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VOORWOORD

Wie moet je bedanken als je, met rijke levenservaring,
uiteindelijk een proefschrift schrijft?

De mensen om je heen hebben hun plaats verworven.
Ze staan verderaf of wel min of meer nabij. Je geeft ze
hun plaats in je verleden, in het heden, of in je
toekomst. Wildvreemden kunnen familieleden van je
zijn geworden, terwijl sommige familieleden heel erg
van je zijn vervreemd. Vriendschappen volgen deze
bewegingen.

Het ‘lab’ is mijn wetenschappelijke familie. Net als
mijn biologische familie is het een verzameling
"Eigenheimers”. We scherpen elkaars denken en
waarderen die wederzijdse inspanning meestal zeer.
Ik voel me in beide families thuis.

Dankzij het Nederlands Praeventie Fonds is de kring
om me heen uitgebreid met gezinnen zonder wie dit
proefschrift niet geschreven zou zijn. De afgelopen
periode van stilte is het gevolg van het asociale gedrag
dat bij het schrijuen van een proefschrift hoort.

De vele betrokken-anderen, van buiten het lab en mijn
biologische familie, hebben mij vaak gesteund en
gestimuleerd, soms zonder dat zij zich dat zelf bewust
waren. Hun zeer diverse inbreng is niet in simpele
zinnen te vatten.

Ik dank allen dan ook zonder woorden.
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INTRODUCTION

Abstract

By the time the infant is two years of age, mother and infant usually have
sufficiently specialised their initial communication system to produce
‘grown-up’ conversations. Some children have speech-communicative
problems, for which no physical or mental cause can be found. In that case,
the interaction with the mother is often blamed.

In the literature on early communicative interaction, it is suggested that,
after birth, mother and baby are occupied with less obvious aspects of their
communication system, which have evolutionary bases.

In this thesis an approach is chosen in which mother and infant are seen as
a system that exchanges movements. Intersubjectivity and intentionality,
expressed via the visual and auditory modalities, are fundamental
characteristics of 'being in communication’. The infant gradually comes to
understand speech as ‘just’ an audible message. The mother’s reactions
towards the infant’s sounds are thought to represent turntaking which is
basic in communication systems as well. Intersubjectivity, intentionality,
and turntaking by the mother upon sound productions of the infant are the
three main topics of this thesis.

These three topics have been studied in two mother-girl pairs who were
video-taped monthly in naturalistic home situations during the first two
years of the infant’s life. The interactions of both mothers and their infants
were considered to be quite different already when the infants were four
weeks old. Also, the levels of speech development at the age of two were
different for the infants. By the time they were six years old, one of the girls
was an eager and good speaker, while the other girl's speech was difficult to
understand. She still needed speech therapy which already had started
when she was about three years old.

The interaction of these pairs is described micro-analytically by means of a
multi-channel transcription system for movements. The sound productions
of the infants are coded with a system for the description of speech motor
landmarks, and, likewise, the mother's sound productions with regard to
their sensori-motor functions. This analytic approach of the mother-infant
system was chosen because it is fairly independent from the interpretations
of an observer.

(O



Chapter 1

General introduction

"One cannot hope to understand the child's acquisition of any
system of behaviors without observing the acquisitive process from
the beginning."

Locke (1983, p. 1)

"A speaker may speak as sloppily as the listener permits him to speak”.
This is not only a good phonetician's dictum covering a world of phonetic
problems (e.g. Koopmans-van Beinum, 1980, p. 1), but it could be a
parent's saying as well. It certainly refers to the parent's world for quite
some time after the birth of a baby who will be introduced to that speaking
world.

Most new primiparous parents do not worry about their infant's 'sloppy
sound production' and rely upon the child's future ability to speak
understandably. Their children will speak, and sooner or later they will
speak as full members of society.

The parental expectations are not always met; e.g. the newborn can have
an obvious defect. Parents who have a handicapped baby go through a
grieve process in which several stages can be recognised (e.g. Kiibler-Ross,
1969). It is of major importance for parents to gather more knowledge
about the future consequences of the handicap of their baby. When the
future procedures and therapies are explained, the parents can try to
anticipate upon their tasks (e.g. Stensland Junker, 1979). With cleft palate
infants, the parents should be informed as soon as possible on specific
matters related to the handicap of their baby (Koopmans-van Beinum,
Jansonius-Schultheiss & Van der Stelt, 1990).

Problems in speech communication which originate from obvious causes
such as a cleft palate, hearing loss, or a severe brain injury are not the
topic of this study. The basic curiosity behind this thesis is directed at the
developmental processes that risk to deviate. The parental histories
sometimes can explain their difficulties in building a relationship with
their child, while the problems may have their origin in the baby as well. A
handicap of the baby is not always obvious soon after birth; the infant
may, for instance, have a mild hearing loss. In due course, as the infant is
not developing as expected, parents become concerned and look for either
denial or confirmation of their worries. These worries can become an
obstacle to treatment, when the parents remain in the first stage of their
grieve process for too long. The denying of their infant's problems and the
parents’ following isolation blocks the mastering of their new roles as
parents. An evaluation as early as possible of the developmental problems
is preferable for both the parents and the child.

Speech therapists and clinical linguists often see children because of
'delayed’ speech development. The first step in the treatment is the
exclusion of obvious causes, for example, a mild hearing loss. There is,
however, a group of children with a clean medical history, but having
communication problems. The parents then realise that for such a child



Introduction 3

with speech-communicative problems, even the kindergarten may become
a tough place already.

An easy explanation for the communicative problems can be given by
blaming an abnormal early mother-infant interaction, and assuming the
problems to originate from certain interaction styles during the first years
of life. Speech therapy for the child and hometraining (i.e. explaining the
parents how to interact) is then normally offered as a remedy.

However, prevention of speech-communicative problems would be much
better, both for the parent and the infant. The first step that must be
taken to prevent these 'interactional’ speech-communicative problems, is
the recognition as early as possible of interactions at-risk.

This is not an easy task, as many ways of mother-infant interactions lead
to the 'Rome forum', where people do speak up. Mother and infant pairs
can use a variety of overt communicative behaviours. These behaviours
must be evaluated upon their contribution to underlying continuing
processes in speech development. These processes probably have a multi-
layered character, in which the social affect system is thought to be basic
(e.g. Bullowa, 1979; Bloom, 1993). The development of such a
communication system, initially, is probably largely language-independent
and related to interactional structures. Early mother-infant conversations
are a universal human phenomenon with, probably, evolutionary roots in
the prosodic aspects (e.g. Levelt, 1989; Fernald, 1992). Infants learn these
structures of conversations in their interaction with their parents, who
already know how to time their actions during conversations with another
adult.

1.2 The approach

The chosen approach, i.e. considering mother and infant as a sensori-motor
system, is presumed to be valuable for the detection of early speech-
communicative problems. This study aims at the construction of a method
that could signal, soon after birth, that a mother-infant interaction is at-
risk with regard to speech development. In apparently normal mother-
infant pairs, the interaction can deviate from a broad normal path. Many
causes can explain an abnormal or problematic interaction, among them
the mother's family history, or perinatal incidents (e.g. Price, 1989). In
such instances the method could indicate that an interaction is indeed at-
risk, and that mother and infant need some intervention. The diagnosis
must be made as early as possible in single mother-infant pairs. Clues for
intervention, then, can be found in the communicative behaviours of the
individuals. The preliminary outline of a diagnostic method is presented in
the final chapter of this thesis.

I will follow two main lines of approach in my description of the mother-
infant interaction system with regard to speech communication.
(1) Literature data on early mother-infant interaction and speech
development are reviewed and evaluated.

{0



Chapter 1

(2) Observations of interactions during the first two years of six

mother-infant pairs are evaluated with regard to communicative

aspects of their behaviour, and the development in behaviour. Of

these six pairs, two were chosen for a more detailed study because

of their clearly different interaction patterns.

With regard to the first line, the literature will be reviewed as far as it

belongs to the following areas related to early speech development:

- psycholinguistics and sociological sciences,

- primate biology, evolutionary biology, and communication, and

- anatomy, physiology, and neurology of the infant's speech
mechanisms.

This first line has contributed to my approach by means of the selection of

behaviours, a library of concepts, research results, and methods in these

fields that will be presented over the period of mother-infant development

that we studied.

The second (ethological) line is based on many hours of our previous

observational research on mother-infant interaction by the Amsterdam

group (e.g. Koopmans-van Beinum & Van der Stelt, 1979, 1986;

Koopmans-van Beinum et al., 1990; Jansonius-Schultheiss & Van der

Stelt, 1990a, 1990b; and Van der Stelt & Jansonius-Schultheiss, 1990).

That research has led to:

- some working hypotheses on styles of mother-infant interaction,

- working hypotheses on development changes in interactions,

- knowledge about preferential individual behaviours, and

- ideas about recommendations to prevent problems.

This second line, based on ethological methods, is further formalised in

this study, enabling to obtain certain more objective descriptions of

mother-infant behaviours during the first two years.

The mother and infant as a system

Mother-infant interaction is often studied with questions in mind about
the 'contribution of the infant' as compared to the 'contribution of the
mother’ in the ongoing shifts in their behaviours. For certain disciplines
the questions about the individual changes are important because their
interest is only the development of the person in question. The 'obvious
difference in age and experience' between mother and infant then is a
returning topic in research which disregards their relationship. This
structuralist approach regards development as a matter of sequential
stages, probably in both mother and infant if the dyad is considered (e.g.
Beek & Hopkins, 1992). The functionalist approach

"... assumes the presence of age-appropriate actions imbued with
specific adaptive functions, such as communication and
exploration, and a mutual fit between organism and environment
at all times in development.”

(Beek & Hopkins, 1992, p. 425)
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This functionalist line of thinking about social development makes two
ends meet: environment (mother) and organism (infant) develop as a
system (e.g. Asch, 1952), and not as two separate sequences of actions
which is already difficult to imagine in relation to the development of
communication.

In speech communication, two other developmental approaches that are
sometimes diametrically oriented towards each other can be recognised in
the literature and in the (age-related) categories chosen for mother-infant
studies. These 'top-down' (meaning-sound realisation) or 'bottom-up'
(sound-meaning) lines clearly are attractive in scientific linguistic
thinking, but the philosophy behind them is quite different (e.g. Bloom,
D'Odorico & Beaumont, 1993). As for early mother-infant systems, the
approaches 'borrow' terms and theories from the many disciplines that are
concerned with development and with speech communication (see section
1.4 for background information).

A popular approach is the one in which adult communicative behaviour
offers the leading theoretical model for speech development. A second
approach starts from the infant, explaining speech acquisition as a general
developmental process. With information lately accumulating about the
infant's capacities as a socially well-prepared human being, the adult's
legitimate’ predominance in the interaction process studies is decreasing.
The behaviours of mother and infant, however, are rarely described using
the same system or described with the same categories. These differences
in description 'invite' conclusions about inequality in the behaviours, which
distracts the attention from more equal aspects in their behaviours (e.g.
the fundamental frequency in infant sound production and in motherese,
which is the caretaker's way to talk to children, Papousek & Papousek,
1991).

In the present study, the mother and infant behaviour as a system is the
most important topic, and not so much the behaviours of the individuals.
When mother and infant are 'measured with the same measures' a 'system
characteristic' can be discovered, which neglects judgements about a
(subtle) cooperation or a non-cooperation of mother and infant in terms of
the development of their communication system (e.g. Fernald, 1992). If we
regard mother and infant to be a system-in-development, the dilemmas
about 'individual contributions’ in the development must be solved within
the system (e.g. Asch, 1952; Fogel, 1992a, 1992b; Beek & Hopkins, 1992).
Often, an outside observer cannot decide about the value which individual
behaviours have for the partners, but the system can still be evaluated
with regard to its functioning.

It is supposed that the partners negotiate their relation in the system at
any moment in the development. The mother changes her behaviours to
infant levels and the infant is ready to mirror the adult's behaviour as far
and as complexly as possible. The mother mirrors too; certain infant
behaviours are sometimes exaggerated because of cues in the infant's

fe



6 Chapter 1

W behaviour (e.g. Fernald, 1992). In this way, mother and infant are of the
'same age' in their relationship which started at the same moment for both
partners. With regard to speech communication which is in its ultimate
form a social phenomenon, the mother knows best which direction to
choose. In order to arrive with this particular child at a normal speech-
communicative system, she can intervene at crucial moments, already
early in their cooperation.

1.3 Constraints of my approach

1.3.1 Considerations

In view of the complexity of the topic of this study, constraints are in line
with those in literature and with previous research results. Several aspects
of the normal interactional processes present in the development towards
speech communication must be considered. These aspects are discussed
further as background information (section 1.4).

The period studied

My approach aims at an evaluation of mother-infant interaction 'as early
as possible' which means that the onset of the evaluation should be soon
after birth. The offset of the period is related to the possibility to give a
qualified judgement about the speech developmental process at that
moment. This can be the occurrence of the first word recognised by the
parents (Bullowa, 1972) or perhaps the first cues of grammar.

In this study the first two years after birth are chosen. By then, children
normally are well on their way to developing speech (in the realm of
linguistics) and they usually have become fluent speakers at the age of
three (Pinker & Bloom, 1992). On the other hand, if the developmental
process is not quite as expected, the chance upon spontaneous progress is
given the benefit of the doubt during the first two years. Speech-
communicative abnormalities or delays without obvious explanations are
rarely treated before the second birthday. An early diagnosis, i.e. in that
period, can prevent more severe problems in the future of the mother-
infant pair (e.g. De Ridder-Sluiter, 1990).

Changes in behaviour

The mother's and the infant's behaviours show considerable changes
during the period between birth and two-years-of-age, for example, with
regard to the type of behaviour, the smoothness, and the timing. The
interaction primarily seems to aim at survival (i.e. to function as a life-
line) during the first months. Later, a variety of social behaviours
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(important for either one of the individuals of a pair) will be gradually
shown during the interaction, both by the mother and the infant.

In this study, early and later behaviours of the individuals are described
by means of a micro-analytic transcription system for movements (see
Appendix II). This system enabled us to make comparisons on aspects of
the interactional behaviours over the entire period observed. The selection
of only some specific behaviours permits an objective evaluation of the
interactional development over time.

The interaction in the system in general

The development towards communicative behaviour is a matter of selection
of the behaviours present within the interaction of the partners at
different moments. The partners select their specific 'triggers' for a specific
interaction to occur. The occurrence of these specific behaviours can go
back to the (near-past) experiences within the mother-infant system.
Therefore, and because of the dynamics of the system of mother-infant
interactions, an outside observer of communication processes cannot make
an a priori selection of behaviours that must be used in the description of
the mother-infant system.

In this study, a transcription system for movements is used which
describes all observable behaviours of mother and infant separately. With
regard to timing of behaviours, the transcription system employs a micro-
analytic way (see Appendix II). In sixteen simultaneously present
channels, related to sound productions and to the body parts involved in
the behaviours, mutually exclusive codes are given to specific movements.
Subjective interpretation of behaviours and the attribution of meaning by
an outside observer of the mother-infant interaction is thus eliminated as
much as possible.

The context of interaction in a system

Experimental conditions may interfere in the interaction as these can e.g.
elicit specific behaviours of mother and infant. The presence of toys
increases the chance that 'goal-words are produced or that specific
interactions occur (e.g. Bloom, 1993). Normally, speech develops in the
daily routines of mother and infant at home where they are free to do as
they like. In contrast, more or less experimental situations (such as a lab-
setting) are likely to force the interaction in a specific direction.

In this study, mothers and infants were observed monthly in their
naturalistic home situation. Free-play situations were chosen, so that both
mother and infant (within the range of the cameras) were as free as
possible to do what they liked at that moment of their communicative
development. Another reason to record the home situations is the possible
therapeutic aspect in this study. Recommendations based on observations

\
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¥ during lab-settings are more difficult to integrate in the daily routines of
the home situation.

The observation in naturalistic home situations

A longitudinal study of mother-infant interactions in the normal home
situation has consequences for the collection of data. It is likely that the
presence of the observers interferes with the situation for both mother and
infant. When the infant grows up and becomes mobile, and is familiar with
the regular visitors, it is an illusion for the observer to maintain an
'outside’ attitude. The mothers, too, may or may not feel at ease during the
home visits.

In this study, the observers had a non-interference attitude while
recording mother and infant engaged in play. Behind the cameras, they
became part of the distant context. The study is limited to the distance
channels of the mother-infant system, as the (video) registrations of the
mother-infant interaction had to be as naturalistic as possible. Soon after
birth, in play situations mother and infant are mainly engaged via the
visual and vocal-aural channels, making the observation method fairly
reliable.

The unique processes

In principle, the interactions of the mother-infant pairs are unique, as each
pair has its own history. Their overt behaviours are related to their
individual histories and shared experiences, and have their biological
constraints (e.g. Fernald, 1989, 1992). Yet, the postnatal interaction in
mother-infant pairs can be seen as an evolving system which accounts for
certain constraints. The interactions in different pairs must have certain
underlying characteristics in common, because (some form of) speech
communication develops in the majority of the pairs. The process is astray
in some pairs.

The approach chosen in this study, was expected to discriminate between
two normal pairs that differed extremely in their development towards
speech communication. If the approach would not discriminate between
these apparently different pairs, the underlying characteristics of a
developmental process towards speech would neither be revealed.
Therapeutic intervention must be based on a correct insight in the
differences and their influence upon speech development in general.

Common characteristics
Although the actual interactions within a mother-infant system are taken

to be unique, it is likely that certain common characteristics are present in
all human communication systems. The communicative behaviours can
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vary along several lines, i.e. as related to context, timing, and types of the
behaviours of individuals. The sender-receiver model (Denes & Pinson,
1973) has been successfully applied in research on adult interactional
behaviours.

In this study, the model was applied to mother-infant interaction, for
which a sensori-motor transmission model for movements of mother and
infant was formulated. This model enables the description of three basic
characteristics of communication systems -intersubjectivity, intentionality,
and turntaking- in terms of co-occurring movements in the partners. These
movements are expressions of mother and infant operating as a system and
are related to their preferences shown in their communication system
during development.

