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Abstract
The preverbal vocalisation up to the first word, feeding skills as well as motor development until
the first steps of ELBW preterm infants without disability were compared in this descriptive study
to those of healthy full-term infants. In addition, preverbal and feeding skills were studied in
relation to gross motor movement patterns.
The preverbal development of preterm infants proceeded according to the same temporal
schedule as that of full-term infants, however, preterm infants failed to produce several
vocalisation skills that full-term infants presented. The preterm infants increased their vocalisation
slower than the full-term infants in the beginning of each of the developmental stages. The
difference between the preterm and the full-term infants grew when approaching syllables,
syllable combinations, and words. The preterm infants reached the first word approximately two
months later than the full-term infants.
The suckling of preterm infants was either disorganised or dysfunctional, while normal or
disorganised in the case of full-term infants. The preterm infants reached the spoon-feeding skills
approximately at the same (corrected) ages as the full-term infants, but the transitions to new
stages were difficult. Half of the preterm infants suffered from feeding problems while only two
of the full-term infants had feeding problems.
Both the preterm and full-term infants reached vocalisation and feeding skills in relation to
gross motor movement patterns earlier than assumed according to the predominant clinical
knowledge. The vocalisation and feeding skills did not seem to be dependent upon the gross motor
development.

Keywords: babbling, extremely low birth weight, feeding, infant, motor development,
motor movement pattern, preterm infant, preverbal vocalisation, sucking
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Tiivistelmä
Tässä kuvailevassa tutkimuksessa tarkasteltiin tiiviissä seurannassa erittäin ennenaikaisina ja
pienipainoisina syntyneiden lasten esileksikaalista ääntelyä ensisanaan asti sekä syömistaitojen
ja motoriikan kehitystä ensiaskeliin asti. Tuloksia verrattiin terveiden, täysiaikaisina syntyneiden lasten vastaaviin taitoihin. Lisäksi ääntelyn ja syömisen kehitystä tarkasteltiin suhteessa karkeamotoristen taitojen kehitysaikatauluun.
Ennenaikaisesti syntyneiden lasten ääntely kehittyi saman aikataulun mukaan kuin täysiaikaisten lasten ääntely. Ennenaikaisesti syntyneet lapset jättivät kuitenkin väliin taitoja, jotka täysiaikaisina syntyneet lapset saavuttivat. Siirryttäessä uusille ääntelyn ja kielen kehitystasoille
ennenaikaisina syntyneiden lasten ääntelyn määrä lisääntyi hitaammin kuin täysiaikaisina syntyneiden lasten ääntelyn määrä. Ero ennenaikaisina ja täysiaikaisina syntyneiden lasten kehityksessä kasvoi lähestyttäessä tavuja, tavuyhdistelmiä ja sanoja. Ennenaikaisesti syntyneet lapset
saavuttivat ensisanavaiheen kaksi kuukautta täysiaikaisia lapsia myöhemmin.
Ennenaikaisina syntyneiden lasten syömisen taidoissa havaittiin, että varhainen imeminen oli
joko jäsentymätöntä tai poikkeavaa, kun täysiaikaisina syntyneillä se oli puolestaan normaalia
tai jäsentymätöntä. Ennenaikaisina syntyneet lapset oppivat käsittelemään soseita ja kiinteitä
ruokia samassa (korjatussa) iässä kuin täysiaikaisina syntyneet lapset, mutta siirtyminen kehitysvaiheesta toiseen tuotti vaikeutta. Puolet ennenaikaisista lapsista kärsi syömisvaikeuksista. Sen
sijaan täysiaikaisina syntyneistä lapsista kahdella todettiin syömisen vaikeutta.
Sekä ennenaikaisina että täysiaikaisina syntyneet lapset oppivat ääntelyn ja syömisen taitoja
ennen tiettyjä karkeamotorisia liikemalleja, joiden on vallitsevan kuntoutuskäsityksen mukaisesti oletettu edeltävän näiden taitojen saavuttamista. Ääntelyn ja syömisen taidot eivät siis näyttäneet olevan riippuvaisia karkeamotoriikan kehityksestä.

Asiasanat: erittäin ennenaikaisena syntynyt, erittäin pienipainoisena syntynyt,
esileksikaalinen ääntely, imeminen, jokellus, lapsi, motorinen kehitys, motorinen
liikemalli, syöminen
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1

Introduction

In 2010, 11.1% of all children worldwide were born preterm (Blencowe et al.,
2012) while in Finland this ratio was 5.8% (Vuori & Gissler, 2012). An infant
born earlier than 37 weeks of gestation is defined preterm (Blencowe et al., 2012).
Preterm infants are classified according to the gestational age as extremely
preterm (<28 weeks), very preterm (28–31+6 weeks) and moderate or late
preterm (32–<36+6 weeks). In addition, the classification of prematurity can be
made according to the birth weight as extremely low birth weight (< 1000 g), very
low birth weight (< 1500 g) and low birth weight infant (< 2500 g) (Lumley,
1993).
According to the statistics of The National Institute for Health and Welfare,
0.4% of all neonates were born with extremely low birth weight (ELBW) in 2010
in Finland (Vuori & Gissler, 2012). Neonatal intensive care of preterm infants has
developed substantially during the last decades (Sweet & Halliday, 2012), thus
most of these infants survive (Doyle & Anderson, 2010), even though the risk of
death and developmental problems still exists (Lal, Manktelow, Draper, & Field,
2003; Stoll et al., 2010). In Finland approximately one third of very preterm
infants (gestational age of < 32 weeks or birth weight < 1501 grams) suffer from
morbidities that require repeated hospital visits after discharge during the first
three years of life (Korvenranta et al., 2009). Some of the children may have
various therapies during their later childhood (Mikkola et al., 2005). Most often
they need physiotherapy, but in some cases speech and language and/or
occupational therapy also (Hintz, Kendrick, Vohr, Poole, & Higgins, 2008).
Motor development of preterm infants with ELBW has been studied in detail
(Burns et al., 2008; de Vries & Bos, 2011; Saigal & Doyle, 2008). However, early
preverbal vocalisation is lesser known as the research has concentrated on later
speech and language development (Foster-Cohen, Edgin, Champion, &
Woodward, 2007; Kunnari, Yliherva, Paavola, & Peltoniemi, 2012; Menyuk,
Liebergott, & Schultz, 1995; Stolt, 2009). According to research, preterm children
may have problems in speech and language skills up to school age (Yliherva,
Olsén, Mäki-Torkko, Koiranen, & Järvelin, 2001). Some of these researchers
have found preterm infants to develop slower and some even earlier than full-term
infants (Eilers et al., 1993; Rvachew, Creighton, Feldman, & Sauve, 2005).
Feeding development has not been systematically described, especially from the
onset of spoon feeding, either concerning full-term or preterm infants (Pridham,
Steward, Thoyre, Brown, & Brown, 2007). However, preterm children are known
19

to have feeding problems more often than infants in general during their infancy
(Arvedson, Clark, Lazarus, Schooling, & Frymark, 2010; Barlow, Poore,
Zimmerman, & Finan, 2010). In clinical work, associations between motor and
feeding development have been observed (Morris & Klein, 1987). According to
this idea, certain gross motor skills are needed before certain feeding skills are
reached, scientific evidence, however, does not exist. Furthermore, there are no
studies about the possible relation of the preverbal and gross motor skills in
preterm infants and we have only a few studies concerning full-term infants (Ejiri,
1998b; van der Stelt & Koopmans-Van Beinum, 1986).
In the present study, the aim was to describe the preverbal and feeding
development of preterm infants with ELBW and to find out if there are motor
skills required before certain vocalisation and feeding skills appear. The
information should provide us with a new and deeper insight in the follow-up of
the ELBW infants and maybe even in the schedule of the intervention they need
in relation to physiotherapy.
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2

