between the behaviours or affective states of mother and child, (b) the sequential relations between the behaviour of one partner and the following behaviour of the other, and (c) the ongoing lagged associations between the mother’s and infant’s stream of behaviours (e.g., Condon & Sander, 1974a, 1974b; Cohn & Tronick, 1987; Feldman, 2006, 2007; Feldman, Greenbaum, Yirmiya, & Mayes, 1996; Kaye & Fogel, 1980; Lester, Hoffman & Brazelton, 1985; Schaffer, 1977; Stern, 1985, 2002;  Weinberg & Tronick, 1994). 


In addition to gaze, affect, proximity, affectionate touch and physical contact, mothers’ speech has been recognized as a powerful tool to create interaction synchrony (Gratier, 2000, 2003; Jaffe, Beebe, Feldstein, Crown, & Jasnow, 2001; Miall & Dissanyake, 2002; Malloch, 1999/2000; Papousek, 1992; Schögler, 1998; Stern, 2002). Many studies have shown that Infant-Directed (ID) speech is characterized by specific features that differentiate it from Adult-Directed (AD) speech. Mothers raise their pitch, enlarge their pitch range, use highly exaggerated pitch contours, create more rhythm, slow down their tempo, repeat sounds and elongate their vowels when speaking to their infants (Fernald, 1992; Fernald, 1993; Fernald & Simon, 1984; Fernald, Taeschner, Dunn, Papousek, de Boisson-Bardies & Fukui, 1989; Gratier, 2003; Grieser & Kuhl, 1988; Papousek, 1992; Stern, Spieker, & MacKain, 1982; Stern, 2002).  

Several functions have been ascribed to the specific features of ID speech. Some authors emphasize that ID speech is functional to obtain or maintain the attention of infants (Cooper & Aslin, 1990; Fernald & Simon, 1984; Papousek, 1996; Werker, Pegg, & McLeod, 1994), to communicate affective information to the infant (Trainor, Caren, Austin, & Desjardins (2000), and to aid language learning and communication skills acquisition (Stern, 2002; Jaffe et al., 2001; Papousek, 1992). Trainor et al. (2000) used the five acoustic features that define the ID speech style (pitch, pitch contour, pitch range, tempo, and rhythmic contour) to compare samples of ID speech with those of emotional AD speech. They found only a few acoustic differences between the two. In comparison to the more inhibited expression of emotion in typical adult interactions, what was peculiar to ID speech was the widespread expression of emotion. 


Other scholars emphasized the musical qualities of ID speech and pointed to the musical nature of mother-infant communication (Fernald, 1984; Fernald, 1989; Papousek, 1996; Trevarthen, 1999/2000). According to Malloch and Trevarthen (2008), early common musicality creates companionship. It encourages sharing coordinated embodied space and time and facilitates and energizes meaning in communication. Malloch (1999/2000) used music as a model to examine the vocalisations of a mother-infant dyad acoustically. In addition to temporal interaction sequences, he described matches in pitch between mother and infant and variations in timbre in the mother’s speech. In other studies, the preverbal communication between mother and infant has been compared to a jazz improvisation (Schögler, 1998; Gratier, 2000) because of the rhythmic improvised character of the coordinated interactive narratives (Schögler, 1998). Bergeson and Trehub (2007) suggested that mothers have their own signature in their way of talking to their infant, but questioned the appearance of a real musical structure. 


In the present study we report an auditory analysis of the vocalisations of mothers and infants based on the phenomenon of harmonics. We suggest that ID speech and vocalisations in early mother-infant interactions are characterized by the joint construction of harmonic and pentatonic series as well as imitations of these harmonics. 


Before continuing we would like to mention that, like Eckerdal and Merker (2008), we approach labelling sequences of pitches as ‘music’ with caution. The authors described music as a recognizable pattern of pitch and rhythm to which one can return. We think it is important to underline that the element of cultural influence cannot be eliminated when speaking of music. Therefore, in this study, we do not speak of ‘music’, but prefer to use the word ‘tonality’. Cross-culturally, music has one common nature-related aspect: namely, sound. And almost every sound in our environment is a multi-tone complex consisting of a number of simultaneous pure tones called harmonics, nature tones or overtones. As we will explain in more detail below, harmonics can be accepted as a natural foundation of our Western tonal harmony system. Together with pentatonic series, they can be considered as cross-cultural and universal tonal aspects. The human voice also produces tones rich in harmonics. Already in the womb, an infant is surrounded by these natural ratios of the harmonic series produced by its mother’s voice. A foetus is able to identify the maternal voice (Kisilevsky, Hains, Lee, Xie, Huang, Ye, Zang & Wang, 2003) that is internally transmitted via body tissues and bones (Lecanuet, 1996). An unpublished work of Petitjean (1989 in Lecanuet, 1996) revealed that human bone structure appears to be an excellent conductor of harmonics through the spine and pelvic arch. 

            The sound of a human voice and most of the musical instruments we know consist primarily of simple harmonic series, but can also contain complex inharmonic series. The vibrations of a simple harmonic series can be defined as a tone. A complex inharmonic sound is not perceived as a tone, but as is the case with a snare drum, as a noise or indefinable sound. In this study we will consider the concept of simple harmonic series and refer to them from now on as ‘harmonics’. Figure 1 shows the hierarchic structure of a harmonic series. When a string –as an analogy to the vocal cord- is brought to sound, we perceive the lowest fundamental frequency (first harmonic or harmonic number 1) as the most salient component. But a few softer sounding harmonics will resonate together with this fundamental frequency (harmonic numbers 2 to 16 in Figure 1). These harmonics blend or harmonize with the fundamental frequency and give the impression of a single tone (Sadie, part 8, p. 165). The relative strength of each harmonic generates the quality, or colour, to the tone heard. 