Intersubjectivity stands for the mutual orientation towards each other: two
individuals first have to notice each other before they can transmit
messages. This basic aspect of communication systems is described in
Chapter 3.

Intentionality is present when specific movements are transmitted to the
partner during the periods of mutual orientation. In mother-infant
interactions, these movements can be interpreted as intentional or
meaningful. The transmission of intentions, which is treated in Chapter 4,
is possible only during moments of intersubjective tuning.

Turntaking in its simplest form is present when one person reacts upon a
previous movement of the other person. The reaction is expected to occur
within a certain time. In Chapter 5, turntaking by the mother upon sound
productions of the infant is studied.

These three common characteristics are interrelated in each speech
communication system. Intentions presuppose intersubjective tuning, and
a transmitted intention awaits a response. The person-in-focus is expected
to take a turn upon the partner's movement because the movement was
perceived by that person. The three characteristics still must become
integrated in the mother-infant system. If they fail to do so, the
development of a communication system is at-risk and disturbances in the
speech communication are to be expected.

1.3.2 The construction of an evaluation method

A proposed method to assess mother-infant interaction with regard to their
development towards speech communication which is presented in its
outline in Chapter 6, is constructed with the constraints presented in
section 1.3.1 in mind. Such an assessment must be performed in single
pairs in naturalistic situations, and be started as early as possible.

An important element in the construction of our objective method is the
transcription system which permits a continuous description of the
movements without an a priori and, likely, subjective interpretation of the
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¥ movements. The period of the first two years of life is covered by the
transcription system (see Chapter 2, section 2.3.2).

Next, the sensori-motor transmission model for movements permits an
objective evaluation of the interaction of mother and infant as a system.
Not all movements of the individuals are perceived by the partner, and
some of the movements can thus be neglected in our analyses: the
transmission model presents the selection (see Chapter 2, section 2.4.1).

By means of this transmission model, the three common characteristics are
translated into certain movement patterns of the mother and the infant.
Thus, the three common characteristics are also described in an objective
way. The unique movements in the interaction patterns need no further
interpretation by an outside observer.

With regard to the literature data, lines of thought are presented in section
1.4 as background information, which has contributed to the constraints
chosen in our approach.

1.3.3 The mother-infant pairs

Two mother-infant pairs were followed during the first two years of their
'‘partnership' (See Koopmans-van Beinum et al., 1990). They belonged to a
group of infants with near optimal medical histories at birth (Prechtl &
Beintema, 1964).

The two pairs were chosen because their interaction patterns appeared to
be quite different which was clear already soon after birth. The presence of
this difference was subjectively judged by the observers.

In view of further data on their development during the first two years,
these pairs can be regarded to differ on the interaction patterns only. As
such, these pairs can be considered the test cases for our approach. The
pairs were free to communicate in their own way. At two years of age, the
levels of speech communication were found to be quite different.

At that age, one of the girls showed speech-communicative problems which
were treated for at least three years afterwards. These problems were still
present when she was six years old, though her behaviour in school was
constructive and aimable.

The other child was a fluent and eager speaker at the age of two. When she
was six years old, the teacher in kindergarten judged her even to be too
talkative which interfered in class situations.

Further information about these pairs is given in Chapter 2.

1.4 Background information

In this section, the idea that parent and infant must learn to communicate
by means of sounds only is based on and illustrated with literature data.
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Learning to speak is a task for both parent and infant. T o understand that
process is a complex task as well for scientists from the various disciplines
related to the subject. Often the individual aspects of behaviour in the
development of communication prevail in research.

1.4.1 Psychobiological aspects

Taking care of a baby changes the adults' lives: the baby evokes new and
yet familiar feelings and behaviours that were not known to the new
parents in their complex intensity (e.g. Price, 1989). The new human being
is equipped to adapt to new situations and has a built-in alarm system.
New, intersubjective behaviours emerge among the care-givers and 'care-
consumers' who are prepared to orient towards each other (Schaffer, 1977;
Foster, 1990). This adds to the survival chances of the newborns (e.g.
Fernald, 1992). These behaviours "can have long-term regulatory effects on
the infant's physiology and behaviour far beyond the period of infancy."
(Fernald, 1992, p. 422).

Initially, mothers (and, increasingly fathers) are primarily concerned with
the physical well-being of the foetus and later on the infant. The parental
ear is very sensitive to the quality of the newborn's cries because these can
provide indications as to the state of well-being of the baby (Mann, 1992).
For quite some time during the first year of life, a crying infant gives a
penetrating signal to adults and other children (e.g. Morath, 1979).
Usually someone reacts to (soothe) the baby (Leach, 1986). The baby is
touched, caressed, picked up, changed, or talked to melodically with a
'prosodic’ tune, or with at least musical elements in the voice of the
caregiver or mother (Papousek & Papousek, 1981). To see if the tension
decreases, the baby is visually inspected as well. In her preterm twin
study, Mann (1992) found that more positive maternal behaviours were
directed to the healthier baby of the two, even when this child showed
‘negative’ behaviour (cry) and the other child smiled. Cues for this
preference of the mother appeared present already when the babies were
four months old. Mother-infant systems are thus subtle constructions of
two homeostatic systems forming a new organisation, as a 'symbiosis' at
the biological level (Hofer, 1987). In normal mother-infant interactions,
warmth and affection provide the effective care which the infant needs for
further development into a 'nice person' (MacDonald, 1992).

The psychological and biological approaches of development are not yet
readily separable in the early mother-infant systems (Hofer, 1987). In due
course this complex sensori-motor relation will evolve into a signalling-
perceiving system between the two individuals. It shows adaptations to
various situations of the adult-baby pair. Turn-taking, as one of the basic
aspects in the communication between giver and receiver, is recognisable
in many forms like looking-and-looking-away (Stern, 1974), speaking-in-
alternation (Ginsburg & Kilbourne, 1988), give-and-take, and playing
together. The two players learn to shift and 'time' their roles in the games.

o
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They are informed simultaneously about the intentions and the inter-
subjective orientation. These affective aspects in communication systems
clearly appear before the content of the linguistic 'message’ itself (Bloom,
1993). The affect system can be seen as the underlying motivation for
infant behaviour that concurs with the parents' affective behaviour and
with their cultural values in many different situations later in life
(MacDonald, 1992).

The ability to bridge a distance in time and space between two persons is,
also from an evolutionary point of view (Wind, 1983), one of the most
important characteristics of the human primate communication systems.
Human society has now become to rely upon audible signals for complex
communication, and is doing so more and more: sounds can be recorded
and sent away by mail and listened to later on. We have radio sets,
telephones, and other signalling machines. The newborns that are to
become members of our western society have to produce sounds as well
because the infants are, most of the time, not 'in close contact with the
mother' (e.g. Weir, 1962). The mother relies on her sound productions
directed towards her infant, which are unusual in adult conversations
(Fernald, 1992) in order to bridge the (initially) small spatial distance.
Nowadays, the distance between parents and infant can even be increased:
e.g. sounds 'follow' the wires of a 'baby-phone' system to the parents
residing elsewhere.

For persons who wish to communicate, vision bridges the interpersonal
gap as well: gestures and rituals, and pictures, photographs, television,
and video recordings can transmit images all over the world.

In their interaction, the mother and infant learn to use the information
transmitted by the sensori-motor system in general and they develop
specialised applications.

1.4.2 Psycholinguistics and Ethology

To scientists, investigating the development of speech in a human
individual the world of parent-and-baby communication is full of problems
to be tackled. Considering the complexity of the behaviour, children master
speech communication relatively quickly, even without formal instruction
(e.g. Pinker & Bloom, 1992).

Studies on speech development often rely on linguistic or psycholinguistic
theories, relating psychological concepts, and linguistic categories and
aspects. However, linguistically oriented descriptions of infant sounds
cannot cover the scala of sound productions (e.g. Oller, Wieman, Doyle &
Ross, 1976), and cannot explain why infants produce sounds that are not
part of their mother tongue. The fact that newborns do make these sounds
(any kind of sounds, in interaction with the mother) has been disregarded
as a cue for later communication, probably for reasons of sound quality.

In search of the precursors of speech communication (Bullowa, 1979;
Lindblom & Zetterstrom, 1986), the onset of (aspects of) language use is



Introduction 13

gradually laid closer to the moment of birth of the infant. When focusing
on mother-infant interaction, precursors are sought even before birth
(Tietze, 1985). According to Fernald (1992), the evolutionary approach to
mother-infant speech communication offers evidence that motherese
aspects in speech to infants must be seen as a specific human way of
caretaking which facilitates speech-communication in the offspring.

The infant’s age at the onset of specific behaviours often represents an
important factor in the research. Weir (1962) actually listened to the
"Language in the Crib" of a two-and-a-half-year-old, and she related
sounds and words linguistically to the structures of the mother tongue.
The 'cradle of language use’, according to Bruner (1983), was found in the
turntaking during conversations between mother and infant. Bullowa
(1972) considered speech development to have started when an adult
recognises a word in the sound stream of the infant. The baby's ability to
produce a phonetically consistent sound intentionally (Gillis, 1986), was
another solution to the problem of defining the onset of speech and
language development.

Research in the field of developmental linguistics concerns itself with child
grammar, the acquisition of specific aspects of speech sounds, intonation
patterns, and meanings of children's words in relation to the input from
the mother (cf. a cross-section of publications in the Journal of Child
Language). Developmental psycholinguists study topics like affective
expressions, intentions, cognition, and communicative acts in normal or
deviant mother-infant pairs (cf. a cross-section of publications in the
journals Child Development and Infant Behavior and Development).

As long as adult characteristics of communication are not yet met, often
the prefix 'pre’ or 'proto’ is added to the overt behaviour of the infant (e.g.
Bateson, 1979). In my opinion, this indicates only a theoretical gap
between early infant and later adult behaviour: the infant's behaviour is
not yet readily comparable to the adult's standard.

For centuries now, the beginnings of adult communicative behaviours can
easily be placed in the early period of adult-child interaction. Of course, an
infant is able to develop behaviours under circumstances that fairly
adequate adult caregivers create. In more recent research on speech
development there is a tendency to focus on both the mother's and the
infant's behaviours in the first years of life (Morath, 1979; Papousek,
Papousek & Bornstein, 1985; Bloom, 1993). Gradually, the interactions of
mother and infant during the first six months are focused upon, revealing
patterns that underlie the development of speech (e.g. Fernald, 1992).

In the decades of scientific 'dyadic' thinking (previous to the interactional
approach), the mother was expected to inform the experts about the
infant's sounds. And the experts proved her to be right or wrong (e.g.
Murry, Hollien & Miiller, 1975). As the naturalistic context of the mother-
infant pair was neglected, the results of these studies have but a limited
value for our approach.
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Now, methods are accepted for research on the interaction system of
mother and infant in a general sense (e.g. Bullowa, 1979; Fernald, 1989,
1992). Disciplines like evolutionary biology and neuroscience try to
integrate their concepts with the social sciences, including linguistics
(Cosmides, Tooby & Barkow, 1992). Again, the observation of human
behaviour is given a place in research (e.g. Wind, 1983, 1986). The outside
observer liberates the mother from her two-fold role (in dyadic research) as
actor and observer of her child in actual situations. Instead of being asked
to label sounds and the infant's behaviour in scientific terms, the mother is
free to act according to her impulses, habits, or parental judgements. The
observer is expected only to collect the data crucial to the theory. This
approach of mother and infant as a social interaction system (e.g. Bell,
1977) with an outside observer has become fully accepted in the seventies.

The interactional approach invites questions about socio-cultural aspects
which contribute to but also complicate psycholinguistic theories on speech
development. Father and mother behave differently towards their infants,
as do siblings (e.g. Fernald, 1989). As the infant's behaviour is no longer
the only subject of research, a research topic could be the 'speech-teaching
attitudes' of lower-class and higher-class mothers because of a difference in
prompt reactions. The hypotheses can become very complex, in many ways
far removed from what is going on in the actual home situations.

It is quite possible to communicate with an infant that is speechless, as all
mothers know (Greene, 1963; Bullowa, 1979; Fernald, 1992). For linguists
of today, this notion has enlarged their concepts in research of speech and
language development. The focus is on communication in general, of which
speech is one ultimate form of human behaviour. It is the result of
interaction which gradually specialises (e.g. Bullowa, 1979).

According to Soderbergh (1986), body language can be seen as a part of
linguistic communication, but she restricts body language to purposeful
communicative behaviour. With this restriction, we are back to the
adultomorphic approach (See section 1.2) which creates a discrepancy
between infant and adult behaviour, e.g. 'early infant sounds and later
adult speech'. I usually name the 'prelinguistic' period of infants in their
development to speech communication the period of the 'linguistic gap’; for
Soderbergh (1986) it is "the latent stage of language” (p. 11).

In my opinion the indication 'prelinguistic’ results from the above
mentioned adultomorphic approach of infant development (section 1.2).
Although researchers have frequently and in many different ways pointed
out this theoretical trap (e.g. Tronick et al., 1979; Donaldson, 1983), it
appears to be very difficult to imagine how the world of young children is
structured in a different way from the adult's and what the role of the
mother's behaviour in that structure can be (Fernald, 1992).

Bullowa's book (1979) debated the habitual researchers’ attitudes towards
infant behaviour, by means of her own contribution and those of others.
My approach evaluates the basic aspects of communication systems as
much detached as possible from the languages used. The evaluation is
restricted to the descriptive behavioural level, in an attempt to explain
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complex developmental phenomena "in the simplest terms possible"
(Hofer, 1987, p. 634). Because it is difficult to describe infant behaviour
before the age of four months in terms of events (Plooij, 1984), which ask
for an adultomorphic terminology, an ethological approach of the mother-
infant system should best be rendered in terms of movements.

1.4.3. Evolutionary origins of speech

In search of the origins of the unique human ability to speak, scientists
have studied the premises and conditions for speech-communication in the
human primate. The French banning of the topic (in 1866 by the Paris
Society for Linguistics) seems to have worked like a modern controversial
advertisement.

Because speech sounds are volatile, the complex sound production system
is evaluated upon its morphology and functioning. This often is done by
studying ancestral hominid remains and conditions in the closely related
human and non-human primates (Leakey, 1981; Johanson & Edey, 1981;
Wind, 1970, 1988; Gardner & Gardner, 1974; Premack, 1974).

The inferences about the brains and the vocal tract (often not the ear!) as
well as the use of tools and evidence of culture are mentioned in the
discussion (e.g. Wind, 1983). As language is gradually placed in wider
social contexts, an evolutionary biological approach in different disciplines
(e.g. Barkow, Cosmides & Tooby, 1992) has come to be focused on the
development of speech in the human primate and particularly in infants.
Caregiving adult behaviours (e.g. Jacobson, Boersma, Fields & Olson,
1983; Fernald, 1992; Pinker & Bloom, 1992) and infant characteristics (see
a review by Nelson, 1987) are thought to be reflections of a biological basis
for the developmental processes towards speech, having phylogenetic roots
of attachment (Hofer, 1987). Fernald (1984, 1989, 1992), for example,
stresses the evolutionary impact of prosodic features in motherese with
regard to the infant's three A's: Attention, Arousal, and Affect in
interaction, which are basic to further infant development in many
directions. As is argued by Pinker and Bloom (1992), a child is a fast
language learner (with a wink to the Language Acquisition Device, e.g.
Lenneberg, 1967). Clearly, biology gains increasing importance in the
study of speech development and language acquisition.

Wind (1983) proposes about a hundred processes having occurred in
primate evolution that have contributed to the origins of speech. Many of
these apply to ontogenetic speech development as well (Figure 1.1), since
the infant changes physically at a fast rate during the first years (e.g.
McCall, 1979; Caplan, 1971). Wind's diagram (1983) offers links between
various behaviours and the occurrence of speech which is still regarded as
the most impressive ability of human primates. It is very well possible that
the Pleistocene mother-and-infant in their 'homely' interaction developed
speech-communication further by means of a basic intonation system (e.g.
Fernald, 1992). This might explain why the female is, on the average, the
more verbally gifted than the male.
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Of course, human ethology and evolutionary psychobiology (e.g. Morris,
1968; Eibl-Eibesfeldt, 1989; Barkow, Cosmides & Tooby, 1992) have
largely neglected the detailed study of human speech behaviour, possibly
because it would further complicate the study of human social behaviour.
The evolutionary success and the uniqueness of the human primate, in a
social sense, is reflected in the number of them on earth as well as in the
efficiency of their social behaviour like, for example, speech
communication.

Humankind is only on the edge of a new age following the Pleistocene
period of hunter-gatherers which lasted for several hundred-thousand
years (e.g. Cosmides, Tooby & Barkow, 1992). It is often suggested that
speech as a system developed in relation to hunting and the following
festivities (with sounds of joy, Critchley, 1967).

In my opinion, the complex socio-psycholinguistic aspects and evolutionary
approaches of speech development touch upon each other in the interaction
between mother and infant. The mother knows (unconsciously) the desired
direction of the developmental processes and the infant shows the innate
developmental power. Together, they form and mould the emerging
product of their interaction resulting in speech communication.

In many ways, I have to navigate between Scylla and Charybdis, which is
inherent to research concerned with complex behaviour (e.g. Zuithoff,
1971). In my ethological approach to mother-infant interaction, aiming at a
method to evaluate, in the distance channels, the communicative
development in early childhood, I have not taken into account the majority
of Wind's processes (1983) as related to the origins of language. Rather, I
have paid more attention than usual in psychobiology to specific
behaviours related to the development towards speech communication.
Out of the large field covered by psycholinguistics, I have only touched
superficially upon words and the topics in the conversations. Certain
interactional processes must come 'before the sound messages' (e.g.
Bullowa, 1979; Fernald, 1989), and these processes then facilitate the
mutual understanding between mother and infant in a broader sense.