Literature review

The present study concerns preterm infants with extremely low birth weight
(ELBW), which is a growing population as a result of successful development in
neonatal intensive care. So far, these infants have not been studied extensively,
that is why the literature review refers also to studies on preterm infants in general.
2.1

Preverbal development

The first, yet incomplete studies on preverbal development were published as
early as the late 1800s, however, more detailed descriptions of infant preverbal
vocalisations were introduced in the 1920s (McCarthy, 1929). However, the
significance of preverbal vocalisation was poorly understood until the late 1970s,
when Oller, Wieman, Doyle and Ross (1976), Stark, Rose and Benson (1978), as
well as Koopmans-van Beinum and van der Stelt (1979) published their first
studies on preverbal vocalisation in infants. Up to that time, there had been
disagreement especially about the impact of the early stages of vocalisation on
speech and language development (Oller, 1986). However, infant cry, as a part of
preverbal vocalisation, has been in the focus of research for almost a century
(Michelsson, 1971; Rautava et al., 2007; Rothgänger, 2003; Wasz-Höckert, Lind,
Vuorenkoski, Partanen, & Valanne, 1968). As a consequence of all the above
mentioned and additional studies, preverbal vocalisation was acknowledged to
proceed systematically and finally to lead to word production (Iivonen, 1991;
Roug, Landberg, & Lundberg, 1989; Stark, Bernstein, & Demorest, 1993). In the
first studies the samples were small with only 1–4 infants (Koopmans-van
Beinum & van der Stelt, 1979; Stark et al., 1978).
Various researchers have created categorisations of preverbal development
somewhat differently from each other depending on their approach to the subject
(Crystal, 1989; Koopmans-van Beinum & van der Stelt, 1986; Oller, 2000;
Nathani, Ertmer, & Stark, 2006). However, after the revision of categorisations,
today there are no remarkable discrepancies between the categories and therefore
the ages of the appearance of the various developmental milestones of
vocalisation are approximately the same (Crystal, 1989; Oller, 2000; Nathani et
al., 2006). Oller (2000) has generated the most extensive theoretical framework
for the emergence of speech and theorised it even in primates.
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Stage theories
According to Oller (2000), typically developing, full-term infants, vocalise right
after birth producing quasi-resonant nuclei (QRN), which means that there is a
narrowing or a closure in the airway hindering the vocal production to resonate
properly. Cry, vegetative sounds and normal phonation are vocalisations of the
phonation stage that dominate from birth approximately up to 2 months of age
(Table 1). The next stage, the primitive articulation stage, lasts from 1 to 4 months
of age, when repetitive QRNs are heard. The most typical vocalisation at this
stage is called cooing. From 3 to 8 months of age the infant represents the
expansion stage, where he/she expands the vocalisation manners both in terms of
vocalisation and articulation. Squealing, yelling, ingressive phonation as well as
raspberries appear. Fully resonant nuclei, vowel-like elements, are now frequently
heard, and thus marginal babbling, too.
Infants enter the canonical stage approximately between the age of 5 and 10
months, when they start to produce repetitive syllables (Oller, 2000). The
syllables consist of one vowel and one consonant, and the repetition of the
syllables is rhythmical. In variegated babbling, which is part of the canonical
stage, the infants combine various syllables, where the vowel, the consonant or
both vary. The last stage before the start of proto-words and word production is
called the integrative stage, where infants produce long syllable chains with the
prosody of speech. The syllables are unclear and difficult or even impossible to
transcribe, but the utterances sound like fluent speech with the intonation of the
ambient language. In an earlier version by Oller (1980), the category of
variegated babbling was an independent stage, which includes gibberish.
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months

7–10

months

11–12

4. Canonical

stage

5. Variegated

babbling stage months

4–6

articulation

months

stage

2. Primitive

months

stage

5.Integrative

stage

months

4. Canonical 5–10

stage

3. One articulatory movement per

6.5–10

months

interrupted phonation

cycle combined with continuous or

forms

5. Advanced

syllables level

4. Basic
canonical

5–6.5

months

2.5–5

movements during one respiration months

5. Reduplicated articulatory

duration, and intensity.

domain concerning intonation,

kinds of variations in the phonatory

phonation without articulation; all

increase of uninterrupted

articulatory movements and

4. Strikingly large decrease of

phonation.

continuous or interrupted

breath unit combined with

3. Expansion

months

9–18

months

5–10

months

3–8

months

phonation

breath unit without any articulatory 2.5

months
months

1–4

2. Control of

movement.

months

level

0–2

2. Interrupted phonation within one 1.5–

1. Reflexive

range

Age

without any articulatory movement. months

0–1.5

Stages

1–4

1. Uninterrupted phonations

range

Age

Stark (2006)

(1979 and 1986)
Stages

Nathani, Ertmer, &

Koopmans-van Beinum & van der Stelt

months

3.Expansion 3–8

stage

stage

month

2–3

2. Goo stage

3. Expansion

Age range

2000

1. Phonation 0–2

Stages

stage

range

Age

0–1

1980

1. Phonation

Stages

Oller (1980 and 2000)

Ertmer, & Stark and Crystal.