As a result of the natural distribution of the energy through the vibrating string, the string will not only vibrate as a whole, but also as two halves, three parts, four parts and so forth (Sadie, 1980). Therefore, the frequency of every harmonic in a harmonic series is a multiple of the lowest fundamental frequency (see Figure 1: 55Hz-110Hz-165Hz and so forth). Doublings of a frequency (musical term: octaviation) are perceived as being similar (Dowling & Harwood, 1986) -even by infants (Demany & Armand, 1984). Therefore harmonic numbers 2, 4, 8 and 16 are all octaviations of the fundamental frequency (harmonic number 1) and obtain the same note-name. In this study we exclusively consider the other harmonics in relation to this fundamental frequency and its octaviations. From now on we will designate the fundamental frequency and its octaviations as the ‘tonal centre’ (for more explanation, see Figure 1). 
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Figure 1 Harmonic series built on A. Under the notes are mentioned the frequency (Hz), the note-name and the harmonic number. Harmonic number 1 is the fundamental frequency or first harmonic, harmonic number 2 is the second harmonic and so forth. The frequency of every tone is a multiple of the fundamental frequency. These relations are expressed in ratios. For example, harmonic number 3 is related to harmonic number 2 (octaviation of the fundamental frequency) with the ratio 3:2. This study considers the harmonics in relation to the fundamental frequency and its octaviations: what we call the ‘tonal centre’. The tones of the tonal centre are indicated by the rectangles. For example, harmonic number 6 is related to the fourth harmonic (ratio 6:4 = ratio 3:2) and not to the fifth harmonic. 

The ratios, as obtained in figure 1, deviate slightly from the ratios between intervals that are used in an equal tempered system. In equal temperament an interval -usually the octave- is divided into a series of equal frequency ratios. In our Western music system, the common tuning system is twelve-tone equal temperament which divides the octave into 12. This equal-tempered system can be measured in cents, which divide the octave into 1200 cents. So, in a twelve-tone equal temperament, which divides the octave into 12 equal parts, one semi-tone corresponds to 100 cents. As a result of this recalculation, the frequency, and thus, also the ratio, between two tones, differs from the just intonation of the natural ratios (see table 1). The difference between the exact value in a twelve equal tempered system and the just intonation in cents of a harmonic never exceeds 50 cents. So, in agreement with  the common frequency-analysis programs, we accepted a deviation up to 50 cents above or under a note for assigning a note-name to a harmonic.

Table 1  
Overview of the intervals and the differences in cents between equal-tempered system and just intonation.

	Name

	Cents in 

equal-tempered system
	Cents in just intonation
	Difference

	
	
	
	

	Unison
	0
	0
	0

	Minor second
	100
	111.73
	+11.73

	Major second
	200
	203.91
	+3.91

	Minor third
	300
	315.64
	+15.64

	Major third
	400
	386.31
	-13.69

	Perfect fourth
	500
	498.04
	-1.96

	Tritone
	600
	582.51
	-17.49

	Perfect fifth
	700
	701.96
	+1.96

	Minor sixth
	800
	813.69
	+13.69

	Major sixth
	900
	884.36
	-15.64

	Minor seventh
	1000
	968.826
	-31.91

	Major seventh
	1100
	1088.27
	-11.73

	Octave
	1200
	1200
	0


It was already Pythagoras who suggested that the simpler the frequency ratio between two tones, the more consonant (i.e., a pleasant and stable sound sensation produced by 2 tones) they will be perceived. The octave (2:1) and fifth (3:2) are the only intervals that have maintained their status of perfect consonance throughout the history of Western music (Sadie, 1980, part 6, p.543). The octave, as it forms the boundary for scales cross-culturally, has been labeled as the ‘focal point’ in cross-cultural music (Meyer, 1956, p.63, p. 231). The octave (harmonic numbers 1, 2, 4, 8, 16), the fifth (harmonic numbers 3, 6, 12) and the third (harmonic number 5, 10) correspond to the tones of the Western major triad that grants its consonant character to its simple frequency ratios (2:1; 3:2; 5:4). Research supports that infants (Schellenberg & Trehub, 1994; Zentner & Kagan, 1998) as well as adults (Koelsch, Fritz, von Cramon, Müller & Friederici, 2006; Blood, Zatorre, Bermudez & Evans, 1999) prefer music based on simple frequency ratios and suggests that this preference might be biologically prepared (Papousek, 1996; Schellenberg & Trehub, 1994, 1996a; Trehub, 2001; Zentner & Kagan, 1998). People appear to have a particular predisposition to process simple frequency ratios in a different way than complex frequency ratios. There may therefore be, as is the case with birds (Marler, 1990), innate learning preferences. Simple frequency ratios settle more easily as a stable perceptual representation in our minds than complex frequency ratios (Schellenberg & Trehub, 1994). Children and adults without any musical education (Schellenberg & Trehub, 1996a), as well as infants (Schellenberg & Trehub, 1996b), can more easily detect changes in intervals related to simple frequency ratios compared to complex frequency ratios. Helmholtz (1863) was the first to give a plausible, but not necessarily unique, explanation for the phenomenon of consonance and dissonance between two tones in the unique behaviour of their harmonics. The simpler the ratio between the fundamental frequency of two tones, the more harmonics they have in common. For example, two tones an octave apart share all their harmonics, while in the interval of a tritone (the most complex frequency ratio 11:8), for example, no identical harmonics are shared (Narmour, 1988, pp. 142-150). 


Some musical systems bridge over the octave by five tones and are therefore called pentatonic series. For this study we want to mention one pentatonic series –the anhemitonic pentatonic- so called, because it is built out of ascending fifths, or simple frequency ratios 3:2. Starting from the fundamental frequency, this fifth upward is made four times. When we place these five tones inside the octave, we obtain a scale without semitones (ratio 16:15) (see Figure 2) that is perceived as extremely consonant and relaxing. It is therefore used as a basis for many children’s songs. We consider the anhemitonic pentatonic scale as a cultural deduction of a universal tonal aspect. Since 2000 BC (Kennedy, 1994, p.485), pentatonic music systems have occurred cross-culturally throughout the five continents (Sadie, 1980, part 14, p. 353) (see Figure 2). 
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Figure 2. (a) Ascending fifths or simple frequency ratios 3:2 starting from an F (F-C-G-D-A). Together they form the tones of a pentatonic scale. (b) The five notes of bar (a), placed within an octave, form the F- pentatonic scale (F=number 1; G=number 2; A=number3; C=number 4; D=number 5). (c) Nobody knows (Negro-spiritual based on the F-pentatonic scale). The numbers above the notes refer to the notes of the pentatonic scale in bar (b).

Besides the clear link with the harmonic series there is an important differentiating aspect between both. The tone of the third fifth starting from the fundamental frequency (D or tone 5 in Figure 2) makes up the major sixth in relation to the fundamental frequency. This major sixth in relation to the fundamental frequency does not occur in the harmonic series. The pentatonic scale thus has four communal and one unique tone in comparison to the harmonic series. 