1.4.4 Anatomy, physiology, and neurology of the speech
mechanism

The anatomy and physiology of infant sound producing mechanisms have
extensively been studied (by e.g. Kent, 1976; Koopmans-van Beinum &
Van der Stelt, 1979; Netsell, 1981; Van der Stelt, 1979, Van der Stelt &
Koopmans-van Beinum, 1981). Previously, this 'organic’ biological
approach has proved useful in the description of infant sound production
(Koopmans-van Beinum & Van der Stelt, 1979, 1986; Roug, Landberg &
Lundberg, 1989). Much in line with the biological approach, researchers
have studied the infant's physical capacities for speech production.
Fletcher (1973), Kent (1976), and Netsell (1981), for example, have focused
upon the neuro-anatomical development of the speech mechanism which is

o
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¥ the basis for the production of sounds. Several authors have described the
development of sound production from birth onwards, and defined
corresponding stages in motor coordination or sound quality changes
(Koopmans-van Beinum & Van der Stelt, 1979, 1986; Roug, Landberg &
Lundberg, 1989; Stark, 1978; Stark, Rose & McLagan, 1975; Proctor,
1989).

Measuring acoustically the infant's sounds (Lind, 1965; Wasz-Hockert et
al. 1968; Stark, 1978; Kent & Murray, 1982; Oller, 1986; Robb, Saxman &
Grant, 1989; Masataka, 1992) in the various stages may further support
the categorisation of the cry and non-cry sounds by their different
characteristics. In early interaction, however, there is no reason to believe
that the mother or the infant need these precise acoustic 'definitions’ of
their sounds.

Because of the early sound productions of infants, scientists raised
questions about the infant's hearing abilities. The difference between early
sound production and (later) speech sounds could be explained if an infant
simply did not hear the linguistically important differences in speech
sounds in those early months. This explanation is supported by
neurological evidence and is also able to link primary-auditory analysis
(depending on the ear's mechanics) and speech-motor output. The infant's
ear must analyse sounds in order to reproduce correctly the perceived
speech sound (see an overview by Locke, 1983).

The overwhelming amount of researeh on infant perception of (speech)
sounds (e.g. DeCasper & Fifer, 1980; Kuhl, 1981; Jusczyk & Bertoncini,
1988) reveals that the normal newborn human is able to discriminate
sounds that belong to different categories of the mother tongue as well as
other languages (Eilers, 1980; Aslin, Pisoni & Jusczyk, 1982; Fifer &
Moon, 1989). Even before birth the infant becomes familiar with aspects of
the communication system and the sounds of the society that will be his
(e.g. Verny & Kelly, 1981). The limits for perception are set by the
construction of the ear as a sensitive organ (Aslin, Pisoni & Jusczyk, 1982;
Kuhl & Miller, 1978) rather than by the (communicative) sounds that
function among equally equipped individuals of the species. The (non-
human) mammalian cochlea quickly becomes sensitive to specific sounds
(Echteler, Arjmand & Dallos, 1989). Surely, humans would be biological
miracles if they could make sounds which another member of the species
could not perceive. Soon after birth the infant's ear is capable to attend to
sounds thatoccur in the society he is born into.

In the course of the individual's development hearing becomes more and
more selective towards the complex (speech) sounds of the environment.
This growing sensitivity for aspects in speech production, like those of the
prosodic tunes (e.g. Papousek & Papousek, 1981, 1989, 1991; Fernald,
1992), is likely to be of a transitional character (e.g. Plooij & Van de Rijt-
Plooij, in press). The mother's speech as far as it is directed at the infant is
usually very 'rich' and 'exaggerated’. Along with the change of its
perceptive abilities, the infant will 'select’ and process sound patterns from
its mother's speech, and react to these patterns according to its age
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(Papousek & Papougek, 1991). Mutual attuning in the mother-infant
system gradually shapes their vocal-aural interaction such as to obtain
normal, i.e. fairly monotonous, adult speech.

For the development of infant vision a similar line of explanations has
been proposed, e.g. assuming that initially the infant is not capable of
seeing properly (see a review by Nelson, 1987) with regard to contrast and
scanning of visual input. A newborn baby, however, can already
discriminate and imitate mouth and tongue movements (e.g. Meltzoff &
Moore, 1977), which until recently was incredible considering the state of
knowledge about the infant's visual system and its development. The
infants, observed by Meltzoff and Moore (1977), had never before seen
movements of their own face, yet they were able to link visual perception
with appropriate motor patterns, i.e. imitating the movements seen. A
moving (talking) face attracts the infant's attention to the eyes of the
speaker, probably because changes are most clearly expressed in that
region (Haith, Bergman & Moore, 1977). Furthermore, during sucking the
infant is capable to adjust the visual contrast within certain limits. Not
seeing a speaking mother's face clearly is no longer an explanation for the
discrepancy between early sound production and the later use of speech.
This insight has triggered research into the earliest periods of
communication, as approached from many angles. Psycholinguistics and
other disciplines focusing on an analysis of human behaviour have
introduced new (ethological) methods as well.

1.4.5 Sensori-motor mother-infant communication

From a strictly linguistic point of view speech development can be seen as
a discontinuous process (Jakobson, 1941, 1968) because early sounds are
seemingly not related to later speech production. The young infant is in a
'‘prelinguistic’ stage, there is no 'notion of the alphabet’, nor pragmatics.
Rather, the infant is involved in 'proto-conversation' with the mother
(Bateson, 1979). Yet, if this developmental process is seen in the context of
the general communicative behaviour of mother and infant (Bullowa, 1979),
preparing the baby for future speech communication and language use, the
process can, in fact, be labelled as continuous and be seen to show
hierarchically organised stages (e.g. Powers, 1973; Plooij & Van de Rijt-
Plooij, in press), even though purely linguistic categories are not present in
the earliest communicative behaviours.

Sullivan & Horowitz (1983) reviewed the literature on the subject of
intermodal perception in infancy in relation to language development and
multi-modal maternal stimulation. Infants explore the environment by
means of five (in time) overlapping perceptual systems: looking, listening,
smelling, tasting, and touching. These systems simultaneously provide
different information about the same thing. Thus, infants can listen to
language and 'see’' language in relation to mouth movements, smiles, facial
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Y movements, gestures, and body movements. They are able to perceive
these movements, as shown in experimental studies on asynchronous and
spatially distorted stimuli, causing discrepancies in that stimulation (e.g.
Trevarthen, Murray & Hubley, 1981). Multi-modal perception of
naturalistic verbal and non-verbal events gradually enables the infant to
construct meaning in language use. The infant comes to know perceptual
changes which are informative since they are related to environmental
changes as well.

Research on human communication has benefited greatly from the sender-
message-receiver model of information theory (Denes and Pinson, 1963). In
fact, that model is fundamental in phonetic research. However, the audible
strings of speech sounds are arbitrary symbols for their meanings and only
possess a value because they are socially agreed upon (e.g. Foster, 1990).
Humans are equipped with sensory and motor organs, and humans can
communicate only because they employ these organs.

"Signal or message production requires ability to produce change. A
continuous and undifferentiated state produces no signal. That
requires contrast. Usually this change is produced by motion. It
could be by change in something which appears static, e.g.
blushing, but this too is due to motion at a more microscopic level.
What moves may be sound waves set in motion by the 'vocal
apparatus' or it may be some visible part of the body.
The possibilities for human-to-human communication are limited
only by human motor and perceptual capacities.”

(Bullowa, 1979, p. 23)

Bullowa clearly shows that the sender-receiver model applies to the
message-aspect of human communication and not to the state of ‘being in
communication’, to which she refers on several occasions.

In my opinion, she pointed at the roots of the developmental linguistic 'gap'
(section 1.4.2) with regard to the relation between early sounds and later
speech already in 1979. Linguistic approaches of speech development focus
in many ways upon the audible signal and the 'what, how, and when/,
rather than on the ways parent and child come to know each other.

"However, we must pay attention not only to the coded message and
the details of transmission and reception but also to the overall
properties of the system which make interpersonal communication
possible. This has more to do with being 'in communication' than
with the what and how of communication, and pertains to
fundamental properties of animal and human communicative
systems, properties less obvious than the nature of the codes and
how they are used."

(Bullowa, 1979, p. 16, my italics)
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In the beginning of their interaction, mother and infant are probably
occupied with the less obvious properties of their communication system.
They establish their notion of being in communication and their mutual
sensory orientation upon the movements of the other.

According to Bullowa this process is visualised by 'tuning to a carrier wave
of a radio station' (p. 16). Speech signals are imposed upon the carrier
wave, and the receiver has to separate the carrier wave from the minor
fluctuations that represent the 'spoken message'. As an acoustic
phenomenon (in the air), the spoken message has a complex form over
time. Only when the receiver is able to detect the minor fluctuations as
separated from the tune, the "sharing of time forms in multiple levels of
behavioral organisation” (Bullowa citing Byers, 1976; p. 160) between
humans is possible. This can be described as a biological process related to
rhythm in movements in human-human communication.

In speech production, the 'carrier wave of phonation' is modified by vocal
tract movements, and it is the task of the ear to separate and analyse that
simultaneous information. Yet, the eye has its task too. Condon's work
(Condon, 1979; Condon and Sander, 1974) demonstrates the synchrony of
movements in communication of neonates and adults. In line with this
approach, Van der Stelt (1979) suggested that early speech development is
not primarily concerned with the transmission of 'meaning’ but with
‘'movements’. When the two participants are in tune for sending-receiving
speech sounds, a coded audible or visible message can be transmitted.

The choice of the coding systems is limited with regard to the manner of
tuning between two persons. During the development of a communication
system, the manner of tuning is still open, and the movements that will be
transmitted await their attribution of meaning.

Of course, movements can be perceived by different sensory modalities
which are often interrelated, like seeing and hearing a speaker. In early
mother-infant interaction the other senses are usually involved as well,
and their multi-modal tuning is then a very complex matter to study for an
outsider. That is one reason to limit the study of mother-infant interaction
to observable ways of tuning over a distance between the persons.

1.4.6 Conclusions

The approach of the mother-infant system in this study, formalised in a
transcription system for movements and a transmission model, is on the
sensori-motor level.

The evolutionary basis for mother-infant interactions is incorporated in
this study in the assumption that mother and infant form behaviourally a
symbiotic system. As Hofer (1987) has put it quite clearly, the neuroscience
approach has its presuppositions: ecological adaptation, control theory,
neurological organisation, and an epigenetic theory on development.

e\
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g/ Lacking a complete theory (which will thus be a very complex one) on
development, research proceeds with ad hoc questions and inferences,
thereby relying on current pragmatic insights. The evolutionary approach
of human behaviour (Cosmides, Tooby & Barkow, 1992) offers new ways to
study the infant's acquisition of speech by adding biology to psycho-
linguistics, like in this study. Thus research of infant development can get
away from the adultomorphic constraints often present in complex theories
(e.g. Hofer, 1987).

A baby can hear and see his mother speak to him, she speaks to him
consistently using the 'babytalk’ or motherese register. Yet the baby
himself initially produces sounds that do not fit in with the mother's
language, his mother tongue. Why or for what reason would an infant do
that?

Of course, this formulation of the problem is a bit of a caricature, but
caricatures have their function in showing us an exaggerated picture of
ourselves. We have to leave behind us our prejudiced ideas about human
speech communication and turn to observing how the mother and infant
communicate. Many aspects are still not clear in that process, but some
are and will be summarised below.

The infant

We know that infants are socially ‘pre-prepared’, in regard to
sensori-motor functions, for interaction with moving persons
(Schaffer, 1977; Sherrod, 1981; Brazelton, Koslowski & Main,
1977), and that they have an evolutionary basis.

Trevarthen (1977, 1979, 1989) considers the newborn infant's
behaviour to be intentional in relation to the mother's behaviour,
thus creating a dispute about the 'meaning of goal-directedness in
behaviour' with the more adult-centred approaches of
intentionality (e.g. Harding, 1984). Trevarthen's point of view is
supported by other infant-centred researchers: the infant is drawn
to voices and faces in his environment (Meltzoff & Moore, 1977;
Haith et al., 1977; Brazelton & Tronick, 1980; Eisenberg, 1979;
Fernald, 1992). The contours of suprasegmental aspects, like
intonation, duration, and loudness in the infant's sound production,
are dependent of the situation an infant finds itself in during
interaction with objects or persons (Delack, 1974; D'Odorico &
Franco, 1991; Masataka, 1992).

The mother

As for the mother, we know that she changes her speech to the
‘'motherese’ register (babytalk or caretaker's speech) when
interacting with the baby (Sullivan & Horowitz, 1983; Fernald,
1989, 1992). This use of motherese is thought to lie in its explicit
and exaggerated forms, and Fernald (1992) points at the
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evolutionary basis for this behaviour. It keeps the infant's
attention directed at the mother and introduces the infant to the
affective world. The mother feels that she can communicate with
her baby (Bullowa, 1979; Foster, 1990) and that her attitude and
behaviour is 'understood' (Greene, 1963) because the baby pays
attention to her and can be aroused. Likewise, the mother is
prepared to interpret the infant's vocal and non-vocal behaviour
(Coates & Lewis, 1984; Bloom, D'Odorico & Beaumont, 1993) as
meaningful and intentional in the context of their interaction.
These aspects (here designated further as intersubjectivity,
intentionality, and turntaking) are considered to be basic to
communication systems. The aspects are related to the mother-
infant affect system (Fernald, 1992; Bloom, 1993). In a less obvious
way these aspects are continuously present in the development of
speech towards language (Bullowa, 1979).

The distance bridged

We know that infants make a ‘map’ of their speech mechanism
fairly systematically, re-organising movements of primary
functions as respiration, sucking, and swallowing into new
movements for sound production (Koopmans-van Beinum & Van
der Stelt, 1979, 1986; Van der Stelt, 1979; Bosma, 1976; Fletcher,
1973; Hendrickx, de Breucker, Lambert, Switten & Vrijens-
Quintens, 1976; Netsell, 1981). Most infant sounds, like for that
matter adult ones, are produced during the expiration phase of the
respiration cycle. Because of the silent period during inspiration,
sound production is interrupted enabling turns between the
partners (Trevarthen, 1979). Phonation is, after a period of
physiological disorders (such as vocal fry, and aspirated phonation;
Crystal, 1969) usually under control at the age of two months
approximately. Even the infant's earliest articulatory movements
may result in sound productions that are, at times, 'meaningful’ in
adult speech. Mothers focus pre-, peri- and postnatally, on their
infant in their behaviour and thinking.

The infant's gaze behaviour (scanning) is, observed superficially,
comparable to the adult's behaviour (Haith et al., 1977). The gaze
of the infant at the mother's face increases her responsiveness
dramatically (e.g. Stern, 1974). Infants change their facial
expressions selectively, triggered by visual stimuli such as the
mother's facial movements (e.g. Papousek & Papousek, 1977;
Trevarthen, 1985; Bower & Wishart, 1979). They show distress
when the mother does not act as usual (Genta, Tartabini, Costabile
& Zamberlan, 1986). In research on sound perception of infants, a
detailed study of the child's facial expressions has been made (it
can already show attention or rage; Eisenberg, 1979), thus refining
the methods in sound perception experiments. The intant pays
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attention to sound, sight of and touch by another human being
(Stensland-Junker, 1979).

Infants prefer to hear their mother's voice, orient towards it and
are capable to discriminate speech sounds (e.g. DeCasper & Fifer,
1980; Fernald, 1984; Papousek, Papousek & Bornstein, 1985;
Jusczyk & Bertoncini, 1988).

Thus, important ingredients for the development of a communication
system appear to be present. Two humans orient towards each other, using
a more or less predictably set of movements (in timing and in situational
aspects), which is transmitted and responded to. These aspects
differentiate and increasingly become specific to the persons in the
interaction. But initially, and assuming that the signals are present,

"It is vital for the infant to develop the ability to recognize these
signals to which it is important for him to pay attention, if he is to
survive."

(Stensland-Junker, 1979, p. 307)

This thesis is concerned with that gradual specialisation in the mother-
infant system towards communication in the first two years, which results
in the child's earliest abilities for speech communication and the use of
language: words exchanged with the mother.

My focus will be on the three fundamental characteristics that play an
important role as agreed upon by research on communicative systems
(Bullowa, 1979; Bruner, 1983), although the definitions may vary with the
researcher's field involved:

- intersubjectivity,

- intentionality, and

- turntaking or alternation of the roles of the participants.

The first two are usually considered to belong to the less obvious properties
of the mother-infant communicative system (their tuning and readiness to
interpret behaviour) and are closely related to their affect system.
Turntaking in this thesis comes in the realm of linguistics, especially when
the infant's sound production is coded as a word.

The above three fundamental characteristics are treated in different
chapters, even though they are present simultaneously at any time in the
development of mother-infant communication. Their form, content, and
function, as well as their overt contribution to the communicative process,
change over time in relation to spatio-personal characteristics of the
participants (Levelt, 1989). These aspects in the communication system
should distract us as little as possible from the movements in the mother-
infant system.
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1.5 Organisation of the thesis

The first chapter thus was meant to explain the approach chosen in this
thesis. The outline of a method for the evaluation of mother-infant
interaction is presented in the final chapter.

Chapter 2 introduces the two mother-infant pairs, the video recording
procedures, and the micro-analytic transcription system for movements in
mother-infant interaction from the video recordings. The constraints
chosen with regard to transmission of the movements between the
partners are presented in the sensori-motor transmission model. Data
processing, visualisation of transcription data, and simple statistics are
discussed also in that chapter.

The next three chapters -on intersubjectivity (Chapter 3), intentionality
(Chapter 4), and turntaking (Chapter 5)- each have a short introduction
focusing on the literature on that topic. The chosen movements or
combination of movements of mother and infant, representing the
fundamental characteristic treated in that chapter, are discussed. The
results and their possible impacts on speech communication are presented,
together with the discussion about the approach.

The final chapter discusses my approach in general and offers suggestions
for further research. The outline of the method devised to evaluate the
development of mother-infant speech communication in a sensori-motor
way, is given in a final section of that chapter.

Summaries in English and in Dutch precede the references that have been
used. These are listed before the appendices that contain recording
schedules, the transcription system for movements, and the overall
numbers of movements per recording per person. Percentages and
numbers per recording per pair on the three fundamental characteristics
treated in the three 'topic' chapters are given as raw data' in appendices as
well.
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DATA COLLECTION AND PROCESSING

Abstract

Speech communication is considered to develop in the mother-infant system
which gradually selects the communicative movements from the individual
repertoires. To assess the value of this approach as presented in the first
chapter, two mother-infant pairs were selected from a group of six because
of the differences in their interaction patterns.