0–8

range

Age

utterance

5. Melodic

4. Babbling

3. Vocal play

laughing

2. Cooing and

months

9–18

weeks

25–50

weeks

20–30

weeks

8–20

biological noises weeks

1. Basic

Stages

Crystal (2000)

Table 1. The preverbal stages of development and age range according to Oller, Koopmans-van Beinum & van der Stelt, Nathani,

Rachel Stark was one of the first researchers to study preverbal vocalisation and
to categorise the phases of development systematically. Together with Rose and
Benson (Stark et al., 1978), she created a classification of infant vocalisation
naming the various stages preliminarily as cry sound, discomfort sound, comfort
sound, laugh sound, vegetative sound including grunts and sighs as well as speech
play sound. The model was, however, developed over time and in the second
categorisation the developmental levels were called reflexive sounds (0–2
months), cooing and laughter (2–4 months), vocal play (4–8 months),
reduplicated babbling (8–10 months) as well as nonreduplicated babbling and first
words (10–14 months) (Nathani et al., 2006). Similarly to Oller (1980), Stark also
described the quasi-resonant nuclei at the first stage of preverbal development,
but unlike him, she also considered the length of the vocal productions as a
criterion in classifying them as quasi- or fully resonant nuclei (Nathani et al.,
2006). This makes a difference when classifying early vocalisation. In addition,
according to Oller (2000), canonical babbling starts approximately at the age of 5
months while Stark thinks that it starts at the age of 8 months.
Later, Nathani and colleagues created The Stark Assessment of Early
Vocalisation-Revised (SAEVD-R) based on Stark’s earlier models (Nathani et al.,
2006), which covers preverbal development from birth up to 18 months of age
(Table 1). This model consists of 23 vocalisation types categorised at five
different levels, namely reflexive (0–2 months), control of phonation (1–4
months), expansion (3–8 months), basic canonical syllables (5–10 months) and
advanced forms (9–18 months). In this model the stages are somewhat
overlapping. The SAEVD-R resembles Oller’s model (2000) and the ages-ofemergence of the skills are closer to each other in these models than in the
previous models. However, the SAEVD-R defines every vocalisation very
carefully while Oller’s aim was not to be as rigorous (1980).
Crystal (2000) presented a categorisation that also describes the five defined
stages. The first stage is called basic biological noises, and it lasts from birth up to
the age of 8 weeks. This stage consists of reflexive and vegetative noises. The
next stages are called cooing and laughing (8–20 weeks), vocal play (20–30
weeks), babbling (25–50 weeks) and melodic utterance (9–18 months). The
vocalisations at the cooing and laughing stage Crystal describes as a consonantlike sound made towards the back of the mouth followed by short vowel-like
sounds. The tongue movements expand during this stage and nasality is heard in
the voice of the infant. During vocal play the pitch of the consonant and vowellike sequences represent high pitch levels and wide glides from high to low. A
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large variety of vowel and consonant qualities are heard during this stage. During
the babbling stage reduplicated syllable chains are produced the consonant being
the same in the syllables. Variegated babbling (vowels and consonants vary in the
syllables) appears approximately half way through the babbling phase. The
utterances at the melodic utterance stage are characterised by widely varying
melody, rhythm and tone. The first stages in Crystal’s model seem to take place
approximately at the same ages as in the models mentioned earlier, but the last
two stages last longer than the latest stages in the other models. In addition, they
overlap with the first words. This model resembles the models of Oller (2000) and
Nathani et al. (2006).
The model of Koopmans-van Beinum and van der Stelt (1979; 1986) differs
the most from all other categorisations. Also, these researchers have refined their
original model, but the basic principles have remained stable. They did not define
exact phonemes or other adult-like vocalisations as the researchers mentioned
earlier, but the articulation movements and phonation are the bases of their
classification (Koopmans-van Beinum & van der Stelt, 1986). One respiration
cycle forms a segmentation unit, and the continuous or interrupted phonation
serve as distinction between vocalisations. One or more articulation movements
are added to phonation along with the development. Five stages were found in the
preverbal development (Table 1). The process of preverbal vocalisation seems to
follow a hierarchical construct, and an earlier stage has to be reached before
attaining the following stage (Koopmans-van Beinum & van der Stelt, 1986).
First word
The first meaningful word appears most often between 11 and 14 months,
depending on factors such as culture, social environment, temperament, and birth
order of the infant (de Boysson-Bardies, 1999). It is, however, not axiomatic what
utterance can be called a word. Children produce lots of syllable combinations
which are real words of the language that the infant is exposed to, and, yet, they
cannot be interpreted as words. Actually, those utterances may appear by accident
or the infant repeats words and utterances heard. One of the first definitions of a
word, created by Leopold, dates back to 1939 (Nelson, 1973). Some of the newer
definitions are described and compared below. The definitions seem to emphasise
differently the comprehension, the phonetically correct form and the pragmatics
of the word. In addition, for example Ingram’s definition demands still further
focusing of the definition in different contexts (Ingram, 1989).
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In Ingram’s (1989) definition, the understanding of words has three
developmental stages. First the meaning of the word can vary. At the next stage
the child understands the word approximately, and finally exactly the way an
adult does. Nelson (1973) stresses the permanence of the meaning of the word for
a child while Benedict (1979) also demands several occasions with indisputable
recognitions of the meaning. Vihman and McCune (1994) additionally claim that
the tune of the word produced by the child has to reveal its meaning, however,
they do not require several expressions of understanding.
Similarly the definition of the production of a word according to Ingram
(1989) is threefold. A vocalisation that is repeated in a certain context is accepted
as a word. The next stages include an adult-like word, and finally the correct
pronunciation of the same. Both Nelson (1973) and Benedict (1979) demand the
spontaneous use of the word while the pronunciation need not be adult-like, but
stable. Vihman and McCune (1994) define an utterance as a word when a stranger
understands it, and at least two of the segments of the word are similar to the
adult-like word and the pronunciation is permanent.
Preverbal development in preterm infants
Our knowledge about early vocalisation in preterm and especially in preterm
infants with ELBW is still very limited. According to Beckwith et al., preterm
infants vocalise as much as full-term infants but they increase their vocalisation
later, between the ages of 1 and 8 months (Beckwith, Sigman, Cohen, & Parmelee,
1977). Full-term infants do so already between the ages of 1 and 3 months. On the
other hand, being small for gestational age has been found to affect early
vocalisation between 6 and 18 weeks of age, more than being very preterm (van
Beek, Hopkins, & Hoeksma, 1994). Less preterm infants born at 32–34 weeks of
gestational age performed worse than full-term infants in the amount of
vocalisation than the infants born at the age of less than 32 weeks of gestational
age, according to van Beek et al. (1994).
Differences between preterm and full-term infants are, however, known to
appear also in the early phonological development (Goldfield, 2000). During the
expansion stage, infants play with the different features of vocalisation (Oller,
1980). Formant frequencies of early vowels, among other acoustic features, have
been measured (Kent & Murray, 1982). Kent and Murray found that cooing and
babbling seem to develop acoustically from infant cry. Goldfield (2000)
compared the vowel formants F1 and F2 (the frequencies of resonance
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distinguishing vowels from each other) of the vowel sequences presented by
preterm and full-term infants at the age of six months. He found that the tongue
height and advancement movements when presenting vowel sequences in preterm
infants are larger than those of full-term infants (Goldfield, 2000). Phonological
problems occur in preterm infants also later in childhood; at the age of 12 months
the consonantal inventory is narrower in preterm than in full-term infants and
preterm infants present less frequently single syllables of CV-type (C=consonant,
V=vowel) (D’Odorico, Majorano, Fasolo, Salerni, & Suttora, 2011; Jensen,
Bøggild-Andersen, Schmidt, Ankerhus, & Hansen, 1988); at two years of age
healthy very low birth weight (VLBW) infants still have fewer consonants and a
significantly lower phonological mean length of utterance than full-term infants
(van Noort-van der Spek, Franken, Wieringa, & Weisglas-Kuperus, 2010).
Most of the existing studies on preverbal vocalisation concentrate on the
development from the onset of canonical babbling (Davis & McNeilage, 1994,
1995; de Boysson-Bardies, Halle, Sagart, & Durand, 1989; de Boysson-Bardies,
Sagart, & Durand, 1984; Eilers et al., 1993; Locke, 1989; Oller, Eilers, Steffens,
Lynch, & Urbano, 1994; Rvachew et al., 2005). The early vocalisation of preterm
infants has only been described in a few studies (Beckwith et al., 1977; van Beek
et al., 1994). In a classical study by Eilers et al. (1993), preterm infants started to
perform canonical babbling even earlier than full-term infants. In a study by Oller
et al. (1994), preterm infants produced well-formed syllables less consistently
than full-term infants after entering the canonical stage.
In disyllable production, at 9 months of age, preterm infants do not lengthen
the final syllable as full-term infants do. Their F0 (fundamental frequency) and
the amplitude in babbling do not decrease in association from non-final to final
syllables as they do in full-term infants (Goldfield, 1999). Goldfield (1999)
explains this phenomenon as being due to faster breathing, higher chest-wall
compliance and a history of breathing problems of preterm infants.
Bronchopulmonary dysplasia (BPD) has been reported to affect the length of
syllable ratios in canonical babbling of preterm infants. Yet, preterm infants
without BPD have also been found to produce very little canonical babbling
compared with full-term infants at the age of 8 months (Rvachew et al., 2005).
The degree of BPD affects the performance in cognitive, psychomotor, linguistic
and achievement tests from infancy up to preschool and school age (Short et al.,
2007).
In addition to the difficulty of presenting lowering intonation and lengthening
of the final syllable, difficulty in observing word stress, for example in
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distinguishing the native language from other languages has also been found.
There are controversial opinions of preterm infants distinguishing between their
native and a foreign language at the age of 4 months (Herold, Höhle, Walch,
Weber, & Obladen, 2008; Peña, Pittaluga, & Mehler, 2010). Infants are exposed
to their native language before birth, and the ability to recognise it right after birth
is typical for human infants in general. Preterm infants lack the experience
because of the preterm birth, and this is understood to explain the difference
between the groups (Herold et al., 2008). According to Peña et al. (2010), both
preterm and full-term infants distinguish their native language. So, the difficulty
in presenting various characteristics of vocalisation might also be due to the
difficulties in the auditory processing (Bisiacchi, Mento, & Suppiej, 2009;
Fellman, Kushnerenko, Mikkola, Ceponiene, Leipälä, & Näätänen, 2004).
There are also differences between preterm and full-term infants in socialcommunicative development, observed at the ages of 6, 9, 14 and 30 months (De
Schuymer, De Groote, Beyers, Striano, & Roeyers, 2011). Preterm birth affects
language development partially through preverbal skills such as dyadic initiatives,
gaze following, joint attention and behavioural request. The onset of word
production is often delayed in preterm infants when compared to their full-term
peers (Sansavini et al., 2011; Stolt, 2009). They are also slower than full-term
infants in acquiring gestures and comprehending words. According to Kunnari et
al. (2012), at the age of two years, the vocabulary size in ELBW preterm and fullterm infants did not differ from each other in a recent study. However, the
maximum sentence length, describing the morphosyntactic skills, was
significantly shorter in ELBW preterm than in full-term infants (Kunnari et al.,
2012). Later on, problems in receptive language also appear in one third of
preterm infants born with ELBW unrelated to neurological or sensory
impairments (Van Lierde, Roeyers, Boerjan, & De Groote, 2009). Preterm infants
have linguistic problems still at school age (Guarini et al., 2010; Yliherva et al.,
2001) and narrative problems appear still after nine years of age (Crosbie, Holm,
Wandschneider, & Hemsley, 2011).
Preterm infants can increase their vocalisation if they are exposed to parental
talk at least from the gestational age of 32 weeks onwards even at the neonatal
intensive care unit (NICU), while still in an isolated crib (Caskey, Stephens,
Tucker, & Vohr, 2011). Active interaction with the child after discharge has been,
for a long time, considered as a facilitator for language development (Rocissano
& Yatchmink, 1983). However, 32% of very preterm infants have required speech
therapy, among other therapies, as early intervention during the first year of life
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according to a retrospective American study (Kalia, Visintainer, Brumberg, Pici,
& Kase, 2009). According to Kalia et al. (2009), morbiditiy of prematurity during
the neonatal period in late-preterm infants (34–37 weeks of gestational age) is an
important risk factor similarly to very preterm (<32 weeks of gestational age)
birth with regard to the need of early intervention.
2.2