METHOD
Participants

This study is part of a larger longitudinal research project on mother-infant interaction during the first two years of life. Twenty-nine mothers were recruited during childbirth information sessions for pregnant women at two different academic hospitals (XXX and XXX). Interested candidates were contacted after childbirth and asked if they still agreed to participate in the study. After signing an informed consent, mothers were invited at the university for audio and video recordings of free play sessions when their infants were 3, 6, 9, 12 and 18 months old. The recordings took place when the infant was in an awake and alert state. For the current study, we randomly selected the recordings of 15 mother-infant pairs that were taken when the infants were 3 months old. All infants were healthy, first-born children. They were full-term born and had a 1-minute Apgar score of 7 or more. At the time of the first recordings, all 15 mothers were between 25 and 33 years old (M = 29,53y, SD = 3,48y). All mothers were native Dutch speakers. Except for one, all of them received at least three years of higher education. The mean number of total years of education was 15,60 years (SD = 2,29y). 

Apparatus


For the audio and video recordings of the mother-infant play sessions, a specific observation laboratory was designed at XXX  (Jiang, Geerinck, Patsis, Kog, Loots, Verhelst & Sahli, 2007). Four pan-tilt-zoom dome cameras (Panasonic WV-CS950) and two clip-on directional microphones (Shure Microflex MX184) were used. The PC displayed a 4-way split-frame. The audio-analyses were made by two professional musicians with the help of two frequency-analysis programs, Cool Edit Pro version 2.1 (Syntrillium Softwares) and Melodyne version 3.2.1.5 (Celemony Softwares GmbH). 

Procedure


Observation sessions at the laboratory were scheduled no longer than 10 days after the infants became 3 months old. A session consisted of a semi-structured interview about pregnancy and the first three months of motherhood, a Bayley Scales of Infant Development, Dutch version (BSID-II-NL; van der Meulen, Ruiter, lutje Spelberg & Smrkovsky, 2000), and at 12 and 18 months also a Mc Arthurs’ Communicative Development Inventories, Dutch version (N-CDI; Zink & Lejaegere, 2002). After testing, mother and infant were observed in free play sessions in another part of the room. For the recordings at 3 months, the mother sat on a chair and the infant was placed in an infant seat on a table. Play sessions lasted 15 minutes: 5 minutes without a toy, 5 minutes with a standard toy (according to the age of the infant) and 5 minutes with a toy the mother had brought from home. For this study we only used the recordings of the condition without a toy. Every dyad got one minute of interaction playtime before cameras started recording to give them time to habituate to the lab situation. During the play sessions the researcher sat in an adjoining room in order to follow the video and audio recordings. There were no interruptions except to give instructions for the next 5-minute condition. After the play session mother and infant were invited to the control room to watch and comment on the recordings.  

Data Analysis


Every vocal sound of the infant (i.e., when the vocal cords vibrated, producing a definable sound that could be reliably translated to a pitch) was selected as meaningful for analysis. Sounds produced by the infant like breathing, coughing, sighing and clacking of the tongue that could not be translated into a pitch and did not require activity of the vocal cords were excluded from analysis. Some vegetative sounds that were not meant as vocalisation but to which a pitch could be easily attributed (as was often the case when the infant hiccupped) were included when the sound was followed by a response of the mother adapting her vocalisation to the pitch of the infant’s involuntary sound.  


The vocalisations of the infant were expanded by the preceding and/or succeeding vocalisations of the mother to define interaction moments of mutual vocalisations. For this we began by analysing the vocalisations of the mother before and after the selected utterances of the infant. In these mutual vocalisations we searched for a tonal context in terms of harmonics or pentatonic series. When we found a tonal context that preceded the utterance of the infant we analysed backwards and took the first tone of the tonal context as the onset of the interaction moment. When we found a tonal context that succeeded the utterance of the infant we analysed forwards until this tonal context ended. We took the last tone of the tonal context as the offset of the interaction moment. These ‘Tonal Interaction Moments’ (TIM) were temporally marked out. It is worth notice that these TIMs did not always appear analogous to the grammatical structure of a sentence. In other words, the grammatical beginning or ending of a sentence did not automatically correspond with the onset or offset of a TIM. 


A general speech pattern is relatively easy to transcribe into discrete notes because of the natural segmentation into syllables. However, ID-speech and some utterances of the infants often show a continuous course (i.e., a slide, glissando, portamento or fluctuation) that lends itself less to segmentation in view of a reliable and discrete pitch transcription. Therefore it was necessary that professional musicians listened to these utterances in order to deal with less clear segmentations. Two musicians trained themselves with the help of two frequency-analysis programs, Cool Edit Pro and Melodyne, and reached an inter-rater reliability of 91,01 (Cohen’s κ). Each of these programs offers their own merits. The program Cool Edit Pro yields a visual representation of the acoustic signal in a spectrogram obtained by a Fourier analysis. A detailed time-course of frequency is offered by providing precise temporal information regarding the onset and offset times of interaction moments. By this it is possible to define precisely the duration of every tonal interaction moment and the duration of the pauses between them. Melodyne has different capabilities, offering a visual display of the fundamental frequency in an acoustic signal over time and some energy-related information as a calculated mean pitch based on volume-course and duration. The visual display gives a clear view of the pitch at the onset and offset of an acoustic signal and of the most important possible discrete ‘pitch-stations’ in a continuous course pattern. We want to emphasize that every sound a human voice is expressing, even when produced by a professional singer, always contains a natural fluctuation (Seashore, 1967). In our study this fluctuation often appeared in the form of a very fast glissando, initiating or expanding the salient pitch of an acoustic signal. In using the Melodyne software, we included this salient pitch for analysis (inter-rater reliability of 91,01 (Cohen’s κ)). However, we often observed slow glissandos that could not be considered a fluctuation around one salient pitch. Unlike Melodyne, which calculates the mean pitch of a whole glissando, we interpreted such a slow glissando as one that consists of two salient pitches: namely, the onset and offset pitches of the glissando (inter-rater reliability of 91,01 (Cohen’s κ)).