The two mothers and their infants are introduced in this chapter. With
regard to pregnancy and birth the infants had near-optimal histories. The
mothers were healthy and were the main caregivers. Medical, psycho-social,
as well as linguistic data were collected by means of examinations,
questionnaires, tests, and video recordings.

Soon after birth already, the pairs appeared to differ with regard to their
style of interaction. When the children were two years of age, their levels of
speech development were quite different and this persisted when they were
six years of age.

Monthly direct observations of mother and infant in free play situations
were made in naturalistic home settings by means of two cameras and split-
screen video recordings.

Separate micro-analytic transcriptions were made for mother and infant of
five minutes of each monthly-made video recording, during the first two
years of the infants’ lives. A multi-channel coding system for movements
was used. Transcriptional data collection was computer-assisted.

In the mother-infant system the transmission of the movements is limited,
because not all movements of the individual are perceived by the partner. A
sensori-motor transmission model is presented in which the constraints for
transmission of movements are formulated.

PROGRAAF is a computer program for the selection and processing of the
transcribed movements, which can account for the limitations set by the
transmission system. A counting program FP for frequencies and durations
of specific movements per recording and per person was used as well.
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¥ 2.1 Introduction

In this chapter we introduce the reader to basic aspects of our approach
which is based on the assumption that interaction patterns are related to
the outcomes of developmental processes like, for example, the process
towards speech communication.

First of all, the two mother-girl pairs will be introduced. These pairs were
chosen to be the test cases for analyses related to the approach. They were
initially considered to differ only in their interaction patterns, which,
however, appeared to be followed by differences in language- and
intelligence-measures at the age of two of the infants. An evaluation of
speech-related developmental factors will be given for the first two years
as well as an evaluation by the parents and by the kindergarten teachers
when the children were six years old. The collection of the background data
during two years by means of medical examinations, questionnaires, tests,
and the video recordings will be described in relation to the development
registered.

Second, a description is given of the interaction patterns which are usually
thought to be crucial in the development. These descriptions vary in
relation to the research topic. I have chosen to describe all the behaviours
of the individuals that occurred over the period of two years by the same
micro-analytical system. This operationalisation of interaction patterns
deals with the differences in behaviour between adults and infants. The
transcription system for movements of mother and infant is given in an
appendix.

The third discussion concerns the mother and the infant as a system. The
individuals move and perceive in time and space. Many more changes than
those apparent in the system are present when we regard the individuals.
The restrictions formulated in the sensori-motor transmission model, are
introduced.

Finally, the software programs for further processing of the transcriptional
and transmitted data are presented.

2.2 Subjects

Claire and EVE and Fanny and SUSAN are the two normal infant-mother
pairs that participated in this longitudinal study. (The names have been
changed for privacy reasons. The mothers' names are given in capitals).
Out of a group of six pairs, these two were chosen because of the
differences in interaction patterns found during the first two years. These
pairs functioned as the test cases for the description of mother and infant
as a sensori-motor system.

The 'nmormality’ of subject-pairs is discussed in respect of their general
medical history at birth. Even when problems in the development arose in
the following two years, the infants were not eliminated from the study.
The pairs are introduced in general and with regard to psychological
aspects and to their level of speech development. This background
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information is needed, together with the data from the direct observations,
to obtain a picture as complete as possible of the developmental processes.

2.2.1 Normal mother-infant pairs

The subject pairs in this study thus were two female full-term infants and
their mothers. As members of a control group of six normal mother-infant
pairs, they had cooperated in a project that was financed by the
Netherlands Prevention Fund, focusing on the influence of an oral plate on
the speech development and speech interaction during the first two years
in the life of cleft-palate infants (Koopmans-van Beinum, Jansonius-
Schultheiss & Van der Stelt, 1990; Jansonius-Schultheiss & Van der Stelt,
1990a; Jansonius-Schultheiss & Van der Stelt, 1990b; Van der Stelt &
Jansonius-Schultheiss, 1990).

a. The infants

The two infants studied in this thesis belonged to the normal group (4 girls
and 2 boys) in the sense that the medical history of pregnancy, labour, and
birth had been 'near optimal' on the criteria given below (see Prechtl and
Beintema, 1964).

- Gestational age was between 38 and 42 weeks.

- Birth-weight was between 2750 and 4250 grams.

- Apgar scores (after 5 minutes) were between 8 and 10.
- Postnatally the infants did not develop severe icterus.
- The infants had no obvious somatic abnormalities.

As soon as possible after birth the infants were seen by an experienced
paediatrician, H. de Kleine, of the Neonatal Department of the Academic
Medical Centre, University of Amsterdam. He examined these newborns
neurologically, observing their general appearance, the muscle tonus, the
presence of asymmetries, etc.

b. The mothers

The two mothers were Caucasian, native Dutch-speaking women and they
were respectively 31 and 36 years of age when their daughters were born.
Both mothers have had professional training after primary school for at
least four years. They had normal speech and hearing, and were the
primary caregivers of their baby at that time. Furthermore, they were
willing to participate in the study which had a fairly tight schedule of
video recordings (biweekly during the first year). One family lived in
Amsterdam, the other in a village nearby.

The pairs are further introduced in section 2.2.4.
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Normality

In this thesis ‘normality’ means that the two mother-girl pairs have had a
fair chance of a normal development at the start. Under the condition that
the infants were normal at birth after a normal pregnancy, we had decided
(as in the Netherlands Prevention Fund project, Koopmans-van Beinum,
Jansonius-Schultheiss & Van der Stelt, 1990) that none of the mother-
infant pairs should be excluded from the study, even if illnesses or other
disturbances of the 'normal’ process would emerge later on. The infants
were followed during the next 24 months and disturbances which occurred
were regarded to be part of a developmental process. Slight medical
problems are quite normal in mother-infant systems, and do not
necessarily interfere with the development toward speech.

In longitudinal studies, the researcher can rarely afford to exclude a pair
from the study because of an illness at the age of, for example, 16 months;
disregarding the collected material and starting again with another pair
would raise serious practical problems. Furthermore, these two mother-
infant pairs were chosen from the six normal pairs because of their quite
different interaction patterns (see 2.2.4 c).

We preferred to consider eventual developmental delays (e.g. in psycho-
motor aspects or in speech communication of in-principle-normal mother-
infant pairs) as possible (by)-products of the developmental process in the
system itself. Both mother and infant may have difficulties in coping with
each other's behavioural characteristics. Normally, mother-infant pairs go
through the infant's "major reorganisations in the nervous system at quite
specific ages" which may be difficult periods for a family (Plooij & Van de
Rijt-Plooij, 1989, p. 279; Plooij & Van de Rijt-Plooij, in press; Van de Rijt-
Plooij & Plooij, 1992, 1993). Deviations from the 'normal’ process (whatever
that may be) are possibly related to the maternal history, which affects her
coping with the infant behaviours (e.g. Engfer, 1986; Engfer, Gavranidou
& Heinig, 1986). These factors, however, are no reliable predictors for
speech-communicative problems.

The interactional characteristics in mother-infant pairs evolve from these
personal backgrounds, but serious problems arise in the interactions
themselves.

2.2.2 The parents and infants cooperated fully

A researcher sometimes worries about the intrusion of 'science’ in the lives
of the subjects, especially when the period of home visits is a considerably
long one. Can one somehow motivate the parents not to drop out when
they are confronted with the amount of paperwork, the medical
examinations, and the tight recording schedule? The colleagues consulted
by us at a first presentation of the Netherlands Prevention Fund project
were pessimistic about the design for data collection.
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Therefore, the parents were promised a copy of all video recordings after
the second birthday of the children. Furthermore, they would have a kind
of 'developmental diary’' of the babies on many aspects (because they filled
out our questionnaires for each recording session) and the background
data (Jansonius-Schultheiss & Van der Stelt, 1990b).

Towards the end of the Netherlands Prevention Fund project, the parents,
the children, and the observers had difficulties to face a final good-bye
which we did not have to do. After the second birthday both pairs were
willing to participate in a follow-up study of another two years with
recordings every three months (Kuijpers, 1987, 1993). Remarkably, these
families are still part of my social life.

2.2.3 Questionnaires, tests, and illnesses

Because speech communication touches on many aspects of human life,
video recordings clearly only show part of the picture, and certain
additional data were needed to support the idea that the pairs mainly
differed with regard to their interaction. Therefore, the parents were asked
to fill out questionnaires about the development of their infant, with
various intervals during the two years. This is the 'background
information’ on our children.

The parents were given the motivation for using the questionnaires as well
as instructions how to fill them out by means of example situations and
answers (e.g. Koopmans-van Beinum et al., 1990; Jansonius-Schultheiss &
Van der Stelt, 1990b). These data were gathered to enable a comparison of
the single cases with data on larger (normalised) populations.

Parents reported about the infant's temperament (Bates ICQ Dutch
version; Duyvelaar, 1983), illnesses (from the onset to the offset, and the
severity by means of our own questionnaire, adapted from Touwen, 1976),
and the psycho-motor development (adapted from Pevenage, 1978). Their
own educational attitudes were evaluated by means of two questionnaires
about their 'control of the situations' and their 'tendency to seek further
information' about raising children (Leenders, 1984).

The infants were tested by means of the mental scales of the Bayley test
(Bayley, 1969; adapted for the Netherlands by Van der Meulen &
Smrkovsky, 1983). The level of speech acquisition at the age of two was
tested in a laboratory setting by the clinical linguist of the Netherlands
Prevention Fund project, K. Jansonius-Schultheiss, using a fixed set of
toys (e.g. Koopmans-van Beinum et al., 1990). These mother-infant play
sessions have been recorded on video in the lab-setting, which showed that
the two pairs performed differently (see 2.4.2).
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¥ 2.2.4 Two single cases

The two mother-infant pairs were chosen because of their behavioural
differences being the most pronounced of the six normal pairs that
participated in the Netherlands Prevention Fund project (see 1.2).

a. EVE and Claire

EVE during this study, raised her daughter Claire alone. She lived in close
harmony with her parental background which functions as a support
system. Claire is her only child (after a previous abortion). EVE preferred
to go to a hospital for childbirth because she was living alone. Claire was
born at a gestational age of 39.4 weeks in one of the university hospitals in
Amsterdam. Her weight was 3560 grams and she had an Apgar-score of 10
after 5 minutes.

EVE was globally informed by a senior staff member of the ward about
participation in the Netherlands Prevention Fund project and appeared
interested to cooperate. On the fourth day after she gave birth, I visited
her in the maternity ward. She was given more details, and I explained
that she and Claire were selected because the baby was perfectly normal
and healthy. EVE decided to cooperate in the project, her family- and
educational history was noted, and we made an appointment for the first
recording session in her home.

During that first session (Claire was 2 weeks and 1 day old and just had a
visit of EVE's parents and grandmother), we had the impression that
EVE's interaction with Claire was very sensitive. She reacted alertly upon
minor changes in her baby's behaviour, she hardly diverted her attention
from the baby, and she often told us how wonderful her baby was. In the
following weeks, Claire soon was aware of our presence and engaged us in
her play, initially by gazing. With regard to our equipment with 'nice'
lighting indicators, we came to a compromise about the duration of the
manipulation of the equipment. Later on, she would sit on the look-out
when EVE had told her that it was 'our day’.

Claire's temperament at the age of two was scored by EVE to deviate from
the mean on four items on both the negative and the positive side, on two
items even extremely positive. She was judged to be an infant of distinct
'likes and dislikes'. When she was six years old, the kindergarten teacher
and her mother regarded her behaviour as 'independent'.

Claire was reported (by her mother) to be ill thirteen times during the two
years, in total during 318 days, mainly because of colds. Her hearing was
tested in the Academic Medical Centre of the University of Amsterdam
when Claire was 8 and 14 months old and reported as normal. A
neurological check-up at the age of 12 and 24 months by Dr. H. de Kleine,
who had seen Claire perinatally and was informed about the parental
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report on psychomotor development, indicated that she was, within the
normal range, a fast developing child.

EVE observed Claire's psychomotor development quite precisely, informing
us about new behaviours in the form of a diary. EVE, aware of her role as
a mother, tended to collect more information about raising a child,
although she had the feeling that she could cope with the situation as well
as any other parent. Additional questionnaires on, for example, daily
routines, eruption of teeth, and nourishment, were used to collect
complementary data on developmental aspects. No major events occurred.

At two years of age, Claire's performance on the Mental Scale of the Bayley
test was comparable to a 29 months old child. With regard to the non-
verbal items, she was three months ahead of the mean population.

Claire's mean length of utterance (MLU) when two years old and in the
lab-setting was 3.2. She produced 130 utterances during the 20-minutes
recording, and 106 of these were transcribed as words. The mean length of
the ten longest utterances (MLUL) was 6.0. In a group of ten normal
children, she came first in the grammatical aspects, but not with regard to
the number of utterances or words. These background data are reported
more extensively in Koopmans-van Beinum et al. (1990).

b. SUSAN and Fanny

The other mother, SUSAN in this study, is married to John. Fanny is her
second daughter. The eldest daughter Karen is four years older than her
baby-sister Fanny, and was attending kindergarten at that time. SUSAN
had heard about the Netherlands Prevention Fund project from an
acquaintance and was interested in the possibilities for participation. We
informed the family about the selection criteria.

SUSAN and John consented to cooperate (although the birth of their child
had not yet taken place), knowing our conditions: pregnancy, labour, and
birth (planned to take place at home), and the state of the infant after
birth had to meet our criteria. They also knew about the goal of the project
concerning speech development and mother-infant interaction of normal
and cleft palate babies. Fanny was born at a gestational age of 40.5 weeks,
her weight was 4000 grams, and she had an Apgar-score of 10, five
minutes after birth.

During the first recording session (Fanny was 2 weeks and 4 days old), we
noticed that Fanny would sometimes suddenly become tense and jerky,
and then started to cry as in anger. SUSAN had trouble in handling this
behaviour and experienced it as negatively directed at herself. We
experienced this interaction as difficult too, "as a relationship at risk"
(Thoman et al., 1979), but we did not interfere the interaction. Of course
we had a willing ear for SUSAN's worries afterwards and during the
following visits. Fanny clung to her mother during a large part of the first
year. For not upsetting Fanny, we also had to keep a distance of at least
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"4 one meter. SUSAN coped with this behaviour very comprehensively, and
: later Fanny used to help us to install the equipment. When her baby-

brother was born (she then was about eighteen months), she was obviously
very proud, and welcoming to us. She replayed everyday situations with
her doll during several sessions afterwards.

Fanny's temperament at the age of two was scored by SUSAN to deviate
from the mean on six items on the mild-negative side, which indicated that
she is a more 'easy going' child. Behaviourally, she was judged to be a
normal infant. When she was six years old, the kindergarten teacher and
her mother regarded her behaviour as 'cooperative in the group'. She then
has had speech therapy for about three years, but her speech was still
difficult to understand, and she needed therapy again.

Fanny was reported to be ill three times during the two years, with a total
of 17 days. Once she vomited for four days, and she was hospitalised twice
because of pneumonia around the age of 15 months (which is why the
planned recording in week 65 is missing, Appendix I). Her hearing was
tested at 8 and 14 months, in the Academic Medical Centre of the
University of Amsterdam, and no abnormalities were found. A neurological
check-up at the age of 12 and 24 months old by Dr. H. de Kleine, who had
seen Fanny perinatally and was informed about the parental report on
psychomotor development, indicated that she was a normally developing
child.

SUSAN and John, regarding their own roles, did not tend to collect more
information about raising a child. They had the feeling that they could
cope with the situation as well as any other parent. Additional
questionnaires on daily routines, eruption of teeth, and nourishment for
example, were used to collect Fanny's complementary data on
developmental aspects. No major events occurred.

When two years old, Fanny's performance on the Mental Scale of the
Bayley test was comparable to a 19 months old child. With regard to the
non-verbal items, she was four months behind the mean. She was making
a game of the test, by smashing the test-objects around.

The number of utterances of Fanny in the lab-situation was 354 during the
20-minute-recording, with a mean length of utterance (MLU) of 1.1. The
mean length of the ten longest utterances was 2.2. and the number of
words 276. In the group of ten normal children, she was last in class with
regard to the grammatical measures, but not with regard to the numbers
of utterances and words (communicative attempts).

These background data are reported more extensively in Koopmans-van
Beinum et al. (1990).

c. Comparison of the two pairs

When we started this study of mother and infant as a system, dealing with
fundamental aspects in the development of speech, we already knew that
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Claire and Fanny had developed quite differently with regard to speech
communication. Fanny had speech therapy for three years after we had
finished the project. This, however, was not expected in the beginnings of
the Netherlands Prevention Fund project, because Claire and EVE, like
Fanny and SUSAN, had fair chances to develop normally towards speech
communication. Of course we have seen differences in interaction between
the two infants. These differences were difficult to label in a general sense.
The unexpected fact (considering the body of knowledge at that time) that
Fanny at the age of two years was an infant with problems in speech
communication, whereas Claire had no problems, is the topic of this thesis.

The background data, gathered during the two years that the two pairs
participated in the Netherlands Prevention Fund project, can further
illustrate the subjectively perceived differences in interaction.
Temperament of the children was not clearly different, as judged by the
parents. With regard to the educational attitude, EVE on her own, and
SUSAN and JOHN together, judged themselves in control of the situation,
and only EVE tended to seek more information about raising children. The
medical histories of the children during the two years were different.
Fanny twice had a severe pneumonia, and Claire was a child with near-
continuous colds, risking glue ears perhaps. In both children hearing was
examined twice, but no abnormalities were reported. Neurologically and
psycho-motorically both children were in the normal range.

The Mental Scale of the Bayley test resulted in a difference of ten months
between the two children. A considerable difference is found in the MLU
and MLUL too, Claire being far ahead. Fanny produced more utterances,
but Claire's were more complex.