Relation of preverbal vocalisation to gross motor skills

Theories about motor development
Different theories about motor development have arisen in the course of time. The
essential differences between the traditional and modern theories seem to be in
the emphasis of endogenous and environmental influences upon development, the
relation between “nature/nurture” (Heineman, Middelburg, & Hadders-Algra,
2010). Neuromaturationist theories stress the importance of the genetic basis on
development, whereas environmental and contextual factors are emphasized in
the dynamic systems theory (DST) (Thelen, 1995). Neuronal group selection
theory (NGST) is based on the complex, continuous and blizzard interaction of
information derived from the genetic script and the environment of an individual
(Hadders-Algra, 2010; Heineman et al., 2010).
According to traditional perception, motor actions of a newborn infant are
widely considered reflexive (Gerber, Wilks, & Erdie-Lalena, 2010). According to
this view, volitional and appropriate motor behaviours are enabled by the
inhibition of reflexes in the course of maturation of the central nervous system
(CNS) (Edwards & Sarwark, 2005; Gerber et al., 2010). In general, gross motor
development proceeds from head to trunk (cephalic to caudal), from body to
extremities (proximal to distal) and from reflexive to specialised movements
(generalised to volitional exact motor behaviours) (Kaluger & Kaluger, 1979).
Four basic phases of motor development have been distinguished taking place at
the ages of 3, 5, 7–8 and 9–10 months (Bobath & Bobath, 1978). The age of 3
months is characterised with midline orientation, 5 months with extension and
symmetry, 7–8 months with rotation and 9–10 months with creeping, rotation in
sitting and supported walking. Because gross motor control has been considered
as the basis of fine motor control, certain fine motor skills, such as oral motor
skills, have been thought to depend upon certain gross motor skills (Morris &
Klein, 1987). A basic thought behind theorising about motor development,
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according to Kamm et al. (1990), is that the processes responsible for a change in
motor development are the same processes that are involved in the intervention of
individuals with dysfunction (Kamm, Thelen, & Jensen, 1990). This means that
development is thought to proceed according to the same principles as recovery
after an injury.
The motor development has largely been redefined by increasing scientific
research on the maturation of the CNS. NGST was introduced by Sporns and
Edelman (1993) in the early 1990s. According to the NGST, the cortical and
subcortical systems build dynamic variable networks of neuronal connections,
and development and behaviour select their structure and function (Forssberg,
1999). The networks are the base of neural mechanisms, which are made
operational during development, i.e. the activity of the underlying network
constructions becomes apparent. The interconnection of different neural
mechanisms expands the amount of the mechanisms and quality in their functions
(Touwen, 1998). In NGST, the main principle of motor development is variation
(Sporns & Edelman, 1993). The brain generates variability on the basis of action
and reaction, the two fundamental properties of the nervous system cooperating in
order to guarantee normal and age-appropriate brain function (Touwen, 1998).
Primary or indiscriminate and secondary or adaptive variation characterises the
two phases of variation in motor development (Hadders-Algra, 2008; Touwen,
1998). During the first phase of variation, an infant explores all possible motor
actions acquiring afferent information. When the nervous system is mature
enough to use that information to select the most appropriate motor behaviour for
various situations, the secondary variation is started (Hadders-Algra, 2008; Jouen
& Molina, 2005). The selection process is based on active trial and error
experiences. Transition from primary to secondary variability in motor
development appears at function-specific ages, that is, at different ages depending
on the behaviour (Hadders-Algra, 2008; Heineman et al., 2010; Vereijken, 2010).
Essential units needed for learning by imitating and a part of the NGST system,
mirror neurons are considered to play an essential role in development (Alcock &
Krawczyk, 2010). This phenomenon is familiar also concerning learning speech
sounds (Guenther & Vladusich, 2012). In addition to primary and secondary
variability, there is also temporal variability that is divided into inter- and
intraindividual variation (Touwen, 1998). The first one means that there are not
two exactly similarly developing infants and the second one that the motor
development of an infant follows its individual developmental course, faster or
slower, when compared to other infants.
30