By assigning note-names we make use of the equal-tempered paradigm tuned to a standard pitch of 440hz for an A. This equal-tempered system does not correspond perfectly with the frequencies of a harmonic series. So when we want to include the harmonics in the equal-tempered system, an adjustment to the closest note-name is required. Just as with Cool Edit Pro, for assigning a note-name, we accepted a deviation up to 50 cents above or under a note. As such, it is important to mention that the difference between the exact value in a twelve equal tempered system and the just intonation in cents of a harmonic never exceeds the norm of 50 cents (see table 1). Strictly theoretically speaking, the A 440 standard should not be necessary in this study because we are looking for relations and ratios between pitches in terms of pentatonic scales and harmonics which implies a relative, and not an absolute, way of listening. Thus, in some cases, the relative distance between two notes perceived by ear did not correspond with the translation from pitch to note-names of the computer programs. For instance, when a frequency analyzer registers a very low G#(-48) followed by a very high C#(+48), the program will note a fourth (G#-C#) instead of a fifth (G-D) that a musician would hear by ear. The interaction moments that showed this problem were all selected and presented to 12 professional musicians who were uninformed about the goal of the research. They could listen to the fragments as many times as they wanted and answered questions like: “Which distance do you hear: a second, third, fourth, fifth…”; “Do you perceive the following tones as the same?”; “What kind of chord do you hear?”. This meant that they were asked to listen in a relative and not absolute manner. Twenty out of 31 interaction moments for which the answers of at least 9 out of 12 musicians agreed were included for further analysis. The other eleven interaction moments that did not reach this consensus were excluded from further analysis. 

RESULTS

Tonal Interaction Moments (TIM)


Of the total 558 interaction moments studied, 470 (84,23%) interaction moments contained clear tonal aspects. We referred to these as ‘Tonal Interaction Moments’ (TIMs). Within these TIMs, we obtained two categories: (a) TIMs based on the harmonic series (334 or 71,06%) (see examples in Figure 3) or (b) TIMs based on a pentatonic series (136 or 28,94%) (see examples in Figure 4). These TIMS often contained absolute and relative pitch/interval imitations. We will discuss them in more detail below.

Other Interaction Moments


Of the total 558 interaction moments studied, 88 (15,77%) interaction moments did not occur in a tonal context based on harmonic or pentatonic series. Fifty-four (10,31%) of these interaction moments contained absolute and relative pitch/interval imitations (see examples in Figure 4, 5 and 6). The other 34 interactions (6,1%) did not.  
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Figure 3. Three examples of interactions based on a harmonic series. Note. The numbers above the notes in the mother-infant interaction refer to the harmonic number in the harmonic series as explained in Figure 1.
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Figure 4. Five examples of pentatonic interactions. Above each example are the corresponding scale and numbers referring to the corresponding notes. Note. Some of the examples also contained some pitch or interval imitations (more explanation concerning imitations follows in the text below). You can see this in the similar numbers above the notes. Example 1 shows an absolute pitch imitation (the first response of the infant on number 1 or Ab). Example 2 contains an absolute interval imitation (second response of the infant on numbers 2-1 or notes D-C). Example 3 contains a relative (i.e., an octaviation) pitch imitation (response of the infant with number 4 or G#).
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Figure 5. Four examples of imitations. Note. Example 1 first shows a relative pitch imitation: mother imitates her infant on the A one octave lower (A*). In turn, the infant imitates his mother on absolute pitch (F#-F#). Example 2 contains an absolute pitch imitation on Ab. Example 3 shows an absolute interval imitation (ratios 4:3 and 16:9 in the vocalisation of the mother are mirrored by the infant). In example 4 the mother imitates relative tone intervals of the infant (16:15 and 9:8). 

Tonal Interaction Periods (TIP)


Most of the TIMs appeared on their own as a separate moment, however we observed TIMS that formed a chain with one or more other TIMs. Mother and infant continued in a successive chain of tonalities, and thus possibly used different categories, without making a break in between. It is comparable to a modulation in a piece of music. The music goes on, but along the way the key changes. Sometimes the utterance of the infant was a common tone for both tonalities (see Figure 6). When a TIM was preceded or succeeded by another TIM with less than 1500ms in between, it was counted as one Tonal Interaction Period (TIP). So, a vocalisation pause between two TIPs lasts at least 1500ms, and one TIP can contain one or more tonalities. This recombination resulted in 361 TIPs. 
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Figure 6. Example of a TIP consisting out of a TIM based on a harmonic series and a TIM based on a pentatonic series. The arrow points to a utterance of the infant that is part on the one hand of the preceding harmonic series C, being harmonic number 9, and on the other hand of the succeeding pentatonic series F, being the fifth tone. Notice the absolute pitch imitations of mother and infant on a D or harmonic number 9/pentatonic tone 5. 

Temporal Analysis of the TIPs


The average duration of the sum of TIPs per dyad (i.e., the average duration that a dyad was in tonal synchrony) during the free play session (4min 50s) was 89.37s (M = 89.37s, SD = 33.93). A one-sample Kolmogorov-Smirnov Test showed a normally distributed pattern for the distribution of the total duration of tonal synchrony for a dyad (n=15, z=0.468, p=0.981). 


The average duration of one TIP was 3.71s (M = 3.71, SD = 2.44) in a range of 0.713s to 13.257s. The percentage of the TIPs situated in a range of 1-10s was 96,67 (12 outliers). 

Observed Ratios in Relation to the Tonal Centre


A tonal analysis on the level of the appeared ratios that were used within the harmonic series indicated that both the mother’s and the infant’s vocalisations were organised around the major triad or the most simple frequency ratios. Together and independently they made significantly more use of major triad-tones (e.g. the fundamental frequency, the fifth or the major third) than of non-major-triad tones (Mother + Infant together: 68,77%; Mother independently: 67,71%; Infant independently: 71,34%) (see table 2 and Figure 7).