The two mother-infant pairs differ in various ways on the scales presented
above, and certainly in their vocal communication. These interactional
differences were present during the entire period studied, and were
'formalised' by the questionnaires and tests. Many background data were
gathered when the children were two years old and can thus be regarded
to have resulted to a large extent from the (observed) differing interaction
patterns. The children's records for illnesses are different; these illnesses
may have resulted from more or less severe mother-infant conflicts during
the transition periods (Van de Rijt-Plooij & Plooij, 1992, 1993; Plooij & Van
de Rijt-Plooij, in press). Extra stress experienced in those transition
periods imbalances the immune system (e.g. Plooij & Van de Rijt-Plooij,
1989), sometimes with serious effects on infant health. The results on the
Bayley Scales and the Language Sample from the lab-setting (Jansonius-
Schultheiss, forthcoming) reflect the influence of a normal speech
development on such performances. As such the test results are quite
logical.

In my opinion, the above background data show that the interactions
within the two pairs have further accentuated the different patterns which
we noticed already during the first recordings. The differences between the
two pairs appeared to have been present throughout the two years, which
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made them good test cases. The approach (chosen in this thesis) of mother
and infant as a sensori-motor system is expected to differentiate between
these two ways to speech communication.

2.3 Data collection

In this longitudinal study data have been collected in two qualitatively
different ways. The indirect collection of data by means of questionnaires,
tests, and medical examinations has been summarised above in the
presentation of the two pairs. Now we get to the direct observation using
the home video recordings which form the main body of this study. The
collection of these data is further explained below.

2.3.1 Video recordings

In this study naturalistic, non-instructed, mother-infant interactions in
free play situations were recorded during the first two years of the infants'
life. Recording procedures resembled those of Tronick et al. (1979). The
‘non-interfering’ attitude of the observers towards the ongoing mother-
infant interaction was maintained during the recordings (even though
sometimes, we had a hard job to keep off laughing).

a. Equipment

As the recordings were to be made in a naturalistic setting, two cameras
with professional lenses for low-light intensities (Panasonic WV 3990)
were used. They were either placed on a tripod or hand-held, depending on
the situation. On several occasions extra film light was needed: Dutch
winters can be very grey.

The images were recorded by means of a mixer-whipper unit from
Panasonic (WJ 5500) and a portable video recorder (Sony Vo 4800)
enabling a split-screen display (JVC TM 22 monitor) for mother and infant
at the same time. The Sony recorder accepted 20-minute-tapes only, which
became the duration of the recordings, as interruptions for a new tape
were regarded as a break in the interactional flow.

The date and time (from a video timer, VTG 22) of the recording were
mixed in together with the two camera pictures. The timer was set on the
stopwatch modality, displaying minutes, seconds, and hundredths of
seconds.

Claire was one of the first babies to participate in the Netherlands
Prevention Fund project. She and EVE were equipped with small clip-on
microphones. Soon, these became the topic of mother-infant conversations,
and we switched to a pending microphone. Fanny and SUSAN were not
given the clip-on microphones at all.
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b. Frequency

During the first year of the infants' lives the visits were made with
approximately biweekly intervals, and in the second year with monthly
intervals. In this thesis 24 monthly recordings, matched as much as
possible for the two pairs, are used for further analysis (see Appendix I).
The recordings are considered to represent the normal, e.g. for that period
usual, mother-infant interactions, which the mothers confirmed initially on
a questionnaire.

Before each session, we telephoned to have the date and hour in question
confirmed. Additionally, we reminded the mothers about questionnaires to
fill out, and we informed them about tests and medical check-ups that we
had planned in the weeks to come. In case of illnesses, an off-the-schedule
recording would be planned.

When two years old, Claire and Fanny were recorded on video in a
laboratory setting with their mothers in a semi-instructed play situation. A
standard set of toys was used to assess linguistic abilities like articulation,
phonological aspects, and grammar from a spontaneous speech sample
(Jansonius-Schultheiss, in preparation).

c. Procedure

The home visits were made by a fairly consistent duo of observers, except
during their holidays or illnesses. After an explicit greeting of mother and
child, the equipment was installed in the habitual place in the room. The
situation to be recorded was briefly discussed with the mother (e.g. "What
is favourite now?"). Then mother and child began to play, and the
recording started.

The mothers were allowed to do as they wished. Initially, mostly face-to-
face -, or held-by-the-mother situations were recorded. Later on 'object
manipulation’, 'book reading', or 'games' were recorded, as well as
interactions in between these activities. Interruptions were kept as brief as
possible.

The two observers behind the two cameras developed a kind of sign system
for switching between the mother and the infant, depending on changes in
the situation. At times just one camera was used, when mother and infant
watched a book, for example.

2.3.2 Transcription of video recordings

The transcription system (developed in 1984) describes in a micro-
analytical way the vocal and non-vocal movements of mother-infant
systems in the first two years. This level of description has been chosen
because body movements are basic in human communication systems (e.g.
Bullowa, 1979; Van der Stelt, 1979) and these can be described fairly
objectively. The movements are transcribed for the two persons separately
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i with regard to the sound productions, and to the body parts involved. In 16
simultaneously present channels, the codes are categorised per channel in
a mutually exclusive way (see section 2.4.2 a, Figure 2.2a for an example,
and Appendix II for the system's channels and the codes per channel).

Per recording (except in week 12, when both infants fussed) five minutes of
uninterrupted mother-infant interaction have been transcribed by one
transcriber.

Micro-analytic transcription of the movements has been computer-assisted
using hard- and software, developed for the Netherlands Prevention Fund
project (Dijkstra, 1989; Koopmans-van Beinum et al., 1990).

a. The first two years

By recording mother-infant interaction from birth to two years old, an
extensive period is covered in which major changes take place. When early
and later behaviours must be compared, the description system should not
have changed during that period.

Codes for similar movements of a newborn, a two-year-old, and a mother
have to remain the same. Timing differences are accounted for in the
micro-analysis of the recordings. An infant may need some time to visually
find its mother's face, whereas a toddler can do so in a second. The
duration of the infant's sound productions will also vary considerably.
Combining the onset- and offset-time (duration of the sound) with a code
for the type of sound production can reveal important changes in the
channels for sound production of mother and infant.

Certain movements (such as walking) develop only later on, while earlier
movements (as a 'shaky head') disappear completely. The movements of a
neonate differ from those of a two-year-old child with regard to
smoothness, timing, coordination, and direction of a movement. Also, the
movements of the mother in interaction with an infant change during that
period: ‘care-taking' is replaced more and more by playing and by
providing instructions.

b. The movements

The transcription system (Appendix II, based on Van der Stelt &
Jansonius-Schultheiss, 1990) has codes for all movements of mother and
infant that are likely to occur in naturalistic interactions during the first
two years. It is not limited to a priori communicative movements as
greeting or nodding affirmatively.

Usually, adult communicative movements are composed of well-timed
simpler movements (e.g. Condon, 1977; Stern, Beebe, Jaffe & Bennett,
1977) as sound production, smile, gaze shift, touching hands and cheeks in
the 'greeting ritual'. These simple movements (see below, section c.) are not
necessarily communicative as such (e.g. a gaze shift). In the interaction
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with a known human being, a communicative function is attributed to that
movement.

In some pairs only half a word can mean as much as a long speech in
another pair. The meanings of these particular interactions have to do
with the mother-infant ‘love affair’. Stern et al. (1977) employ the term
‘maintained engagement', and Bullowa (1979) refers to the relation as
'being in communication'. The affect system is regarded to be basic to the
further development of an infant, including its speech development (e.g.
Fernald, 1992; Bloom, 1993). In this context of emotional engagement,
certain movements can become more specifically related (acquiring a
meaning), and thus gain in communicative importance, since both partners
know that the other is familiar with the meaning of the movements. The
quality and timing of movements may gradually approach those of the
standard adult communicative system or remain part of a private system of
communication in that pair.

Beforehand, and as an outsider, it is difficult to know which movements
are 'working or going to work' and which are not: this is for the mother-
infant pair to decide. Therefore, the transcription system takes into
account all movements in the recordings made during the two years. The
possibility to compile simple movements of mother and child into 'new
interactive behaviours' is considered a prerequisite in any analysis of
mother-infant relations and their developmental processes. Certain
compilations of simple movements may remain present in the interaction,
while others fade away as their relevance disappears.

Initially, a mother may react audibly by means of a glottal-stop sound at
the beginning of her utterance upon a purely vegetative sound of her young
infant (as a hick-up). The function of this auditory interaction may be
transposed to new infant sounds as soon as vegetative sounds are
neglected by the mother.

C. The movements per channel

The transcription system consists of 16 channels in which approximately
200 codes for simple movements are categorised (Appendix II). The word
'simple’ does not refer to the cybernetic coordination of the movement as
such: certain codes in the transcription system result from complexly
coordinated movements (e.g. sound production). A movement is called
simple when it is transcribed by means of one code in just one channel. The
channel stands for a category of movements. In the channel for head
movements, for example, different codes are used for movements in the
horizontal and vertical planes, as well as for the smooth combination of
these movements. Many human behaviours consist of combinations of
simple movements: greeting each other is at least composed of 'looking at
each other', 'smiling’, and 'vocalising' or 'shaking hands".

One channel is used for the coding of mother-child proximity changes. Of
the remaining 15 channels, eight are available for the child and seven for
the mother. One channel per person is used to transcribe the sound
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& productions. The non-vocal movements are transcribed with regard to the
body parts involved in the movements, and in the same manner for mother
and child: gaze direction, touch, and mimical, head, hand/arm, and body
movements. Leg movements are coded for the child only. Per channel the
coded movements are mutually exclusive, which means that at one
moment only one movement can occur in that channel.

The sound productions of the children have been coded in concordance with
our previous work on respiration, phonation, and articulatory movements
(e.g. Koopmans-van Beinum & Van der Stelt, 1979, 1986, Koopmans-van
Beinum, 1990).

The speech motor landmarks in the developmental mapping of the speech
mechanism are adapted in this transcription system with regard to aspects
of phonation and articulation during one respiration cycle. Number and
place of movements in the oral cavity are combined with aspects of
phonation like perceived rising and/or falling intonation. For reduplicated
babbling, separate codes are reserved for frontal movements ("papapa") or
back-of-the-tongue movements ("gagaga"). The codes for these sound
productions are thus mutually exclusive in the group of babbling sounds.
Codes for vegetative sounds, crying, and laughing are added, and of course
'mono-, bi-, and tri- or more-syllabic-words' have different codes as well.
Infant imitations of (parts of) the mother's sound production are indicated
by specific codes or by codes used for the mother's utterances.

The utterances of the mothers are coded with regard to their
communicative function, for example 'reacting upon the child's sound
production’ or 'focused upon body movements'. The content of the mother's
utterances is written down in a column reserved for comments and is not
used in the analysis as such.

The transcription system results in a kind of orchestration of all the
movements that occur in mother-infant interaction. This manner of
describing mother-infant interaction in terms of simple movements in
different channels has several advantages.

By breaking down complex movement patterns into simple movements, the
number of codes is reduced (comparable to phonetic acoustic analysis).
Essential movements that make out the greeting-ritual may be the gaze
plus sound production plus touching hands, with at times a smiling face as
an addition. If a transcription system focuses on complex movement
patterns, the greeting-ritual-with-smile has to be coded differently from
the greeting-ritual-without-smile. Breaking down the complex patterns to
simple movements also has its advantages during the transcription itself.
Training is a prerequisite with the system, but during the coding of
movements in the channel 'gaze direction', the transcriber can just
concentrate upon the seven codes of that channel.

Another advantage of this system is, that the choice of movements to be
described can be related to the aim of a study. If a researcher is only

interested in face-to-face contact, the codes for other gaze directions can be
deleted.



Data collection and processing 41

d. Transcribers

In this study I have chosen for one transcriber for the recordings of Claire
and EVE, and of Fanny and SUSAN. Initially, the first six recordings of
Claire and EVE have been transcribed by means of a paper-and-pencil
method by two independent, trained transcribers (c1 and c2, see Table 2.1),
because at that time the computer-assisted transcription was not yet
available. These written transcriptions were fed into the computer
afterwards and were checked while watching the video recordings.

Comparison of the transcriptions of these two transcribers showed
differences especially with regard to the number of movements that were
indicated, and not so much to the chosen codes. Some examples can
explain these differences.

When the infant is looking into the direction of the camera, a transcriber
may notice the difference in gaze direction between 'looking at the object’
or 'looking at the person behind the object. For the channel sound
production a comparable example can be given. If an infant is producing a
series of audible respirations, a global transcription will link the series. A
narrow' transcriber, interested in the rhythm of respiration, indicates a
series of codes for the onset and offset of each 'vegetative sound'.

Certain movements were 'not-seen' in one transcription, but were 'seen’ in
the second one, and vice versa. For the comparison, coded movements were
regarded to have happened in either one of the transcriptions. The narrow
transcriptions, indicating more movements than the broad transcriptions,
ended up with a low percentage of consistency. Broad, more global
transcriptions had indicated the major part of the ‘obvious movements' and
thus had a higher percentage.

Table 2.1

Comparison of the number of codes in four channels as indicated by two
different transcribers in a recording of Claire and EVE. The number of
codes in common (cic) is given per channel, as well as the number of codes
per transcriber (c1, c2), and the percentages for consistency of codes in the
two transcriptions. Gaze direction: IV (Infant Visual), MV (Mother Visual).
Mimical movements: IM (Infant Mimics). Sound production: IS (Infant

Sound).
channel cic ci % c2 %
v 38 41 95 52 73
MV 35 35 100 51 69
M 38 42 90 56 68
IS 26 30 87 47 55

Mean 34 37 93 52 66
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y Table 2.1 gives an illustration of the differences between the two
transcribers. The more global transcriber (c1) reached a higher percentage
of codes-in-common than the narrow transcriber (c2), but the movements
that were not noted by the broad transcriber can play a role in the
interaction between mother and infant. The percentage is not decisive as
such. It was decided to have the second transcriber (c2, the author of this
thesis) transcribe all recordings in a narrow way.

Transcription (over the sixteen channels) of a five-minute session of
mother-infant interaction (per recording) took approximately eight hours,
and proved to be depending on the quality of the video recording as well.

The consistency in the narrow transcriptions of the recordings of Claire and
EVE, and of Fanny and SUSAN was checked in a second transcription of
certain recordings (see Table 2.2 in which c2 was checked). Per channel an
interaction segment of at least two minutes was selected within the five
minutes that were transcribed previously. The recordings were chosen in
quite different age periods to check the transcriber's accuracy upon
different, age-related types of movements. In total, 44 channels over 7
recordings were transcribed a second time. These second transcriptions
were made by me (c2) about two years after the first ones. The selected
channels are used in the chapters on intersubjectivity, intentionality and
turntaking. In Table 2.2 the mean percentage and range per compared
channel are given.

Table 2.2

Mean percentage and range for consistency in number of codes per
transcription over eight channels, transcribed narrowly by c2 from seven
different recordings of Claire and EVE, and Fanny and SUSAN over the first
two years. Gaze direction coded in the visual channel is indicated for infant
(IV) and mother (MV), sound production as IS and MS, mimical movements
as IM and MM, and head movements as IH and MH.

channel mean % range %
v 78 72 - 88
MV 81 62 - 96
IS 89 72 - 97
MS 86 75 - 96
M 83 73 - 93
MM 87 75 -100
IH 78 72 - 84
MH 89 87 - 91

Mean 84 Total 62 -100
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The comparison of the two sets of transcriptions was made (per segment)
with regard to the number of codes and their approximate time-indications
in the channels. In either transcriptions, the missing codes were regarded
as 'possible events', which had gone unnoticed. The comparison was made
manually, which accounts for likely mistakes in onset and offset time and
for obviously missed codes.

The second transcription has been consistent with a mean percentage of
84% for the number of movements per recording, representing the codes in
common versus the total of possible codes (including the 'unseen
movements' in any of the transcriptions). This percentage is acceptable in
view of the variation in quality of the recordings. The range in the
consistency of transcription is 62% to 100% for the 44 transcribed
channels. Fluctuations in the number of movements and codes for mother-
infant interactions per transcription were within the range of fluctuations
of the interactions over the two years (see Appendix III).

e. Five minutes

Except for the third recording (week 12), the mother-infant play situations
lasted about 14 (during the first year) to 20 minutes. Among these episodes
it has been possible to select five minutes of uninterrupted, engaged
mother-infant interaction. Transcription of five minutes per recording
offered an acceptable equilibrium between the number of movements, the
different codes, and the consumption of time for the transcription.

The mean number of changes (onsets and offsets over the sixteen channels)
per pair and per recording is calculated, as well as the mean number of
different codes. These numbers give an indication of the amount of
movements per five minutes, transcribed in the sixteen channels.

Table 2.3

The mean number of changes and the mean number of different codes as
well as the total numbers in the five-minute transcriptions of the 24 matched
recordings, given for the two pairs.

changes different codes

recordings mean total mean  total

Claire 24 467 11215 44 1064
EVE 24 464 11124 48 1154
Claire+EVE 24 931 22339 92 2218
Fanny 24 491 11776 45 1073
SUSAN 24 367 8811 45 1089

Fanny+SUSAN 24 858 20587 90 2162

{ei\
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Certain recorded interactions were quiet ones, while others were full of
movement. Within one recording the number of movements per channel
and the different codes varies according to the kind of interaction. A book-
reading situation may show a relatively quiet child, compared to the
hand/arm movements of the actively pointing, page-turning mother. In
object-manipulation the reverse can be found. When either of the two was
fairly active, the partner may remain somewhat more quiet or may join the
activities (see Table 2.3, and Appendix III).

The choice of five minutes of uninterrupted naturalistic mother-infant
interaction in a recording is fairly arbitrary, in view of the fluctuations in
the number of movements in mother-infant interaction over the two years.
In that period the play situation changes considerably, whereas one single
semi-structured situation, like book-reading, is not occurring in all
recordings of that period. In my opinion the transcription of five minutes
naturalistic mother-infant interaction per recording offers a fair chance to
find examples of 'selective’ mother-infant interaction, considering the
number of movements that occurred. Table 2.3 gives an overview of the
changes that occurred in the transcriptions of the recordings over the two
years (see Appendix III).

f. Micro-analysis

In the example below which comes from the literature, a complex
movement pattern of mother and baby is given by Halliday (1979). The
sequence of movements of the body parts involved does not necessarily
represent their timing. It is not clear whether the mother's movements are
simultaneous to the child's, nor to which ones they are.