Motor development in preterm infants
The cortical volume of an infant increases significantly during the last 4 to 6
weeks of pregnancy (McGowan, Alderdice, Holmes, & Jonston, 2011). Preterm
birth disturbs the process of brain development and may thus explain the
postpartum difficulties in the neurological development of preterm infants.
Structural asymmetries in the motor and language networks in the brain of healthy
preterm infants have been found to exist already at term equivalent age (Liu et al.,
2010).
It is typical that all infants do not demonstrate all stages of development and
the variation in motor development among infants is extensive (Vereijken, 2010).
Gross motor development of preterm infants is known to vary from that of fullterm infants, even up to school age (Bos & Roze, 2011; Foulder-Hughes & Cooke,
2003; Pin, Darrer, Eldridge, & Galea, 2009; Sullivan & McGrath, 2003; van
Haastert, de Vries, Helders, & Jongmans, 2006). Cameron and Maehle (2006)
studied the motor performance of VLBW and full-term infants at term age and
found the VLBW preterm infants to perform similarly as the full-term infants.
VLBW infants differed from full-term infants only in head-lag when pulled to sit.
On the other hand, the VLBW infants scored lower than full-term infants in the
Alberta Infant Motor Scale (AIMS), a method for measuring gross motor
maturation during the first 18 months of life (van Haastert et al., 2006). In a Swiss
study, preterm infants seemed to start walking later than the full-term infants,
whereas there was no difference in the timing of sitting independently (Bucher,
Killer, Ochsner, Vaihinger, & Fauchére, 2002). A delay in motor development was
studied in a cohort of ELBW infants. Issues that had the greatest impact on motor
and especially fine motor development were observed to be retinopathy of
preterm infants (the disengagement of the retina causing visual impairment in
preterm infants) and poor visual acuity (O’Connor, Birch, & Spencer, 2009).
Preterm infants may also demonstrate different motor profiles than full-term
infants. Besides a delay in gross motor development, atypical postures, such as
hyperextension of the neck and trunk, reduced active flexion power and head lag
in traction have been observed in preterm infants (Bracewell & Marlow, 2002).
According to the findings of Pin et al. (2009), the difference between preterm and
full-term infants may be due to an imbalance between the active extensor and
flexor strength. This imbalance leads to inadequate postural control in preterm
infants also observed by Bracewell and Marlow (2002). Cerebral palsy is still a
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risk for infants born with ELBW, albeit a decreasing one (Pedersen, Sommerfelt,
& Markestad, 2000; Wilson-Costello et al., 2007).
The association of verbal motor to gross motor behaviour
Fine motor control is considered to base on gross motor control (Morris & Klein,
1987), which has been the leading idea concerning common intervention praxis
for a long time. It has been assumed that oral and verbal motor development is in
association with gross motor development, gross motor development preceding
the fine motor development (Mueller, 1978; Telles & Macedo, 2008). Supraglottal
consonants have been found to increase in synchrony with increasing mouthing of
objects in 6–9-month-old infants (Fagan & Iverson, 2007). Van der Stelt and
Koopmans-van Beinum (1986) compared preverbal and motor development in
infants during the first year of life assuming that there is a basic relation between
the sensory and motor systems. Their main finding was that babbling starts after
the onset of rolling and crawling.
The overlap of the rhythmical functions of the extremities of an infant, such
as rhythmical hand banging, shaking with the hand or kicking with the leg, with
canonical babbling has been observed by several researchers (Ejiri, 1998b; Locke,
Bekken, McMinn-Larson, & Wein, 1995; MacNeilage, 1998; Thelen, 1981). The
preference for rhythmical hand banging over other rhythmical motor activities has
been found as well as rhythmical movements of the head, leg and torso in
connection to babbling (Iverson & Fagan, 2004). Later Iverson and colleagues
thought that the link between babble and rhythmical arm activity is part of a
broader process both perceptual and motor rather than a product of languagespecific mechanisms (Iverson, Hall, Nickel, & Wozniak, 2007). In an earlier study
with a small sample of infants, Iverson and Masataka (2001) found that
vocalisations, which appeared overlapping with rhythmical actions, had
significantly shorter syllable duration and shorter formant-frequency transition
than in those appearing without rhythmical actions. They are similar to those
appearing in mature speech. Sometimes infants have been observed to make jaw
opening and closing movements, which they use in presenting canonical babbling
first silently. As soon as they learn the rhythmical hand banging, they will do the
jaw movements aloud and start babbling (Locke, 2007).
Speech and gesture systems are said to share the same control system
(Gentilucci & Dalla Volta, 2007). Combining manual actions with vocalisations
has been explained to be due to the mirror neurons, a subset of which are audio
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visual by nature (Keysers, Kohler, Umiltà, Nanetti, Fogassi, & Rizzolatti, 2002;
Kohler, Keysers, Umiltà, Fogassi, Gallese, & Rizzolatti, 2002). In an Italian study,
the appearance of gestures seemed to support the emergence of word production
in typically developing infants (Sansavini, Bello, Guarini, Savini, Stefanini, &
Caselli, 2010). The same phenomenon is observed by other researchers, as well
(Huttunen, Pine, Thurnham, & Khan, 2012). An increase in gesture production
combined to single words, interpreted as encoding of two elements, has been
found to precede the onset of multiword production (McEachern & Haynes, 2004).
Pointing gestures have also been interpreted as an essential part of language
development (Cochet & Vauclair, 2010). Gestures seem to develop in tandem
with speech.
Findings about atypical development have also implied the possible
connection between motor and speech development. Iverson and Braddock (2011)
noticed that children with language impairment use more gestures than typically
developing children, although they scored lower on assessments of fine and gross
motor abilities. On the other hand, developmental communication disorders
affecting verbal speech production have been reported also to appear in sign
language of deaf children at school age (Quinto-Pozos, Forber-Pratt, & Singleton,
2011). Respectively, a common genetic basis for speech and language impairment
and motor immaturity has been found in twin studies (Bishop, 2002) as well as in
non-twin studies (Zelaznik & Goffman, 2010). Damages in brain areas
responsible for motor functions have been found to cause problems also in
cognitive functions and vice versa. This has been explained with the control of
prefrontal cortex and the cerebellum over motor and cognitive functions
(Diamond, 2000).
Darrah and colleagues stated that both fine and gross motor abilities and
communication skills develop separately and independently (Darrah, Hodge,
Magill-Evans, & Kembhavi, 2003). This has also been stated in case of preterm
infants (LeNormand, Vaivre-Douret, & Delfosse, 1995). Kent (2004) shared the
idea of the uniqueness of speech when compared to any other motor functions. He
found that the speech-related muscles are different from the rest of the muscles in
the human body. Further, according to Ziegler (2003), speech is specific, and not
dependent on gross or oral motor behaviour. The whole motor system is taskspecific and all functions have their own control system. As for Oller (2010), he
emphasized that vocalisation itself is the basis of speech capacity. However,
Ballard, Robin and Folkins (2003) challenged Ziegler’s opinion and caution
against the idea that the sensory motor systems are different from volitional non33