  The distribution of the observed ratios in relation to a tonal centre differed significantly from an equal distribution (Mother-Infant Chi² (7, N = 2136) = 1243.59, p = 0.000; Mother Chi² (7, N = 1508) = 888,20, p = 0.000; Infant Chi² (7, N = 628) = 376,66, p = 0.000). Table 2 shows a strong indication for a hierarchic order in line with the harmonic series observed in these ratios of mother and infant vocalisations . This text only mentions the significant percentages. Mother and infant together made significantly more use of the octave (or tonal centre) than the fifth (637 (29,82%) octaves against 426 (19,94%) fifths)). As the difference between the fundamental frequency and the fifth was significant for the mother only (465 octaves (30,84%) against 274 fifths (18,17%)), this result was defined by the mother’s contribution. There was no significant difference between the appearance of the fifth and the major third. Mother and infant together made significantly more use of the major thirds than minor sevenths (406 major thirds (19,01%) against 308 minor sevenths (14,42%)), with a significant contribution of the infant (124 major thirds (19,75%) against 77 minor sevenths (12,26%)). The minor seventh was significantly more observed than the major second by mother and infant together (308 minor sevenths (14,42%) against 221 major seconds (10,35%)), with a significant contribution of the mother (231 minor sevenths (15,32%) against 155 major seconds (10,28%)). Both mother and infant together and independently made significantly more use of the major second than the tritone (Mother + Infant together: 221 major seconds (10,35%) against 58 tritones (2,72%); Mother independently 155 major seconds (10,28%) against 40 tritones (2,65%); Infant independently 66 major seconds (10,51%) against 18 tritones (2,87)). The more complex frequency ratios (tritone, minor sixth and major seventh) were used only rarely (see table 2 and Figure 7).

Table 2

Estimation of a single population parameter: Overview of the observed confidence intervals (95% significance level) in the harmonic series in percentages. (*=significant)

	INTERVAL
	MOTHER + INFANT
	INFANT
	MOTHER

	
	
	
	

	Octave (2:1)
	29.82 [27.88; 31.76]*
	27.39 [23.90; 30.88]
	30.84 [28.50; 33.17]*

	Fifth (3:2)
	19.94 [18.25; 21.64]
	24.20 [20.85; 27.55]
	18.17 [16.22; 20.12]

	Major Third (5:4)
	19.01 [17.34; 20.67]*
	19.75 [16.63; 22.86]*
	18.70 [16.73; 20.67]

	Minor Seventh (16:9)
	14.42 [12.93; 15.91]*
	12.26 [9.70; 14.83]
	15.32 [13.50; 17.14]*

	Major Second (9:8)
	10.35 [9.05; 11.64]*
	10.51 [8.11; 12.91]*
	10.28 [8.75; 11.81]*

	Tritone (45:32)
	2.72 [2.03; 3.40]
	2.87 [1.56; 4.17]
	2.65 [1.84; 3.46]

	Minor Sixth (8:5)
	1.87 [1.30; 2.45]
	1.91 [0.84; 2.98]
	1.86 [1.18; 2.54]

	Major Seventh (15:8)
	1.87  [1.30; 2.45]
	1.11 [0.29; 1.94]
	2.19 [1.45; 2.93]

	
	
	
	

	Major Triad 

(8th + 5th + 3rd)
	68.77 [66.81; 71.72]*
	71.34 [67.80; 76.97]*
	67.71 [65.35; 71.16]*

	Non Major Triad

(min7th + maj2nd + tritone + min6th + maj7th)
	31.23 [29.26; 33.21]
	28.66 [25.13; 32.23]
	32.29 [29.93; 34.68]
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Figure7. Overview of all the intervals that appeared during tonal interaction moments within a harmonic series.

Imitations


Infants matched their mother’s pitch either in absolute or in relative terms two times more than mothers matched their infant’s pitch (99 absolute pitch matches of the infant against 44 absolute pitch matches of the mother; 96 relative pitch matches of the infant against 52 relative pitch matches of the mother). Mothers and infants also imitated frequency ratios or intervals in one another’s successive vocalisations either in absolute (i.e., an identical interval is repeated on the same pitch) or relative terms (i.e., an identical interval is repeated starting from a different tone). Thirteen interval imitations by the infant (6 absolute and 7 relative interval imitations) and 17 interval imitations by the mother (3 absolute and 14 relative interval imitations) were observed. 


When imitations took place in a harmonic series, the tones of the major triad were favoured by both mother and infant. Mother and infant made together and independently significantly more use of major triad-tones than of non-major-triad tones in their imitations. In 74, 55% of the cases mother and infant together imitated each other by using tones of the major triad (165 tones) (Infant independently: 72,57% (113 tones) and Mother independently: 78,85% (52 tones)). The tritone, minor sixth and major seventh were never imitated: not by mothers, nor by infants. There are indications that the appearance of the imitations reflects the hierarchy of the harmonic series, however these trends were not significant at the required 95% level (see table 3 and Figure8).

[image: image8.emf]Imitations reflecting a harmonic series

n

infant

 = 113, n

mother

 = 52

0%

20%

40%

60%

80%

100%

Infant Mother Mother&Infant

MAJOR 2

MINOR 7

MAJOR 3

FIFTH

OCTAVE


Figure 8. Overview of the intervals that appeared during imitations that took place within a harmonic series Note. Notice the large part played by major triad tones. 

Table 3
Estimation of a single population parameter: Overview of the observed confidence intervals (95% significance level) of the intervals in the imitations occurring within a harmonic series  in percentages. (* = significant)

	INTERVAL
	MOTHER + INFANT
	INFANT
	MOTHER

	
	
	
	

	Octave (2:1)
	33.94 [26.71; 41.16]
	33.63 [24.92; 42.34]
	34.62 [21.68; 47.55]

	Fifth (3:2)
	23.64 [17.15; 30.12]
	21.24 [13.70; 28.78]
	28.85 [16.53; 41.16]

	Major Third (5:4)
	16.97 [11.24; 22.70]
	17.70 [10.66; 24.74]
	15.38 [5.58; 25.19]

	Minor Seventh (16:9)
	13.94 [8.65; 19.22]
	13.27 [7.02; 19.53]
	15.38 [5.58; 25.19]

	Major Second (9:8)
	11.52 [6.64; 16.39]
	14.16 [7.73; 20.59]
	5.77 [-0.57; 12.11]

	Tritone (45:32)
	0.00
	0.00
	0.00

	Minor Sixth (8:5)
	0.00
	0.00
	0.00

	Major Seventh (15:8)
	0.00
	0.00
	0.00

	
	
	
	

	Major Triad 

(8th + 5th + 3rd)
	74.55 [67.90; 85.25]*
	72.57 [64.34; 85.36]*
	78.85 [67.75; 98.36]*

	Non Major Triad
	25.45 [18.81; 31.71]
	27.43 [19.21; 35.30]
	21.15 [10.05; 31.26]


Tritone Analysis


TIPs that contained one ore more tritones could be categorised in three situation-conditions: (a) ‘neutral condition’ (37,21%), where the tritone did not fulfil any specific function; (b) ‘attention’ (34,88%), indicating TIPs during which the mother was trying to catch the attention of the infant; and (c) ‘discontentment’ (27,91%), where the mother was reacting to a state of discontentment of the infant (e.g. being hungry, not sitting comfortably, getting tired…)(see Figure 9).
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Figure 9. The percentages of the observed tritones within three different situations.