"The child is moving his face, his lips and tongue, his arms and
hands and his whole body, and the movements are directed
towards his mother: he is addressing her, and she is 'receiving'
him. Simultaneously, she is addressing him with sounds and
gestures of her own and he is receiving her."

(Halliday, 1979, p. 171)

A micro-analytic description of the simple, mutually exclusive movements
per channel opens the way to analyse interaction with regard to the timing
of simple movements in different channels. Then, the 'responsibility’ for
the establishment and the termination of face-to-face contact in the given
example can be laid by either one of the persons. In a deviating interaction
one person then can be blamed, and the question remains whether that is
a correct conclusion.

In the approach presented in this thesis, the system is held 'responsible’,
not the individuals. The individuals, in their mutual engagement, are
expected to deal fairly adequately with the behaviours of their partner and
the effects on their own behaviours.
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g. Computer-assisted transcription

The initial paper-and-pencil-manner of transcription was later on
computerised to reduce the amount of time needed per recording. A data
base was constructed to facilitate the analysis of the data. A hardware
device enabled encoding and decoding of the unique frame numbers, while
a software program linked the QWERTY-keys of an Olivetti PC and the
frame of the video recorder.

Per recording, per channel, and per person a 'protocol' file was constructed,
with onset- and offset-times of each code. These were found by means of
slow motion display. The resulting sixteen files per transcription can be
transformed to ASCII files. These serve as input for other programs, like
FP for counting and PROGRAAF for visual data representation or
processing (see section 2.4).

Hardware

While copying the original tape to a tape for transcription, each video
frame was given a unique frame number by means of a Video Code
Generator/Detector device (VCGD). This system has been developed at the
Institute of Phonetic Sciences, University of Amsterdam, in cooperation
with the TNO Institute for Perception in Soesterberg, the Netherlands.
Every video frame is built up in 0.02 seconds and the frame number thus
changes in synchrony while watching the recording. By linking the
recorded stopwatch time from the screen to the frame number, the latter
could serve as a time indicator. The transcription input program (PROTIN)
used the frame number to calculate the onset- and offset-times of codes.
The video tapes were played back on a Sony Vo 5800 recorder with a
continuous forward and backward search mode for frame-to-frame
analysis, and were displayed on a colour monitor (Grundig, 63 cm). The
VCGD was connected to the Sony recorder and to an Olivetti M24 PC,
modified with an interface card for the VCGD-input. The PC could read the
time per frame automatically as soon as a QWERTY-key for a code was
touched.

Software

The modifications of the PC have been accompanied by a software program
PROTIN, written in Turbo-Pascal 3.01A (Dijkstra, 1989) to store
transcription data from (micro-analytical) event studies. The program
leads the user through various levels of data input (e.g. identification of
the pair, date of the recording, channel to be coded). At the protocol level,
representing a channel with the codes, a choice must be made for input
from paper-and-pencil transcriptions or automatic input of the frame time
from the VCGD system. Merging and splitting up of protocol files in their
correct time sequence, or transformation of the data into ASCII-files is also
possible.

The program has an edit function for the comment column, in which an
orthographic notation of sound productions (a mother's utterance), a
comment about a situation or an action can be given. Apart from some
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i/ special function keys, all QWERTY-keys can be used for coding per
channel.

Onset- and offset-times of codes

As five minutes per recording were analysed in sixteen separate protocols,
the start of the transcriptions had to be exactly similar for all protocols.
Only then, merging of the files for mother and infant would not violate the
sequences of the coded movements.

When the protocol was given its identification, the actual transcription of
the chosen channel had to start with the frame number that marked the
onset of the five minutes. That first frame number had to be linked to the
recorded stop-watch time of the tape displayed on the monitor.

When the mother started to look at the face of the infant, the F-key for
'looking at Face' was pressed, followed by a return. Then, PROTIN
searched automatically for the frame number and calculated the time in
seconds and hundreds of seconds: the code F appeared in the channel for
Mother-Visual together with a time indication.

By means of the search mode of the video recorder, the tape could be
advanced very slowly until a change in gaze direction occurred. This
change could be seen from a rather blotted image of the eye. Within a
fraction of a second the next code for gaze direction could be chosen. A final
check of the 'logic' of the transcription per protocol, with regard to the
codes and their sequence and with regard to the increase in time was then
executed upon request by PROTIN.

2.4 Data processing

The approach of mother and infant as a sensori-motor system must also
account for movements of the individuals which seemingly have no
function in that system. Therefore, a sensori-motor transmission model
was formulated together with constraints per channel for transmission of
movements between the two persons. The reduced data set is analysed
further by means of software programs.

2.4.1 Sensori-motor transmission model for mother-infant
interaction

The movements (in this study transcribed for the five minutes of mother-
infant interaction per recording and per person) represent the basic
material from which mother and infant select, privately, their
communicative movements. The choice to react or not upon a movement
changes with the ongoing development, and with personal and with
situational aspects, which applies to the mother as well as to the infant.
Getting to know mutually audible signals and facial expressions must be
important in the development of communication.
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A model for the transmission of movements between mother and infant is
presented in Figure 2.1. The ‘output’ movements by both partners are
coded by means of the transcription system (Appendix II): eye movements,
mimical movements, head movements, hand and arm movements, body
movements, leg movements of the infant, and speech movements.

The sensory information (‘input’) in mother-infant interaction in this study
is processed primarily by the visual (eye), the acoustic (ear), and tactile
(touch) senses of the partners.

The sensori-motor transmission between two individuals usually is
limited, since not all movements of both partners are constantly being
perceived by both partners. In adult human communication systems,
certain movements function as a signal in the 'noise' of other,
simultaneously present movements. Certain communicative movements,
such as an eye wink, likely occur when the receiver is looking at the
sender's face from a certain distance. Other movements result in more
than one sensory perception, like 'looking at’' and 'feeling the caressing
hand,, or looking at a speaking mouth.

Constraints on the transmission of movements were in my study described
at a fairly simple level, since memory for previous movements is not taken
into consideration. The infant may turn his gaze away from the smiling
face of his mother, and when returning his gaze to her face see a neutral
expression. This would be regarded by the model as a completely new
situation. Thus, movement patterns displayed in time during mother-
infant interaction are not linked. Furthermore, the sequence of movements
perceived by the partner is also neglected.

Not all sixteen channels for mother and infant interaction are taken into
account in this thesis, since the compilation of simple movements into
more complex patterns has been restricted. In the transcription system
(Appendix II) the movements which a person makes are categorised per
channel. In Figure 2.1 the grey triangles and blocks indicate the selected
transmissions. For each channel the constraints for transmission of the
movements to the partner are indicated below. The asterisk before the
channel names indicates that those channels are used in the approach of
the mother-infant system as studied in this thesis.

* Eye movements, i.e. changing the direction of the gaze (coded in the
channels MV and IV for mother and infant respectively), are important in
mother-infant interaction as they may indicate that attention is focused
elsewhere. An eye movement is regarded as transmitted only when the
partner is looking at the face of the 'sender’.

* Mimical movements, i.e. changing the facial expression of mother or
infant (coded in the channels MM and IM), are considered to be
transmitted only when the movements were seen by the partner. This is
the case when that partner is looking at the other's face while the
movements occur.
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Y * Head movements (coded in the channels MH and IH) are thought to
'work' in mother-infant interaction only when gaze direction is towards the
face of the partner while the distance is relatively small. A very young
infant can focus between 20 and 50 cm, so when sitting on the mother's lap
and looking at her body, her head movements are not seen by the infant.
The mother who is looking at the body or hands of the baby can see the
infant's face only peripherally. The focus of attention is not upon the
infant's head movements and these are therefore regarded as not-seen by
the mother.

* Sound production movements (coded in the sounds channels for mother
MS and child IS), resulting in audible utterances, are perceptible for the
partner in all circumstances since all recordings were made when mother
and child were interacting in the same room. The auditory channel is a
very 'sure’ medium in this transmission system.

The segmentation of the (speech) sound stream into utterances making up
a conversational turn by mother or infant is based on the physiological
limits of the respiration cycle; this holds for mother and infant. The pauses
between the utterances, resulting from the inspiration or from intended
silence, are regarded to be transmitted as surely as the utterances
themselves.

Tactile information is supposed to be transmitted in mother-infant
interaction whenever the partners somehow touch one another in a
changed way, which was visible for the observer (coded in the channels MT
and IT). When the mother kisses the baby on the cheek, the moment that
she touches the baby with her mouth is coded in the IT channel. The head
movement and probably the smile of the mother will have started shortly
before and are coded in the mother channels. Touching oneself is coded in
the personal hand/arm channel by means of certain codes.

Hand and arm movements (coded in the MA and IA channels) are
considered to be perceived by the partner when the gaze is directed at the
body of the actor. When looking at the face, hand or arm movements may
be seen as well, but more peripherally. Certain movements are clearly
tactile, like caressing, and are thus coded in the tactile channel of the
partner who is touched. Apart from speech sound production, other
movements, like hammering, are audible as well. These audible aspects of
movements (a touching hand) have been disregarded in our transmission
system.

Leg movements of the infant are coded in channel IL. The infant's leg
movements are regarded as visible to the mother when she is looking at
the body of the baby. Walking has been coded in this channel as well as in
the channel for 'body movements'. The movements of legs were not coded
for the mother, since the lower part of her body usually was not visible in
the recordings.
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Figure 2.1

Sensori-motor transmission model for movements and perception of the
movements by the partner. The movements are indicated in a rounded
block, and the perception systems in a triangle. The grey ones are used in
this thesis. Constraints for the transmission of movements between mother
and infant are described in section 2.4.1.

Body movements (in the channels MB and IB) are transmitted when gaze
is directed either at the face or the body of the partner, which may occur in
situations when the distance between mother and baby is large. Changes
in posture can also be transferred via the tactile channel, when the mother
is holding the baby.
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~ 4 Proximity changes have been coded relative to the mother in channel MP

in three categories: body-body contact, within arm distance of the mother,
and outside that distance. The constraints for this channel are expressed
relative to other channels, such as the tactile one, for example.

In these sixteen separate channels the coded movements of mother and
infant in interaction can be combined to form more complex patterns,
keeping the formulated constraints in mind.

An individual 'behavioural score' of movements that occur only in a few
selected channels, such as gaze direction and mimical movements, can be
obtained. With some practice it is possible to read' the score and to
reconstruct the actual situation in which a person's movements occurred. A
compilation of movements into an 'interactional score' is also possible, by
selecting channels of both persons, like gaze direction of both persons and
mimical movements, representing the flow of their movements. At times,
mother and infant act simultaneously in the same channels, or they
alternate their movements.

The behavioural score is comparable to the score of a musical composition,
which prescribes what must be done at a certain moment. The transcribed
movements have their place in time, they have a duration, a position in the
sequence of movements per channel, and a position in relation to
movements in other channels as well. The sensori-motor model for the
transmission of movements in the different channels (such as actually
seeing certain movements) is thought to be helpful in finding patterns in
the mother-infant system.

2.4.2 Movement pattern definition and detection:
PROGRAAF

A software program PROGRAAF (Kerkhoven, 1989) was written to assist
the definition and detection of patterns. The program is written in Turbo-

Pascal and is used for MS-DOS computers.
PROGRAATF has three main functions:

1. a graphical representation of the transcribed data to enable a
visual inspection,

2. the possibility to select specific channels and codes from the data
base, and

3. a simple calculator for duration and frequency of a selected

movement pattern.

The first function of PROGRAAF, graphical inspection of the micro-
analytic data, is useful for the detection of movement patterns. In
PROGRAATF the ‘pictures' can be given in various ways:

a. As a score, in which the channels are represented as vertical lines
like in Figure 2.2a . The codes in the channels are indicated on the
lines, like blank or dotted blocs. The time base can be changed to
obtain a more extended or a more dense version of the score.
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smiles

glottal stops
head left to right
‘aaarrruh’

head right to left
neutral face

smiles

‘aarruhhh’
looks down, object fallen

eyebrows raised + glottal stop

face-to-face
head raises

‘aaaahhuuu’, rising

neutral face

laryngeal
frown + head turn

C = criterion file, created by PROGRAAF: sound + looking at face
IV = infant visual channel, code f = looking at the face of the mother
IT = infant being touched (not used in this study).
IM = infant mimical movements, code s = smile, e = eyebrows raised
f = frown; neutral face is suppressed in score.
{H = infant head movements, code h = horizontal, v = vertical, r = h+v
IA = infant hand/arm movements (not used in this study).
IL = infant leg movements (not used in this study).
B = infant body movements (not used in this study).
IS = infant sound productions, codes described in comment column.

Figure 2.2a

The score over eight channels for an infant in the second recording. Per
channel the ditferent codes are indicated as blocks, the filled ones have
been used in this study. In the comment column, extra information can be
given about the codes or the situation. The C-channel has been created by
PROGRAAF from the visual and the speech sound channels.
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As a cumulative histogram of the number of movements that occur
in the (selected) channels during a given time lapse (see Figure
2.2b). This manner of data representation gives an impression
about the density of actions per time unit.

flesie v Cumulative histogram for
time all indicated movements

B
0123456
number of movements
The channels IV and IM are 'continuous": always a code present.
PROGRAAF has suppressed 'neutral face' in the IM channel [_—_~ ~|
In the IV channel different codes are indicated by different blotting patterns.

Figure 2.2b

A score over eight channels for an infant, constructed by PROGRAAF from
the original transcriptions of the second recording. Per channel the different
codes are indicated as blocks. In a cumulative histogram of the eight
channels, the number of codes present per time unit are given.
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The second important function of PROGRAAF is the selection of the micro-
analytic data, to check upon the occurrence of specific patterns of
movements. Channels and specific codes can be selected, copied to a new
channel, or skipped altogether. Furthermore, just the onset of a movement
can be selected, the codes then lose their duration and thus are given as
spikes only. This function has been very useful, especially for the research
discussed in the chapters to follow.

The 'movements on the infant's face, coded in the mimical channel, that
occur during 'looking-at-the-face-of-the-mother' in the channel for gaze
direction can be selected, for example (see Figure 2.2a). The program will
then indicate these patterns in the score-mode (with the onset- and offset-
times). This ‘criterion’ pattern can be saved as a 'new' file, to be used in
further pattern search. Combining this file of the baby with 'looking-at-
the-face-of-the-baby-by-the-mother' can then indicate the moments when
the mother actually sees the baby smile, or frown, or raise his eyebrows,
which point at an interactional pattern (Infant-smile during face-to-face
contact, etc.). These patterns must be defined with regard to the simple
components (movements) of the two individuals. In Figure 2.2b, for
example, the neutral facial expression (not-filled blocks) is indicated in the
infant's mimical movement channel (IM), but can be suppressed in the
analysis.

Manipulation of the onset- and offset-times of the codes is also possible.
When a pattern is selected, PROGRAAF gives an option to add (fractions
of) seconds to the onset- or offset-time of a code, even when the code is
changed to a spike-code. In this manner the program can be used in a more
tolerant way, accounting for 'timing-errors’ in a pattern. If it is expected
that the mother will smile and talk almost immediately after 'face-to-face
contact', the pattern detection can also be used more strictly in time. On
the other hand by adding time to the offset-time of specific infant
movements, the baby's coordination difficulties can be accounted for.

Finally, PROGRAAF gives some statistics on the patterns, like, for
example, the number of times a pattern has occurred in the transcription,
information on duration in seconds of the pattern, and the percentage of
time of the pattern in relation to the total duration of the transcription.
When the selected pattern consists of 'mimical movement' during 'face-to-
face contact’, PROGRAAF indicates the duration of mimical movements in
the total recording and that of mimical movements during face-to-face
contact.

2.4.3 Frequency Program: FP

FP is a program for straightforward counting in the PROTIN-files which
are constructed during the actual transcription of the video recordings.
The files contain information about the number of different codes per
channel and about their durations. A slight transformation (suppressing
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¥ comment and header information for example) is necessary to use the files
as input for the FP program. This statistical program has been adapted by
R. van den Horst of the Centre for Mathematics and Informatics, in a
cooperation of that Centre, the Paedological Institute of the City of
Amsterdam, and our Institute of Phonetic Sciences of the University of
Amsterdam. It now gives an overview of the various codes for movements
per channel and per recording with regard to their occurrences and their
durations. This last aspect was useful for our purpose, as this was
impossible in the previous version of the FP program.

Per code the frequency is given per transcription, together with that code’s
contribution to the total number of codes in that channel as a percentage.
The overall durations of the different codes are given in seconds and as
percentages of the total duration of the transcription. Of each code the
mean, median, minimal, and maximal durations are calculated. The
amount of time that no codes occur in the channels is given as well.

The program can do these calculations for the PROGRAAF-files, i.e.
representing specific patterns of movements in a similar way. A simple
overview of the amount of time of face-to-face contact as well as the
number of the contacts in the subsequent recordings can be given by
computing the results from FP.

2.5 The following chapters

In the following chapters, intersubjectivity, intentionality, and turntaking
are defined as compilations of simple movements of mother and infant.
Specific movement patterns are chosen to represent the three fundamental
characteristics of communication systems. These are analysed in a
quantitative way along the lines of the transmission system, in order to
decide about their possible communicative value. In this operationalisation
the qualitative difference between adult and infant behaviour is
disregarded. Per chapter the consequences are discussed. The possibilities
of PROGRAAF are used to search for the movement patterns in the
original data base which covered the recordings over the two years. FP is
used for quantitative aspects of the movements.

For intersubjectivity, mutual visual orientation and vocal-aural tuning is
important (Chapter 3). Intentions are transmitted by means of movements
only when mother and infant are attuned towards each other (Chapter 4).
Turntaking of the mother upon sounds of the infant must occur within a
certain pause at the end of the sound production (Chapter 5).