speech motor activities and speech. According to Ballard et al. (2003), the neural
networks are flexible, multifaceted, multifunctional and overlapping in function.
They assume that a higher-level behaviour such as speech involves networks that
are similarly multifunctional and overlapping with other motor functions. Nip,
Green and Marx (2011) have reported interaction between cognition, language
and speech motor skills.
In addition, the interplay between oral and verbal motor development has
been discussed in different studies (Davis & Velleman, 2008; Wilson, Green,
Yunusova, & Moore, 2008; Ruscello, 2008). For example, according to an
evidence-based systematic review by McCauley, Strand, Lof, Schooling and
Frymark (2009), oral motor exercises do not improve speech. On the other hand,
in a recent study by Alcock and Krawczyk (2010) a strong relationship between
oral motor abilities and language production abilities was found in typically
developing children at the age of 21 months. According to Alcock and Krawczyk,
this relationship is underpinned by a common articulatory basis for spoken
language and oral motor control, probably as a result of a shared neural substrate
underlying both uses of the mouth. Oral and verbal motor behaviour of the jaw
and the lower lip has been studied using a three-dimensional motion capture
system and kinematic measures. In that study oral and verbal motor behaviours in
babble did not differ from those in words, whereas silent spontaneous movements
were consistently slower than words (Nip, Green, & Marx, 2009). Babble and
speech thus seem to be controlled by the same system while the other oral motor
functions by another.
2.3