DISCUSSION

Starting with the different features that have to be assigned to ID speech, we presented a detailed tonal analysis that revealed a new concept that has not yet been described in the literature: “Tonal synchrony”.  Tonal synchrony covers a vertical tonal analysis combined with a horizontal temporal analysis. During a tonal interaction period (TIP) a mother and infant exchange vocalisations based on tonal aspects. Tonality has a different meaning than music, as the word ‘music’, to us, inevitably implies a cultural influence. Tonality, in its own way, can be considered as an underlying basic level that contains universal nature-based aspects, such as the harmonic series with its simple frequency ratios from which cross-cultural musical systems can be derived (Meyer, 1956). During vocal exchanges between mother and infant, these tonal aspects appear in a temporal-based pattern that contains basic aspects of synchrony such as simultaneous vocalising and successive turn-taking with a clear lead-lag structure. 


Almost 85% of the 558 interaction moments studied in our observations contained one or more tonal aspects in terms of harmonic series, simple frequency ratios and pentatonic series, often intertwined by a mirroring pattern of pitch and/or interval imitations. Concerning the claim of Bergeson and Trehub (2007) that “the component intervals of maternal tunes had little resemblance to conventional music intervals or to the structure of musical sequences, which makes it unlikely that music is the source of tunes in IDS” (p.652-653), and the conclusion of Eckerdal and Merker (2008): “… none of the infant capacities and behaviours we have dealt with are in any way specifically related to music”, we stress –based on our findings- that ID speech can be linked to music in a specific way. ID speech and music seem to share the same universal source, namely harmonics. More than 70% of the TIMs reflected a harmonic series. Interestingly, when mother and infant vocalised within a harmonic series, their vocalisations were principally organised around the major triad. Within this major triad, the tonal centre was omnipresent. The hierarchy of the harmonic series and the ubiquity of the simple frequency ratios are possibly so prevalent in human life that even an infant seems to incorporate it. These preferences can possibly be connected to research showing that infants perceive changes more readily within the major triad than within, for example, an augmented triad (Trainor & Trehub, 1993b). Also in line with the hierarchic structure of the harmonic series, the next most used harmonic was the minor seventh. The major seventh however was observed very rarely, possibly as a result of the preference for simple frequency ratios over complex frequency ratios. Although the minor seventh also forms a complex frequency with reference to the fundamental frequency, it possesses a much less tense relationship, as it is located a whole tone or major second (ratio 9:8) below the octaviated fundamental frequency, whereas the major seventh is positioned a semitone or minor second (ratio 16:15) below the octaviated fundamental frequency. Semitones are experienced as dissonant and we suspect that for this reason they are less used in a tonal communication framework. This supposition is supported by the clear presence of the major second (harmonic number 9) in the vocalisations. Strikingly, in jazz and blues, the term ‘bluenote’ denotes the frequent construction where the minor seventh is placed upon the major triad. So indeed, ID speech does resemble jazz music- not only rhythmically (Gratier, 2000; Schögler, 1998), but also tonally. Within the interactions, the tritone was sometimes used. Knowing that the tritone is the most complex frequency ratio (11:8), thus more complex than for example the major seventh, and experienced as extremely dissonant, we suspect its salient property might fulfil an attention-regulating or discontentment-communicating function. 


A second category –pentatonic series- accounted for almost 25% of the TIMs. As an anhemitonic pentatonic scale is built out of ascending simple frequency ratios 3:2, we consider this cross-cultural deduction as a universal tonal aspect. It is important to understand that the harmonic and pentatonic series have the major triad and the major second in common. The difference between both, however, can be found in the major sixth in relation to the fundamental frequency. The major sixth forms part of the pentatonic series, being the fifth note (see for example in Figure 2: D or tone number 5) but is not found in the harmonic series. Conversely, the minor seventh belongs to the harmonic series and does not appear in the pentatonic series. Moreover, they do relate to each other as a semitone. This is possibly why we never found the major sixth and the minor seventh within the same TIM. 


Another interesting interval is the fourth with reference to the fundamental frequency, which neither belongs to the pentatonic series (however the interval is a simple frequency ratio in relation to the third harmonic), nor to the harmonic series. It was never used within the TIMs or TIPs. Had one used the fourth in relation to the fundamental frequency, it would not only have introduced a note that does not belong to one of the series, but it would also have altered the harmonic series and with it, the tonality. A fourth interval always moves toward the fundamental frequency, as one can see between the harmonic numbers 3 and 4, but never away from the fundamental frequency. A fourth upward on a fundamental frequency transforms the fundamental frequency to the fifth of a new harmonic series of which the fourth becomes the fundamental frequency. To conclude, mother and infant appear to prefer tonality above simple frequency ratios.


Pitch-matching has been described in a few studies of young infants from 0-6 months (Gratier, 2003; Kessen, Levine, & Wendrich, 1979). However, other research studying infants between 8-12 months reported against pitch-matching (Siegel, Cooper, Morgan, & Brenneise-Sarshad, 1990). One study described adults that adjusted to their infant’s pitch but not the other way round. In this study we observed 291 pitch imitations and 30 interval imitations. Moreover, an infant matched his mother’s pitch twice as much as a mother matched her infant’s pitch. Ninety percent of these imitations occurred within a harmonic or pentatonic series. And in almost 75% of the cases within a harmonic series, the tones of the major triad were favoured by both mother and infant –almost as if they wished to confirm their co-created tonality to one another. In contrast, the minor sixth, the tritone and the major seventh were never imitated. Possibly, a tonal context of simple frequency ratios triggers more imitations by an infant, and thus more infant-mother interactions, than a context of more complex frequency ratios. We wonder if the absolute pitch imitations are a form of reflexive mirroring exchanges comparable to those in facial and gestural modalities (Meltzoff & Moore, 1994; Stern, 2002) that serve as a way of attuning to each other’s psychophysiological state. 