The first outline of a method to objectively evaluate movement patterns in
the mother-infant system in relation to speech development (see Chapter
6) is mainly based on the quantitative measures like amount of time and
number of movement patterns.



INTERSUBJECTIVITY

Abstract

Communication in humans assumes intersubjective tuning between at least
two individuals who have both noticed each other. This tuning is regarded
to be one of the common characteristics of communication systems. The
approach chosen in this thesis focuses on the description of the movements
of the individuals conforming to the sensori-motor model which formulates
the constraints for the transmission of movements.

In the mother-infant system, the tuning is initially a multi-modal
phenomenon with affective pre- and post-natal roots. Tuning via the two
distance channels is also related to this basic aspect of communication
systems. Speech development is at-risk if a gradual uni-modal tuning is not
established during the second half of the infant’s first year.

An initial asymmetry or inequality between the mother and her infant with
regard to specific behaviours is well-known. Yet, the mother and the baby
orient towards each other in a unique way. As such, they can be regarded as
a closed system. With the growing physical distance between mother and
infant, developmental processes proceed in the direction of adult behaviour.

In this chapter, the development of intersubjective tuning is described as
objectively as possible for the two mother-infant pairs throughout the first
two years. Early intersubjective tuning is considered to be expressed during
mutual gazing at the partner’s face, during simultaneous sound
production, and during simultaneous vocal-aural together with face-to-face
communication. The movements for the compilation of the patterns are
presented and discussed.

The intersubjective tuning of the two pairs, which were selected as test-cases
for the approach of speech development, is analysed for the three forms of
tuning during the first two years. Already during the first five months, the
pairs appeared to differ in the bi- and uni-modal use of the visual and
auditory channels for tuning.

Results are discussed in view of their possible impact on early speech
development, and with the following chapter (on intentions) in mind.
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Chapter 3

Introduction

"The ethics of all civic and practical messages depend on such
emotional sharing utterly."
(Trevarthen, 1990, p. 690)

Intersubjectivity, the mutual notion that another important creature is
present, is the focus of this chapter. This very basic aspect of human
communication systems can make use of the various sensory-motor
modalities. With our approach (introduced in the first two chapters) of
early speech communication in mind, we explored how the two mother-
infant systems gradually tune in via the visual and auditory modalities.
Literature on mother-infant interaction will be presented with regard to
developmental aspects of intersubjectivity and intersubjective tuning in
relation to speech development.

The compilation of simple movements for intersubjective tuning is
discussed. The results for the two mother-infant pairs are presented and
discussed.

3.1.1 To reanimate 'intersubjectivity’ for the adult reader

Stage: elevator in a skyscraper.
Actors: two sensible ones.
Attributes: none.

Elevator goes up, one insider.
Stops at floor nine, door opens.
Outsider comes in, door closes.

Actors tune in (or not) their sensibility

In the above reanimation, there probably is a comfortable distance
between the sensitive actors and a score of intersubjective sensations,
experienced from positive to negative by the individual actors. The
sensations change with the modalities, like the smell or the visual
impression of the co-actor. To many people, intersubjectivity has to do with
feelings and is therefore not regarded as a suitable topic for exact
description and analysis.

The approach chosen in this thesis delimits the notion to observable
simultaneous behaviours of two persons, excluding the observer's intuition
about the meanings of the behaviours, because these intuitions usually are
too subjective. Intersubjectivity, here taken as the interpersonal mental
engagements, supposes an effort of, in this case, mother and infant to
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make mind-to-mind links. Mother and infant must bridge a distance,
which is often indicated as an inequality in behaviours of the two persons
involved. When actually observing a mother-infant pair in free play
situations, the differences, however, seem less prominent. The distal
intersubjective tuning between mother and infant is described as
objectively as possible, as is the co-occurrence of certain simple movements
of the two persons.

Another pitfall is that, for adults, intersubjective situations soon touch
upon their knowledge of normal intentions of individuals (thus, the
interpretation of behaviours of the partner). In adults, the mere sensation
of someone present is often appreciated only subconsciously. In the
presence of someone (and even in the absence) we act 'meaningfully’, and
'spontaneous’ movements have a fair chance to be interpreted as an
intention. We can not imagine a world without intentions, without a goal-
directed motive for our movements.

In the literature, intersubjectivity and intentions are rarely treated
separately in the actual description of early interactions. In this chapter of
the thesis, however, the reader is kindly requested to disregard the
intentions, and rather focus on the underlying forms of intersubjective
tuning, or the ways that mother and infant pay attention to each other.

3.1.2 Literature and definitions

In this section, the literature date are presented with regard to
intersubjectivity and to the way that tuning is found in early mother-
infant interaction. The intersubjective tuning in a system may cause
tensions because of the individuals' preferences, and may divide the two
persons, resulting in interactions-at-risk. Special attention is given to the
use of distance modalities for intersubjective tuning, since these may show
in an observable way an underlying characteristic.

a. Positive feelings

In general, the term 'intersubjectivity' in literature refers to positive
feelings like togetherness, emotional bonding, mutual attraction, empathy,
and the intermediate, mutual, and reciprocal aspects of perceptions and
actions of affection between two persons (e.g. Trevarthen, 1985; Beebe,
Jaffe, Feldstein, Mays & Alson, 1985; Foster, 1990). Subjectivity stands for
aspects like belonging to one person, stemming from that person, or to
aspects related to the mind of that subject. The behavioural streams are
connected by the term 'inter’, as a method or a manner for the two persons
to express their relation in the time-space dimension.

Intersubjective tuning, affective bonding, and interpersonal empathy are
regarded as basic phenomena that even can be described from a biological
point of view (Trevarthen, 1985; Wind, 1986), crucial for the quality of
interpersonal contact, and a prerequisite for human-to-human speech
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communication and human social interactions (e.g. Murray & Trevarthen,
1985; Trevarthen, 1989; Messer, 1986; Myers, 1987; Stern, Hofer, Haft &
Dore, 1985; Toda, Fogel & Kawai, 1990; MacDonald, 1992; Mann, 1992).
Intersubjective tuning as part of the affect system between mother and
infant sets the stage for the infant's further development towards speech
communication as well (e.g. Bloom, 1993). This affective relation is seen as
a fundamental motive to communicate with another human being, and the
speech communication system has such motive as well.

b. Problems in intersubjective tuning

The literature often evaluates intersubjectivity between mother-and infant
as 'only positive', or the seemingly 'matural' manifestations of
intersubjective development in normal mother-infant pairs. The accent on
the positive feelings seems to result from a socially forced picture of
mother-infant relationships (Price, 1989), which may neglect the difference
in interests of the two persons involved and their contrasting situations.
Child abuse or worse by caretakers is reported regularly (e.g. Mann, 1992),
yet, caretakers are also able to sacrifice their personal opportunities in
favour of their infant's.

Because of difficult and painful labour, some mothers may feel anger
towards the child, which is not easily accepted socially (Price, 1989). Other
sources of negative feelings are, for example, the disappointment with the
sex of the baby, or the fatigue caused by the day-and-night-caring
schedules (Price, 1989). The quality of intersubjective tuning may depend
on these positive or negative feelings by the mother towards her infant. A
more jerky handling of an inconsolable baby, sometimes together with an
increasing tolerance for the infant's crying, exemplifies negatively coloured
intersubjectivity. Also, vocally tuning to the baby's sound production by
means of soothing sounds is difficult to implement for a mother with a
basic anger.

Intersubjective tuning is an interactive process between the adult and the
infant. Fraiberg (1979), comparing her own interactions with a blind and a
severely neglected, unattractive but sighted infant, expresses her feelings
towards the blind infant as follows:

"..., but always I had the sense of something missing, something
that should be coming back to me from Toni. There was of course
no fixation of my face. And something else was missing. Although
Toni smiled frequently in response to her mother's voice, she rarely
smiled in response to the voices of us as observers."

(Fraiberg, 1979, p. 150)

The sighted, unattractive child, however, sometimes gave the adult
reinforcing return’-messages that were interpreted as expressions of their
intersubjective relation.
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The newborn, looking at the mother's face, and the mother's scanning of
the infant's face is thus an important factor for interpersonal attachment
and for getting to know and to recognise each other (Fraiberg, 1979).
Adults, at certain moments and due to certain feelings, are at times less
ready to express themselves by means of these channels, and thus they are
programming the baby differently.

c. The onset

For scientists, early intersubjectivity can be difficult to define because of
its emotional aspect. For some it is thought to develop before birth between
mother and infant. For others, the concept is linked with 'self-awareness'
of the infant, comparable to an adult 'self-concept’, which develops much
later in infant life.

For the family, the pre- and post-natal period is a period of emotional and
social change. The mother perceives the baby after birth as a, really
present, new person. On the whole, it is not clear whether the baby
perceives the mother as a person. She was the baby's world before birth,
and he will develop gradually a notion of intersubjectivity after birth.

From birth onwards, an infant is clearly engaged in a process of
enculturation, as transmitted by at least one adult of that society. Only
some, the wolf children, seem to have survived without an adult (e.g.
Malson, 1972). Newborns give their visual attention more easily to
animate than to inanimate objects (e.g. Newson, 1977) and have a
preference for and react to faces (e.g. Bower & Wishart, 1979; Meltzoff &
Moore, 1977). Probably quickly attuned to the mother as a primary
caregiver, infants show preferences for her signals, which could be
demonstrated within a few hours after birth (e.g. DeCasper & Fifer, 1980;
Trevarthen, 1990). The infant is biologically pre-prepared for this social
interaction (e.g. Schaffer, 1977; Wind, 1986), in which the caregiving
adults, in their readiness to interpret the infant's behaviour as social, play
their role as well (e.g. Brazelton, Koslowski & Main, 1974).

Most adults cannot resist reacting upon an infant because of certain infant
features which are biological determinants for their actions. Appearance
and vocalisations elicit specific, programmed, unintentional behaviours
(Morath, 1979; Lewis, 1979; Papousek et al. 1985). Not all parents are
prepared for their role, but usually mothers quickly adapt themselves to
the urgent needs of this new baby person (Price, 1989). The mother
exhibits behaviours that are elicited only in the presence of the infant
(Stern, 1974), like babytalk or motherese.

In this study, intersubjectivity in a sociobiological sense is taken to be
observable from birth onwards as certain visible and audible behaviours.
The early forms of visual and acoustic communication set the stage for
adult speech communication, since constraints are not yet set primarily by
the context or the message. Without those barriers, mother and infant can
express their affection through the channels preferred for intersubjective
tuning. Approximately after the fifth month mothers start to use the two
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¥ channels selectively for affective tuning (Stern, Hofer, Haft & Dore, 1985).
The individual preferences for specific senses subsequently lead to the
diversity of human communication systems.

d. Tuning over a distance

Initially, mother and infant engage in multi-modal intersubjective
behaviour because they are in relative close contact. Infants probably can
perceive very complex forms of maternal care and stimulation (Trevarthen,
1990). The other senses of infants -like smell, taste, and touch (Montagu,
1972)- are also prepared for social exchanges right after birth. It is
important that, at an early age, the input for infant perception systems is
of a multi-modal quality, which enables the infant to connect distal
perceptions and proprioceptive changes (Powers, 1973; Plooij, 1984; Plooij
& Van de Rijt, in press; Sullivan & Horowitz, 1983; Meltzoff, 1985). In the
course of the development the use of the different modalities will become
more specialised. In about the third month, infants are reported to focus on
the partner's face and talking mouth, and to imitate mouth movements,
although without vocalisation (see section 3.2.3 a). Trevarthen (1979, 1985)
has called this oral behaviour 'prespeech’, as it resembles articulatory
movements used later in life. In this respect, the timing of the perceptions
is also contributing to the developmental process. Condon (1977, 1979)
points at a temporal synchrony of speech and body movements during
mother-infant interaction.

Although there is every reason to accept multi-modality in interaction, in
naturalistic situations early tuning is, for practical reasons, mostly
described with regard to the distance modalities. As an outsider of a
mother-infant system, it is difficult for an observer to measure and to
decide about a change in muscle tension, for example. The description of
tuning through the distance channels only (as in this chapter) may appear
‘premature’ in the mother-newborn pair.

Yet, it is acceptable to regard distal changes as the representatives of the
multi-modal tuning in general. First of all there is the synchrony in
behaviours in an individual (Condon, 1977, 1979) and between individuals
(Condon & Sander, 1974). Furthermore, the modalities must be linked in a
way, if later on, one of the perceptions (say, a picture of an apple) may
elicit the odour and the taste (of an apple which is not present). A third
point is that the infant's abilities to send or to receive distal messages
cannot be assessed with adult norms for the quality of perception. Perhaps
the mere use of the modalities is informative enough. Furthermore, there
is the infant's 'prespeech’ behaviour which can be interpreted as the onset
of selective use of the visual and auditory modalities, already present in
the third postnatal month.

The distal representative of intersubjective tuning may be misleading
during the earliest period, that is, if we consider mother and infant as
individuals. If, however, we observe them as a system, the intersubjective
readiness of the adult to interpret infant behaviour as communicatively
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intended (Foster, 1990) likely corrects such mistakes. The mother's tuning
is expressed through movements in the visual and auditory channels,
which programs the baby to communicate intentionally (Newson, 1979).
Soon, the infant's capacities to pay attention to, and to prefer social
interactions (e.g. Schaffer, 1977; Fernald, 1992) are also taken to be
reflected in behaviour in the 'distance’ channels. In the literature, various
types of intersubjective tuning are discussed, especially during the first
five months of mother-infant interaction.

The visual channel is clearly very important in the communication between
human individuals. In many situations the focus of attention of a person
can be deduced by looking at the eyes of that person.

Face-to-face communication occurs mainly during the first four to five
months of mother-infant life. This 'intense eye contact' is an expression of
visual attention for the other person and is basic to perceiving the
partner’'s emotions. Face-to-face communication is initially embedded in
the multi-modal complex of interpersonal exchanges, the realm of the
'unobservable senses'. The infant's gaze at the face of his mother is
interpreted by the mother as 'showing attention', and this infant behaviour
increases the mother's responsiveness dramatically (Stern, 1974). Gaze
aversion of the infant is considered to end an interactive exchange. It is
likely that the usual decline in face-to-face communication (at the age of
four to five months) is related to the infant's interests in the world of
objects which is introduced to the infant by a cooperative mother (e.g.
Fogel, Young Dedo & McEwen, 1992).

Infants change their facial expressions selectively according to visual
stimuli, such as the mother's face, and in relation to different experiences
(Bower & Wishart, 1979). They show distress when the mother does not
act as usual (blank face experiments, e.g. Papousek, 1979; Genta,
Tartabini, Costabile & Zamberlan, 1986). Research on sound perception of
infants has used a detailed study of the child's facial expression, since it
can show 'attention’ or rage' (Eisenberg, 1979). Nelson (1987) suggested
that only around the fourth month the mother's face is "perceived as a
special class of stimuli” (p. 890). A younger infant cannot perceive the
mother's facial expressions because of its lack of perception of contrast in
the visual system. These reports accentuate the mother's interpreting role
early in the development of the system. Visually an infant will need a
facial scheme which probably is constructed during the first four months
from a moving face because then perception may be better than from a still
face (Nelson, 1987). The infant's dependence upon secure, intersubjective
relationships (e.g. Bowlby, 1969, 2nd edition; 1984) has been
underestimated for quite some time.

It is reported that the face of the mother easily elicits infant 'attachment'
behaviour, such as attentive watching, smiling, and vocalising (Blehar,
Lieberman & Ainsworth, 1977). In turn, this touches the mother, eliciting
her exaggerated facial expressions and vocalisations (Stern, 1974). A
prolonged gaze at her face is interpreted as an "intention to engage in an
interaction” (Stern, 1974, p. 189, my italics, pointing at inter-subjectivity).

s
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)
: ) This results in smiles and homogeneous types of vocalisations to the baby
7)Y (Papousek, Papousek & Bornstein, 1985). Adults slow down the tempo of
their facial expressions and simultaneously exaggerate them, enabling the
infant to acquire that face scheme (Stern, 1974). Later in the first year,
mothers are reported to switch between the two distance channels for
affective tuning (Stern, Hofer, Haft & Dore, 1985) which is a modification
of early intersubjective tuning, as such directing the developmental
process towards adult behaviour.

The vocal-aural channel between mother and infant is different from the
adult one in emotionally neutral speech communication. In early vocal-
aural communication, i.e. taken as the production of sounds and as hearing
these sounds, vocalisation in unison (simultaneous sound production) by
mother and infant (Stern, 1974) can be regarded as another expression of
their intersubjective tuning and unique relationship. It is likely that
vocalisation in unison is also related to affect attunement (Stern, Hofer,
Haft & Dore, 1985), which is basic for the acquisition of self-awareness.
This overlapping vocalisation, like overlapping gaze in face-to-face
communication, usually disappears after the first four to five months of
mother-infant life (Ginsburg & Kilbourne, 1988).

The newborn infant’s vocalisations are usually interpreted as a message
with a physical meaning. The birth cry of a newborn is a reassuring sound
for the adults, as it signals that the infant will live and has started to
breathe. The early sound productions of infants, of which the cries are the
most prominent ones, activate the parents to check the physical well-being
of the baby (Morath, 1979). This is an adequate caregiver reaction, for the
newborn cries are more or less linked to specific internal states (Wasz-
Hockert, Lind, Vuorenkoski, Partanen & Valanne, 1968). Sooner or later
parents are able to recognise hunger or pain cries of their infants (e.g.
Murry, Hollien & Maiiller, 1975), which of course is related to their
knowledge about the infant's daily routine and feeding schedule. The non-
cry sounds of the young infant are often seen as reflexive, diffuse bodily
reactions, 'unarticulated sounds' as a by-product of bodily movements
(Wind, 1970). Yet infant sound productions differ in various situations in
their supra-segmental or prosodic aspects (e.g. Delack, 1974).