Feeding development

The last reason that keeps a preterm infant in hospital after birth is feeding (Lau,
2007). The infant has to be able to eat enough, often enough and fast enough in
order to gain weight. Even in full-term infants the early weight gain is predictive
for later growth (Ross, Krebs, Shroyer, Dickinson, Barret, & Jonson, 2009) and
that is probably the case in preterm children, too (Browne & Ross, 2011).
However, weight gain and growth is only the visible aspect of feeding. In depth it
is a question of the infant’s ability to engage and remain engaged in a
physiologically and behaviourally challenging task. The infant has to organize
oral-motor movements, to coordinate breathing and swallowing to avoid
prolonged apnea or aspiration and to regulate the depth and frequency of
breathing to maintain physiologic stability (Thoyre, Shaker, & Pridham, 2005).
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Children born prematurely, especially those with VLBW or with neurologic
impairment are in risk of feeding and swallowing impairments (Arvedson &
Brodsky, 2002). A prospective study has shown that both early and late preterm
infants have oral motor dysfunctions at the ages of three and 12 months
(DeMauro, Patel, Medoff-Cooper, Posencheg, & Abbasi, 2011). They may also
have avoidant feeding behaviour at the age of three months, especially extremely
preterm infants. Feeding development in terms of sucking in preterm infants is
relatively well known, however, the second half of the first year since the onset of
spoon-feeding is an under-studied field (Delaney & Arvedson, 2008).
Suckling
Early feeding development is divided into suckling and sucking (McNeil, 2008),
yet sucking is used as a universal term for sucking behaviour in general (Morris &
Klein, 1987). Early sucking is connected to swallowing and thus called the suckswallow reflex (Morris & Klein, 1987). Both sucking and swallowing are very
early functions in a foetus, maybe referring to the vital importance of these
behaviours. Namely, the foetus presents sucking movements as early as 15–18
weeks gestation (Wolf & Glass, 1992) and swallowing from 12 weeks gestation
(Cichero, 2006).
Suckling or suckle feeding is the first, reflexive feeding pattern of an infant
for the oral intake of liquid (Rogers & Arvedson, 2005) which lasts up to the age
of six months, or even later. The tongue movements appear antero-posterior, like
in licking (Morris & Klein, 1987). Anatomically the tongue fills the oral cavity,
the fatty sucking pads stabilize the cheeks, the mandible with the muscles on the
sides of the mouth is very mobile and the lips create a seal around the nipple
during suckling (Bosma, 1986). There is no space for the tongue for movement
variations in the oral cavity and thus the movement is mainly back and forth. The
position of the larynx, high and under the tongue basis somewhat protects the
infant from aspiration (Arvedson & Brodsky, 2002).
Sucking
Sucking appears gradually as the second phase of feeding development. At this
phase of feeding the body of the tongue makes strong rising and lowering
movements in addition to the antero-posterior movements making the negative
pressure in the mouth stronger (Morris & Klein, 1987). The jaw is making smaller
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opening and closing movements and the approximation of the lips is firmer than
during suckling. This makes sucking more effective and faster than suckling.
During volitional sucking behaviour the infant can decide whether to suck or not.
Feeding development in preterm infants
Gestational age at birth has a significant effect on feeding development and on the
length of hospital stay in preterm infants (Jadcherla, Wang, Vijayapal, & Leuthner,
2010). Infants, younger than 28 weeks gestational age at birth, are delayed in
terms of initiation and progression into both maximal gavage and oral feedings
compared with preterm infants older at birth (Jadcherla et al., 2010). On the
whole, feeding development is a matter of maturation (Browne & Ross, 2011).
Suckle feeding occurs in arousal episodes in a full-term newborn infant and it
recurs at intervals reflecting the general daily activation pattern of the infant
(Bosma, 1986). The alertness of a preterm infant is very short in the beginning, 3–
5 seconds, which is a challenge for a preterm infant’s feeding development.
Longer periods of alertness are gained along with maturation (McGrath &
Medoff-Cooper, 2002).
Organized suckle feeding includes sucking, swallowing and breathing. In
preterm infants weak, disorganized and random sucking activity is seen at 27–28
weeks of post-conceptual age and stronger sucking and the burst-pause pattern is
emerging by 32 weeks. However, a stable rhythm is not found in sucking until 34
weeks (Wolf & Glass, 1992). A well-coordinated sucking, swallowing and
breathing in 1:1:1 ratio is achieved from 37 weeks post-conceptual age (Bu’Lock,
Woolridge, & Baum, 1990). Preterm infants frequently have problems in
coordinating respiration into sucking and swallowing (Bauer, Prade, KeskeSoares, Haëffner, & Weinmann, 2008; Lau, Smith, & Schanler, 2003). It is typical
for preterm infants to present apneic swallow runs and later to swallow during
different phases of respiration than full-term infants (Lau et al., 2003). According
to Lau et al. (2003), the problem of preterm infants is in coordinating swallowing
and respiration rather than sucking and swallowing. Breast-feeding and bottlefeeding makes a difference in the coordination of sucking, swallowing and
breathing. During breast-feeding, swallowing does not interfere with breathing
but appears between breathings (Goldfield, Richardson, Lee, & Margetts, 2006).
The same was not observed with a hard-walled bottle and nipple.
According to a study of Eishima (1991), neonatal sucking movements of
healthy full-term infants include peristaltic tongue movements synchronic with
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jaw movements and two kinds of negative intra-oral pressure. The sucking
movements change over time in order to minimize the energy required (Eishima,
1991). The sucking movements of preterm infants differ from those of full-term
infants in three ways (Bu’Lock et al., 1990). Firstly, there are incomplete or
fragmentary peristaltic waves of the tongue. They are starting from and finishing
at abnormal regions of the tongue and/or progressing in a posterior-anterior
direction instead of antero-posterior. Both the direction and duration are
unpredictable. Secondly, there are extraneous non-peristaltic movements and
thirdly, twitching or tremulous movements of the tongue.
Munching and chewing
The next phase of feeding development after the sucking phase is called the
transitional feeding period that usually begins at 4–6 months of age (Arvedson &
Brodsky, 2002). However, oral motor development in connection to changes in
food consistencies during the second half of the first year of life is an understudied phenomenon (Delaney & Arvedson, 2008). Developmental changes in the
central nervous system and some anatomic change in the mouth, pharynx and
esophagus prepare an infant to the treatment and ingestion of physically varied
consistencies of food (Bosma, 1986). The increase of the intraoral space is due to
the growth of the mandible downward and forward, the elongation of the intraoral
cavity in the vertical dimension. In addition, it is due to the downward shifting of
the hyoid bone and larynx (thus influencing the coordination of breathing and
swallowing), as well as the gradual disappearance of the sucking pads (Arvedson
& Brodsky, 2002). Since the age of approximately 3 months, infants frequently
keep putting their fingers and fists, later toys and other items in the mouth (Morris
& Klein, 1987). The eruption of teeth is the most notable change in the mouth at
this time, however, they serve rather as sensors than motor implements at this
phase (Bosma, 1986). Significantly more enamel deficits of the teeth in VLBW
and ELBW infants have been reported than in full-term infants (Ferrini, Marba, &
Gavião, 2008). In the developmental process, sensory inputs, appropriate for
feeding, are extended into the midbrain, cerebellum, thalamus, and finally to the
cerebral cortex. Consequently, the child is prepared to evaluate the consistencies
of food and to process it voluntarily (Bosma, 1986).
The tongue movements in suckling are vertical, but when they change in
direction during sucking, the infant is ready to start spoon-feeding (Delaney &
Arvedson, 2008). When semisolids are introduced first, the infant only uses
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suckling and sucking patterns in handling the food. Around 5 and 6 months of age,
the movements first represent mainly the phasic bite-and-release pattern of the
jaw and suckling or sucking of the tongue. When the up-down motion of the
tongue is combined to the bite-and-release pattern of the jaw, the pattern is called
munching. Later, in addition to those movements, diagonal rotatory movements of
the jaw and some lateral movements in the tongue are observed. The tongue
lateralization is increasing in the course of time and by the age of 24 months the
circular rotatory movement is present. (Morris & Klein, 1987). Critical periods in
introducing different textures of food have traditionally been observed to be of
importance for the development of handling and acceptance of various textures
(Illingworh & Lister, 1964). For example, solid foods should be introduced
approximately at the age of six or seven months in order to avoid refusal of these
textures later. Also, critical periods for taste have been studied (Delaney &
Arvedson, 2008).
Clinical features of feeding
During their stay at the neonatal intensive care unit (NICU), ELBW preterm
infants undergo various procedures focusing on oral, pharyngeal and laryngeal
area, such as intubations, suctions and tube-feedings. Tube-feeding alone affects
the facial and oral area. It has been observed that tube-feeding for more than three
weeks causes significant facial defensive behaviour and delay in feeding
development in even low-risk preterm infants (born between 32 and 37 weeks of
gestational age without medical morbidities) (Dodrill, McMahon, Ward, Weir,
Donovan, & Riddle, 2004). The tube-feeding of ELBW infants lasts much longer
than three weeks and these infants are in a great risk for sensory problems (Vohr
et al., 2000).
When preterm birth is connected with severe health conditions, the outcome
of feeding development is many times delayed. For example, infants with BPD
and SGA (small for gestational age), develop a normal sucking pattern later than
infants without those conditions (da Costa et al. 2010a,b; Gewolb, Bosma,
Reynolds, & Vice, 2003). In addition, congenital heart disease, appearing in some
preterm infants, threatens feeding development (Arvedson, 2008). Moreover,
infants, suffering from necrotizing enterocolitis (NEC), a severe disease affecting
the intestinal system, are exposed to problems in early feeding development
(Parish & Bhatia, 2008). Gastroesofageal reflux (GER) and a delay in the
gastrointestinal development in general, as well as immaturities in digestion and
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absorption, are frequent in VLBW infants (Jadcherla et al., 2010; Neu & Zhang,
2005). Because sucking behaviour is a result of neuromaturation, neurological
impairments in infants affect the feeding development (Burklow, McGrath, &
Kaul, 2002) and may be the best known reasons for feeding problems in preterm
infants.
In a study by Mathisen, Worrall, O’Callaghan, Wall and Shepherd (2000),
80% of healthy ELBW infants had long-standing feeding problems, such as poor
intake, fatigue with feeding, and delayed feeding skills. Mathisen et al. (2000)
found that six-month-old infants with ELBW performed a significantly lower
percentage of oral motor and self-feeding skills than full-term infants of the same
age did. Although feeding problems are said to appear frequently in preterm
infants, large variations in the skills among them have been observed, some
presenting even age appropriate skills (Pridham et al., 2007). For example, it has
been reported that a minority of VLBW preterm infants displayed delay and lack
of capacity to handle appropriate food consistencies at the ages of 8 and 12
months (Pridham et al., 2007). Nevertheless, a delay in feeding development in
preterm infants during the second part of the first year of life is frequently
reported.
The feeding problems of preterm infants seem to remain very similar over
time (Cerro, Zeunert, Simmer, & Daniels, 2002; Samara, Johnson, Lamberts,
Marlow, & Wolke, 2010; Thoyre, 2007). The quality of food intake, oral motor
problems, feeding behaviour, selectivity, very small portions, difficulties in
transitioning to different textures of food, hypersensitivity, and food refusal are
typical problems. Parents of preterm children between the ages of 1.5 and 3.5
years reported that they used food rewards and coaxing in the feeding situation
(Cerro et al., 2002). In a Taiwanese study (Howe, Hsu, & Tsai, 2010), children
with long-lasting feeding problems were frequently reported to have been born
preterm and with VLBW. Respectively, six-year-old children born extremely
preterm had significantly more eating problems than their peers (Samara et al.,
2010). Cognitive impairment and neuromotor disability were associated with an
increased prevalence of clinical oral motor and hypersensitivity problems, and
intervention was recommended for the children to prevent the elongation of the
problem (Samara et al. 2010).
Predicting feeding difficulties would be valuable to relieve the stress and
anxiety of preterm infants and their families. However, according to Buswell and
colleagues, it is not possible to predict oral motor problems that appear in late
infancy in preterm infants (Buswell, Leslie, Embleton, & Drinnan, 2009).
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Prolonged respiratory support and delayed enteral and oral feeding comprised the
greatest risk factors for feeding development in preterm infants compared to
infants scoring normal in an early feeding assessment (Hawdon, Beauregard,
Slattery, & Kennedy, 2000). According to Hawdon et al. (2000), preterm infants
with disorganized and dysfunctional suckles were six times more likely to vomit
and three times more likely to cough when offered solid food at the age of six
months. At the age of 12 months they had significantly more problems in
tolerating lumpy food and enjoying the mealtime. In a study by Johnson & Harris
(2004), often-experienced illness and especially vomiting, diarrhoea and
constipation were associated with food refusal and food neophobia as well as
mealtime negativity. However, according to Schauster and Dwyer (1996), a
smooth transition from tube-feeding, including promoting a positive feeding
atmosphere between the infant and the caregiver, determining the feeding
readiness, normalizing feeding and initiating a feeding plan both benefits the
health of the infant immediately and prevents from dysfunction in feeding later in
life. In addition, nutritional, physiological and behavioural factors need to be
considered to prevent feeding problems of preterm infants with low birth weight
(Burklow et al., 2002).
2.4