The rich presence of tonal aspects in an early mother infant dyad could be considered an ontogenetic mirroring of Darwin’s phylogenetic suggestion (1872/1965) that “the progenitors of man probably uttered musical tones before they had acquired the power of articulated speech … when the voice is used under any strong emotion it tends to assume a musical character” (p.86).  As such, we would like to claim that, in contrast to Pinker (1997) –for whom any form of music has no functional advantages and who disconnects an innate linguistics from acquired musical components- tonal aspects possibly accomplish a hierarchical function primary to linguistics to provide us with emotional intuitive-based information.


The temporal analysis showed a normally distributed pattern of the total duration of tonal synchrony for a dyad. Further research could shed light on the exact meaning of this pattern. Earlier research from Beebe, Feldstein, Crown, and Jasnow (2001) regarding vocal rhythm coordination revealed a relation between a mid-range vocal rhythm matching and secure attachment, whereas both low and high vocal rhythm matching was related to an insecure attachment. The possibility of analogous relations between tonal synchrony and developmental aspects such as bonding, attachment and emotional availability must be investigated.


During the interactions, a ‘mother-lead-infant-follows structure’ (mother initiated a new TIP in 64,5% of the cases) was dominant. This does not correspond with earlier research that suggests an ‘infant-lead-mother-follows structure’ at 3-4 months of age (Feldman et al., 1996). However, this structure did not seem to be unnatural to us. Taking into account the scarcely developed vocalisations of an infant at that age in comparison to its mother, the infant has less of an ability to lead this dialogue. 


It has already been described how a mother responds to an infant’s capacity to detect contingence between discrete events in the behaviours of the dyad and its environment (Condon & Sander, 1974; Feldman, 2007). Until now this description has been limited to temporal-based aspects. Tonal synchrony however, adds a contingent aspect based on the hierarchical order of the harmonic series that might supply the mother-infant attunement with an extra intuitive stream of information on the intersecting planes of time and emotion. The difference between tonality and atonality has everything to do with stabilising and destabilising an atmosphere. This means that tonality can exchange messages that embody signals of tension or relaxation on a pre-reflective level. We observed a likewise time-course through which mother and infant alternately ‘tune in and out’ into one another in alternating tonal and non-tonal interaction moments and/or periods. The average duration of one TIP counts 3,71s with a range of about 1s to 10s (12 outliers). These timing aspects correspond remarkably well with the temporal architecture of Stern’s (2004) concept of “the present moment” that has been connected to aspects of “communicative musicality” in a mother-infant relationship (Malloch & Trevarthen, 2008) : “ a special kind of story—a lived story that is nonverbal and need not be put into words. A temporal contouring of affective experience, a kind of vitality affect, serves as the backbone of the plot of this lived story”. This study indicates that universal tonal aspects seem to be the link between “the present moment” and “communicative musicality”. 

An important remark on this study is the fact that we made a comparison between a natural-based frequency scheme of the harmonic series and the frequencies related to the note-names of an equal-tempered system. The most important deviations are (see table 2) minor seventh (-31.91 cents), tritone (-17.49 cents), minor sixth (-13.69 cents), major third (+13.69 cents) and major seventh (-11.73 cents). This means that the two most common intervals in this study (almost 50%) –the octave and the fifth- have very little deviation. However, the major third and minor seventh also played an important part in the vocal exchanges (33%). When the 12 musicians did not obtain a consensus, post-interviews showed that this was often the consequence of a hesitation in differentiating between either a minor third and major third or a sixth and minor seventh. Further research must reveal if a mother-infant dyad instinctively approximate the natural ratios of the harmonic series instead of the equal tempered ones. 


We believe this study may open new pathways for empirical research and may possibly have clinical applications in situations where bonding difficulties occur between mothers and their infants. Infant Mental Health Services attach a great importance to the vocalisations of an infant, considering it as the motivational dynamic pivot of the relationship (Fraiberg, 1980). Further research must reveal the meaning of these tonal aspects for a child’s development. 
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Nawoord

Tonale synchroniciteit en Ontluikende Intersubjectiviteit

Deze studie kan belangrijke vraagtekens plaatsen bij de huidige perspectieven op intersubjectiviteit in de ontwikkelingspsychologie. De meeste definities –zelfs deze die intersubjectiviteit conceptualiseren als een aangeboren capaciteit (e.g., Trevarthen & Aitken, 2001)- veronderstellen dat, om intersubjectiviteit aan te gaan, er een vorm van bewustzijn van eigen subjectiviteit aanwezig moet zijn. Op deze manier wordt intersubjectiviteit gereduceerd tot de subjectieve ervaringen van de interagerende personen, verwijzend naar een gewaarwording van gedeelde ervaring (Raver & Leadbeater, 1995; Stern, 1985; Trevarthen & Hubley, 1978), “sympathetic consciousness” (Trevarthen, 1998) of meer recent intergerelateerde geesten (Beebe, Knoblauch, Rustin, & Sorter, 2005). Tonale synchroniciteit is een vorm van intersubjectiviteit die zich afspeelt op een intuïtief en prereflectief niveau. Moeder en baby vallen samen in een gedeeld tonaal kader, op een manier die geen bewustzijn van subjectiviteit vereist, in de vorm van een tonaal tonenspel dat zich spontaan ontwikkelt in de interpersoonlijke ruimte tussen hen. Op momenten van “tuning in” –dus wanneer zij tonaal synchroniseren, bevinden zij zich op een intuïtief niveau waar subjectiviteit geen rol meer speelt, integendeel, het zou de intersubjectiviteit zelfs verstoren. De versmelting met elkaar en het samenvallen van de interagerende subjecten met een natuurgerelateerd geheel dat zich buiten alle ratio afspeelt, doet mij eerder denken aan een monade in plaats van een dyade. En dat brengt mij terug bij Winnicott (1952): “There’s no such thing as a baby, only a mother-baby unit”. 