Most caregivers don't consider the infant's ‘inability to speak’ (e.g. Bullowa,
1979) to be any reason to be silent to their children, but they await the
time that they can talk together. Apart from the preoccupation with the
infant's well-being, almost all parents engage in sound production with the
infants. They talk 'nonsense' to their infants. At the same time, however,
they contribute to parent-infant tuning by means of the vocal-aural
channel, probably especially in certain prosodic characteristics of speech
(Papougek, Papousek & Bornstein, 1985; Fernald, 1989) facilitating later
social behaviour (Fernald, 1992). Utterances of the mother to the infant
('how sweet you are'), often in the motherese register, stimulate the young
infant to vocalise more frequently and for prolonged periods (e.g. Fernald,
1985; Cooper & Aslin, 1990; Masataka, 1992). Mother and infant are said
to synchronise their vocalisations, and after the first three months mothers
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begin to fill in the turns that are ‘'missed' by the infant (Schaffer, Collis &
Parsons, 1977).

This vocal alternation in mother-infant sound exchanges is reported to
follow upon a period in which vocalisation in unison occurred more often
(Ginsburg & Kilbourne, 1988). These authors found an onset of vocal
alternation early in the fourth month for two male infants, and in the third
month for one female infant. Overlapping sound production seems to occur
more prominently in affective situations.

e. Concluding remarks

From birth onwards, the combined use of vocal-aural and face-to-face
tuning is present and appears initially related to multi-modal tuning. The
observable bi-modal tuning through the distance channels is regarded to
be an important representative of the development of early affect in a
mother-infant pair. The way in which mother and infant initially express
their affect may relate to communicative behaviours via the visual and
auditory channels, later on in the development. According to the literature
data, the use of the distance channels in the mother-infant system
gradually increases during the first five months. The bi-modal use, like a
remains of the multi-modal tuning, normally disappears after the fourth to
fifth month and the channels function more selectively in the processing of
information. In the mother-infant system, overlapping (i.e. mutually
directed) behaviours of the individuals also disappear at that time.
Vocalisation in unison, an expression of affect during the first four to five
months, is reported to disappear to a large extent when alternating sound
production becomes more prominent in the fourth month. In later speech
communication, the alternating sound production must be practised. In
turntaking, mother and infant can expand their mutual experiences
beyond their affections. Early alternating sound production (during the
first three to four months) possibly hinders the development of an affective
base for human speech communication because sound production then is
no part of the synchronous multi-modal tuning.

Face-to-face contacts become shorter after about the fifth month and
increasingly meant to check the gaze direction of the partner rather than
for transmission of affect. Mothers follow the gaze direction of the infant
and talk about the object which they think is in focus. The infant, orienting
upon the environment, can then learn to relate actions, objects, and sounds
labelling the experiences.

If, after approximately the fifth month, mother and infant continue to use
the bi-modal way of intersubjective tuning, the speech development of the
child is probably at-risk to be delayed. As the mother usually deduces the
focus of attention from the child's gaze direction, she interprets a shift
from an object to a long gaze at the face of the mother as a shift in the
child's attention. Labelling during object-manipulation or book-reading via
the vocal-aural modality alone (the child continues to look at the object) is
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& quite efficient in communication. Shifts in gaze from one object to another

usually elicit an immediate naming of the object by the mother.

In our approach of mother and infant as a sensori-motor system,
intersubjective tuning was studied first. In this chapter, three themes for
intersubjective tuning (mutually looking at the face of the partner,
simultaneous sound production, and their bi-modal occurrence) are
treated. These interactional patterns are present in many forms and
timings in infant-adult communication. The period of two years was chosen
in order to early detect any speech communication at-risk. It can be
concluded from the literature that for intersubjective tuning the first five
months establish a critical period. Certain persisting early behaviours may
contribute to the risk, but so do also behaviours that occur too early. The
changes around the fifth month are possibly related to the quality of
speech communication later on, because of the tuning in a mother-infant
pair.

After about the fifth month, mother and infant already use the distance
channels in a way more similar to adults. In normal adult conversations
rules for gaze behaviour and sound production are fairly strict. As the
infant depends on conversations for his further social and mental
development, it is of major importance to learn the rules.

3.2 Intersubjective tuning as co-occurring
movements

Our approach employs the transcriptions of movements of mother and
infant recorded on video (see section 2.3.2). The transmission of the
movements between the two persons is regarded to be restricted since not
all individual movements are perceived by the partner in the system (see
section 2.4.1).
Although single pairs are unique, certain common characteristics must be
present in their progress towards speech communication (see 1.3.1 g.).
Intersubjective tuning is regarded to be the first fundamental
characteristic in the development of speech communication.
In the distance channels, the intersubjective tuning is made operational by
- face-to-face contact, or mutual gaze,
- vocalisation in unison, or simultaneous sound production, and
- the bi-modal tuning, or vocalisation in unison during mutual
gaze.
In the next section, these three forms of intersubjective tuning are
‘translated’ into co-occurring movements of mother and infant, with a
summarised introduction to the variety of forms and timings of these three
types of behaviours in mother-infant interaction. Differences in
intersubjective tuning are expected to be found in quantitative measures
like the numbers and the amount of time per recording. The sign-test for
non-parametric data is used to estimate the differences between the pairs
(Grooteboer & Luyten, 1978; Nijdam & Van Buuren, 1980; Marascuilo &
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Serlin, 1988). Below, in section 3.3, the sign test and the distribution of
signs over the matched recordings is explained by means of an example.

3.2.1 Uni-modal tuning: mutual gaze

Prolonged mutual gazes at each other's face have been noticed by
observers of early mother-infant interaction. In the course of the
development towards speech, the use of the channels for mother and infant
gaze direction changes.

a. Introduction to intersubjective movements

Mothers and infants may develop fairly systematic preferences during
face-to-face communication, which depends on their other means for
intersubjective tuning. The infant's prolonged gaze at the mother's face
usually keeps the mother's attention also directed at the infant's face. Most
of the time, the mother of a young infant is 'framing' the infant's gaze
(gazing at the infant's face, awaiting the infant's gaze at her face; Fogel,
1977). Once face-to-face contact is established, she can choose from her
repertoire available to the pair at that time: affective displays, speech
instruction, or a mutual orientation towards an object which is indicated
by means of an eye movement.

The early prolonged mutual gazes will largely disappear at the fourth or
fifth month, when the infant will probably become more interested in the
manipulation of the inanimate environment. Then, the number of short
glimpses at each other's face in familiar situations will increase and the
overall duration of mutual gazes will decrease. When words take over,
mutual gazes can even disappear altogether. The longer mutual gazes can
re-occur, of course, probably in affective situations. In adult conversations,
the short glimpses are still used, among others, to indicate a shift in turns.
In due course, the mother-infant systems develop this kind of tuning in a
glimpse.

The many ways of visual intersubjective are thought to be reflected in
simple quantitative measures of interpersonal behaviour. Clearly, the
frequency of face-to-face contacts as well as the overall amount of time per
recording per pair varies, also in this study, because these data result from
individual characteristics of mother and infant in that specific recording.
Prolonged mutual gazes at the face of the partner correspond to a small
frequency of face-to-face contacts in a fixed time span of observation.
Accumulating the durations of the contacts, a long overall duration of
mutual gaze then is expected in the first five recordings. Later on, the
gazes usually change to short glimpses at the partner's face, quickly
scanning the situation. The frequency of face-to-face contacts may then be
higher than before, while the overall duration per recording is not
necessarily changing.
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¥ The percentage of time of face-to-face contact and of framing per recording,
as well as the frequency of face-to-face contact and of looking at the
partner's face per recording are thought to reflect different ways of
intersubjective tuning. These data were chosen in relation to expected
differences in visual tuning during the development of speech. Between the
two pairs, these differences must be fairly systematic over the two years, if
we want to draw any conclusions about two interaction styles. The results
of the comparison of the two pairs with regard to mutual gaze are
presented in section 3.3.1, also explaining the sign-test with an example.

b. Searching for intersubjective visual tuning

In the search for moments of face-to-face contact, PROGRAAF (see section
2.4.2) is instructed to select from the original transcription of the visual
channels only the code 'looking at the face of the partner' with the
corresponding onset- and offset-times (code F in the channel for mother
and infant gaze direction, see Appendix II). Not all gazes of the individuals
at the partner's face per recording result in the establishment of face-to-
face contact between mother and baby.

The onset of face-to-face contact starts, when one of the persons is loohing
at the face of the partner, and the partner, who is not yet looking, looks at
the face of the other. The end of face-to-face contact occurs when either one
of the persons breaks off face-to-face contact.

Below an example is given of the establishment of face-to-face contacts
between Fanny and SUSAN. The mother is already looking at the infant's
face, when the infant establishes face-to-face contact by looking also at the
mother's face. The overlaps in time of the codes for mother and infant
represent the actual face-to-face contacts in that recording. This 'criterion'-
file C is saved as a new PROGRAAF-file with onset- and offset-times of
each face-to-face contact in that recording.

MV fl i fI fl 4
A7 f f ]
N R
(& frf DRNCRNRINCR fif BN fif
t_ o _>msec
Example 3.1

Establishment of face-to-face contact (ftf) in a mother-infant pair. In the
channels MV (Mother-Visual) and IV (Infant-Visual), the occurrences of
code f ('looking at the partner's face) are given for mother and infant. In
channel C (Criterion) the actual moments of face-to-face contact (ftf) are
indicated. The time-base is dashed, and the duration of a 'dash' can be
chosenin PROGRAAF.
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The overall amount of time per recording of face-to-face contact is the
accumulation of the duration of the actual moments that face-to-face
contact took place, and per recording the percentage of time for face-to-face
contact is calculated. The frequency of contacts is given by PROGRAAF in
the C-file.

The percentage of time per recording and the frequency of gazes at the
partner's face for mother and infant have been calculated by FP (the
Frequency Program; see section 2.4.3) from the original transcriptions in
the MV and IV channels. The amount of 'framing’ is found by subtracting
the percentage of time that the infant was 'looking at the mother's face'
from the mother's percentage of time. The percentage of framing-time
represents the mother's investment in face-to-face contacts.

3.2.2 Uni-modal tuning: vocalisation in unison

In the available literature vocalisation in unison has received less
attention than face-to-face communication, which is likely to be the result
of a predominant focus on just one of the persons in the system and of the
quality of the infant's sound production. In the course of the development,
mother and infant will start to alternate their sound production for
conversational reasons.

a. Introduction to intersubjective movements

The mere production of sound does 'work' intersubjectively because it
informs both partners about their mutual presence. Sound production by
mother and infant is quite free from conventional adult rules and it can
occur simultaneously.

Vocalisation in unison is an exception in normal adult conversations.
Adults separate the onsets of sound productions in time, preferably even
by an interpersonal pause. This is a fairly strict and universal rule in
speech communication. Initially, mother and infant disregard this rule
more or less. Towards the end of the first five months, vocalisation in
unison usually decreases, and alternating sound production is going to
predominate. A dialogue with neat pauses and only slight interruptions
occurs more and more often.

The establishment of vocalisation in unison or alternating sound
production is also influenced by the duration and the quality of sounds. A
newborn's sound production exists of cry-sounds with a longer duration
than the vegetative sounds (like a hiccup), and an occasional 'effort’ sound
or grunt. These sounds, with a short duration (e.g. Koopmans-van Beinum
& Van der Stelt, 1979), are less likely to occur during sound production
(soothing) by the mother than the longer cry-sounds. Another motive to
vocalise in unison is given by the quality of the sounds. A more or less
emotional message (a happy or a cry-sound) may 'invite' the partners to
joinin, but that is a matter of individual preferences.

A
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¢/ The frequencies of sound productions of the mother and the infant likely

result in various vocal interaction patterns. For example, the child is not
vocalising very frequently in a specific recording. The mother may
interrupt promptly when a sound is produced by the infant, after which
the child is silent again. The number of vocalisations in unison of the
mother-infant system then equals the number of infant sound productions.
This relation can also be found under different conditions. A mother who
talks a lot and who has a quiet infant may produce a number of
vocalisations in unison that approaches this (quiet) infant's number of
utterances as well. The infant is likely to interrupt the mother's sound
productions since she leaves no pauses.

Mother and infant construct a vocal scheme of each other's sounds in
different situations. In due course, the perceived relation between sound
production and situational changes expands towards new sounds. The
combination in our study of the four individuals in the two pairs, together
with the duration and the quality of sounds, resulted in a range of
different patterns. The details of these different interaction patterns,
however, are disregarded in this study. The mere presence of vocalisation
in unison during the first four to five months, changing to alternating
sound production, demonstrates that the vocal-aural channel is used. This
is important for further speech development.

Intersubjective tuning in the vocal-aural channel is present during
simultaneous sound production, regardless of the quality of sounds
produced by the partners in the vocal play. The percentage of time and the
frequencies of vocalisation in unison depends on different individual
patterns in the two pairs in that recording. These outcomes on
vocalisations in unison are taken to be related to changes in the vocal-
aural tuning during the development of speech.

During the first five months the longer cry-sounds and 'pleasure-cries' to
which the mother (vocally) reacts correspond to a low number of
vocalisations in unison per recording. The accumulated duration is then
related to the presence of simultaneous sounds made by the mother. Later
on, the number of vocalisations in unison does not necessarily decrease, as
slight interruptions may persist. The accumulated duration per recording,
however, usually is smaller than during the first five months.

The differences between the two pairs in this study must be fairly
systematic over the two years, if we want to make any distinction between
two styles of vocal-aural tuning. The results of the comparison between the
two pairs on vocalisation in unison are presented in section 3.3.2.

b. Searching for intersubjective vocal-aural tuning
All codes in the channels for sound production of the mother (MS) and the

infant (IS) are acceptable in the PROGRAAF-search for simultaneous
occurrence (see Appendix II). This implies that vocalisation in unison may
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occur during crying, fussing, audible laughing, and all other sounds
(usually less 'normal’ for adults).

When one partner is producing a sound and the other joins in, the onset of
that moment of vocalisation in unison is calculated by PROGRAAF. The
end of vocalisation in unison is given when one of the persons stops
producing sounds. Very short moments of vocalisation in unison appeared
mainly to occur during alternating sound production, because of prompt
interruptions of the partner's turn, not awaiting the turngiving signal ("Oh
yes, you are quite right!").

In Figure 3.2 an example is given of the establishment of vocalisation in
unison for Claire and EVE, searched for by PROGRAAF. The individual
roles of mother and infant with regard to the initiative for vocalisation in
unison is disregarded in this study. The overlaps in time of sounds
produced by mother and infant represent the actual durations of the
moments of vocalisation in unison in that recording. This 'criterion'-file C,
with onset- and offset-times of each simultaneous sound production in that
recording, was saved as a new file.

The overall amount of time per recording of vocalisations in unison is the
accumulation of the durations of the actual moments, and is presented in
the percentage of time per recording. The frequency of vocalisations in
unison is given by PROGRAAF in the C file, as the number of criteria-
moments. The percentage of time per recording and the frequency of sound
productions of mother and infant per recording is calculated by FP from
the original sound production channels.

Example 3.2

Establishment of vocalisation in unison (viu) by Claire and EVE in week 12.
The sound productions and the pauses between the sounds of mother and
infant are given in the channels MS (Mother-Speech) and IS (Infant-
Speech). No sound productions are deleted from the transcriptions per
recording. In channel C (Criterion) the actual moments of vocalisation in
unison are indicated. The time-base is dashed, and the duration of a ‘dash’
can be chosen in PROGRAAF.

\

TS
3



70 Chapter 3

¢ 3.2.3 Bi-modal tuning: vocalisation in unison and face-to-
face contacts

In young infant-mother pairs vocalisation in unison usually occurs in face-
to-face situations. The bi-modal intersubjective tuning will disappear to a
large extent in the first five months. For speech communication a more
specialised use of the visual and vocal-aural channel will be used.

a. Introduction to bi-modal intersubjective movements

Early in infant life intersubjective tuning through the two distance
channels is embedded in the multi-modal interaction which uses all senses
and movements. This multi-modal form of intersubjective tuning is
disappearing when the distance between mother and infant becomes
larger. Bi-modally, certain sounds are then 'visible', while sounds may set
the rhythm or beat for visual movements like hammering. In a way the
two distance channels support each other.

Usually, the bi-modal form is present up to about five months of infant
age, gradually changing to a more uni-modal use of the distance channels.
When the infant starts to break down the bi-modal complex, the two
channels sometimes hinder each other. One form of input seems
completely suppressed, which is illustrated below for Claire and EVE in
week 16.

Claire is becoming aware that there are two different channels
towards her mother. That interaction has been recorded by chance
in week 16. In the recording of week 15 (not used for further
analysis) Claire and EVE are engaged in long 'proto-conversations',
while looking at each other's face. Nine days later, in week 16, the
proto-conversations have completely disappeared.

In week 16 Claire, without a sound but moving her mouth and lips,
fixes her gaze at her mother's face in such a way that EVE says to
Claire that she feels embarrassed ("Even little girls can make me
feel embarrassed"). EVE continues her monologue, demonstrating
visual speech movements. When Claire turns her gaze away from
her mother's face, she starts to move her body and limbs, and then
vocalises in a, for her age, rather complex way. The gaze back at
her mother's face immobilises' Claire's body and sound production
again, as if she can only pay attention to the visual aspects of her
mother's speech.

After the fifth month, mother and infant still may use bi-modal tuning
from time to time. When the child tries out a new sound, looking at the
mother's face, the mother may react 'explicitly’ by means of the two
channels. Thus, bi-modal tuning offers an affective link in new
developments. The changes in bi-modal tuning result from changes in face-
to-face contact and from changes in vocalisation in unison. Persistent
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visual tuning with only incidental vocalisations in unison corresponds with
a decrease in number and overall duration of moments of bi-modal tuning.
For persistent audible tuning, together with few face-to-face contacts,
comparable results will be found.

Uni-modal specialisation is efficient for speech development. Mutual visual
attention for an object can be checked quickly, while the auditory channel
transmits information like the name of an object or the word for the colour
or the form of the object. In this way visual and audible characteristics of
the more and more complex environment can become related.

b. Searching for intersubjective bi-modal tuning

Bi-modal intersubjective tuning supposes bi-modal movements in one
person to occur simultaneously with bi-modal movements in the other.
These moments are present in mother-infant interaction when 