Op die manier wordt er een antwoord geboden op het oorspronkelijk opzet van de studie, namelijk om een maat te vinden voor die “ontluikende intersubjectiviteit”. Volgens de recent uitgewerkte intersubjectieve ontwikkelingstheorie van de vroegtijdige ouder-kind interactie ontwikkelt intersubjectiviteit zich in de interpersoonlijke ruimte tussen ouder en kind in termen van ontluikende (0-2 maanden), fysieke (2-8 maanden), existentiële (8-13 maanden) en symbolische (vanaf circa 13 maanden) intersubjectiviteit (zie Loots & Devisé, 2003; Loots, Devisé & Sermijn, 2003). Intersubjectiviteit wordt op deze manier gedefinieerd als een sequens van interacties van gedeelde betrokkenheid in een reciproque uitwisseling. Deze theorie is gebaseerd op het concept van radicale intersubjectiviteit (corresponderend met ontluikende en fysieke intersubjectiviteit) en egologische intersubjectiviteit (corresponderend met existentiële en symbolische intersubjectiviteit) van Crossley (1996) –die zich op zijn beurt liet beïnvloeden door de “Ik en Jij” relaties van Martine Buber (1923/1976) en Edmund Husserl’s concept van empathische intentionaliteit (1929/1973)- en geïnspireerd door de interpersoonlijke ontwikkelingstheorie van Stern (1985). Het thema van  openheid en betrokkenheid tot de ander zonder zichzelf of de ander te zien als aparte entiteiten en zonder enige reflectief bewustzijn te handhaven ten opzichte van jezelf of die ander staat centraal in deze werken. Het is net dat wat we in deze studie waarnamen. De aanzet van een tonaal interactiemoment door de ene, veroorzaakte een tonaal resonerende respons bij de ander die op zich weer een nieuwe respons bij de ene ontlokte tot een gedeeld gevoel van tonaliteit werd bereikt. 

Tonale synchroniciteit en vagale stimulatie

Biologische ritmes in een vroege moeder-kind interactie worden aanvaard als de basis en voorspeller voor latere sociale ritmes in de vorm van synchroniciteit (Feldman, 2006; Feldman, 2007; Porges, 2003). Ademhaling –en hartritmemetingen zijn een dankbare meting geworden om veronderstellingen te maken over fysiologische gebeurtenissen bij volwassenen en baby’s (Feldman, 2006; Field & Diego, 2007) omdat zij voorzien in een non-invasieve en accurate maat voor de cardiale vagale tonus aan de hand van Respiratory Sinus Arrythmia of RSA (Fouad, Tarazi, Ferrario, Fhigaly, & Alicandri, 1984; Porges, McCabe, & Yongue, 1982). RSA is de uitdrukking van de koppeling tussen het hartritme en het ademhalingsritme. Gedurende een ademhalingscyclus treedt er een natuurlijke variatie op in het hartritme gereguleerd door het Autonoom Zenuwstelsel (AZS) tengevolge van externe en interne invloeden. Dit gedeelte van hartritmevariabiliteit (HRV) laat het organisme toe adaptief te reageren op de omgeving. RSA is een belangrijke deelcomponent van HRV en drukt de parasympatische invloed uit van de nervus vagus -via een mediatie van de nucleus ambiguus- op de sinus-atriale knoop (SA-knoop) (Berntson, Cacioppo, & Grossman, 2007). De snelle adaptieve werking van deze vagale rem staat in voor de flexibiliteit van het organisme en wijst op de relatie tussen RSA en inhiberende structuren (Groome, Loizou, Holland, Smith, & Hoff, 1999). RSA kan als voorspellende index gebruikt worden voor cognitieve en emotionele ontwikkelingen (Doussard-Roosevelt, Porges, Scanlon, Alemi, & Scanlon, 1997; Friedman, 2007) en de mate van moeder-baby synchroniciteit (Feldman, 2006; Moore & Calkins, 2004). Menig onderzoek toonde een duidelijke link tussen prenatale en/of postnatale depressie, premature baby’s (Doussard-Roosevelt et al., 1997; Feldman, 2006; Field et al., 2004) en een verlaagde vagale tonus bij moeder en baby (Wadwha, Porto, Garite, Chicz-DeMet, & Sandman, 1998; Feldman, 2006; Field et al., 2004) met verminderde kwaliteit van moeder-baby synchroniciteit op 3 maand (Feldman, 2006). Wetende dat moeders met een postnatale depressie een sterk afgevlakt of afwezig vocalisatie-patroon hebben en premature baby’s deze vorm van stimulatie gedurende hun periode in de couveuse vaak moeten missen (Fraiberg, 1980), zou de tonale synchroniciteit die in een normale moeder-baby interactie wel aanwezig is (Van Puyvelde, Vanfleteren, Deschuyffeleer, Loots, Vinck, Jacquet, & Verhelst, in review) een vorm van vagale stimulatie kunnen inhouden. Bovendien toonden reeds meerdere fMRI studies de invloed aan van consonante muzikale aspecten - gelijkaardig aan diegenen die wij in onze studie waarnamen - op hersenregio’s (Blood & Zatorre, 2001; Koelsch, Fritz, Cramon, Müller, & Friederici, 2006; Menon & Levitin, 2005; Mitterschiffthaler, Fu, Dalton, Andrew, & Williams, 2007) en hormonen (Grape, Sandgren, Hansson, Ericson, & Theorell, 2003) die eveneens een belangrijke rol spelen in regulatieprocessen van de baby  (LeDoux, 1996; Schore, 1994), zorggedrag van de moeder in dierenonderzoek (Broad, Curley & Keverne, 2006; Champagne, Chretien, Stevenson, Zhang, Gratton, & Meaney, 2004; Swain et al., 2007; Morgan, Watchus, Milgram, & Fleming, 1999; Oxley, & Fleming, 2000) en de vroege bonding tussen moeder en baby bij dier en mens (Insel & Young, 2001; Nelson & Panksepp, 1996; Feldman, Weller, Zagoory, & Levine, 2007). Deze hersenstructuren werden in onderzoek gerelateerd aan de vagale tonus (Groome et al., 1999). Onderzoek bevestigde dat non-invasieve vormen van vagale stimulatie zoals kangaroo-zorg (Feldman & Eidelman, 2003) en baby-massage (Field, 2001) bij premature baby’s en baby’s van moeders met een postnatale depressie de maturatie van vagale activiteit versnelt en de groei, het eetpatroon en emotionele ontwikkeling van de baby gunstig beïnvloedt. Echter, studies naar de vagale stimulatie op niveau van vocalisaties en/of muzikale interventies zijn tot op heden onbekend. Deze invalshoek van moeder-baby interactie kan mogelijk nieuwe wegen openen in empirisch onderzoek binnen dit domein.
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