Relation of feeding skills to gross motor skills

The relation of feeding and gross motor skills has been considered especially in
connection to cerebral palsy (Mueller, 1978). Gradually the idea of the interplay
between oral motor and gross motor behaviour in feeding has been commonly
generalised to feeding and it has become the starting point of clinical practice and
intervention (Morris & Klein, 1987), however, mostly lacking scientific
background.
According to Morris and Klein (1987), the oral motor functions essential to
feeding appear when the head and trunk have reached stability, symmetry and
alignment. Head control and the stability of the trunk build the gross motor basis
for fine motor functions of both the mouth and the hands. Mobility is enabled by
proximal stability also in terms of oral-pharyngeal function (Woods, 1995). Trunk
and pelvic stability are needed for the neck and shoulder girdle stability, which
gives stability to the mouth.
In a recent study, an association between uncoordinated sucking patterns and
abnormal general movements has been observed (Nieuwenhuis, da Costa,
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Bilderbeek, Geven, van der Schans, & Bos, 2012, in press). No further research
on the topic has been found.
In the 1990s the possible association between feeding and speech was widely
discussed and for example Moore and Ruark (1996) stated that speech does not
emerge from feeding or other earlier appearing oral motor behaviours, a view that
has later been confirmed in studies using electromyographic (EMG) signals from
mandibular muscle groups (Steeve, Moore, Green, Reilly, & McMurtney, 2008).
In addition, the task-specific behaviour of the jaw across the functions has been
corroborated in babbling and chewing (Steeve & Moore, 2009).
In clinical work the assumption has been that there is a relation between fine
and gross motor development, and professionals have relied on this hypothesis in
intervention work for a long time. However, it is not possible to find scientific
evidence for that. It is presumable that the point of view is based on the work with
children who have different kinds of problems in their motor development (e.g.
cerebral palsy).
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3

Aims of the study

The aim of the study was to:
1.

2.

3.

4.

Describe in detail the preverbal development of preterm infants with ELBW
from the gestational age of 37 weeks up to the first word, and to compare that
with the development of full-term infants.
Study the relation between preverbal vocalisation and gross motor movement
patterns from the gestational age of 37 weeks up to the first word and first
steps in preterm infants with ELBW, and to compare this association to that
of full-term infants.
Describe the feeding development of preterm infants with ELBW from the
gestational age of 37 weeks up to the chewing of solid food, and to compare
it with that of full-term infants.
Compare the relation between feeding skills and gross motor movement
patterns from the gestational age of 37 weeks up to chewing in preterm
infants with ELBW and to compare this association to that of full-term
infants.

43

44

4

Material and methods

4.1

Subjects

The study population consisted of 19 preterm and 11 full-term infants. The
preterm infants were born with a birth weight less than 1020g, the families
volunteering, and living within 250 kilometres from Oulu University Hospital,
Northern Finland. The mean birth weight of the preterm infants was 880 grams
(range 670–1020 grams) and the mean gestational age at birth 27 weeks (range
23–30 gestational weeks) (Table 2). Sixteen preterm infants had no disabilities but
three did have. One infant proved to have severe hearing loss and was therefore
excluded from the assessment of vocalisation but was included in the assessments
on feeding, as hearing loss was not thought to prejudice oral motor functions. One
preterm infant was blind and another one was later diagnosed with mild diplegia,
impairments that were not thought to prejudice either vocalisation or feeding
development. They were both included in the final study population of preterm
infants, which thus was comprised of 7 girls and 12 boys. The preterm infants
were born between October 2003 and April 2005. The ages of the preterm infants
are given as corrected ages.
The control group consisted of healthy full-term infants born at Oulu
University Hospital between August and November 2003 whose volunteering
families were living within 50 kilometres from the hospital. After excluding one
infant with severe hearing loss, there were altogether 11 full-term infants, seven
girls and four boys.
Respiratory distress syndrome (RDS) had been diagnosed in 17 preterm
infants and BPD in four of them later on. The total length of respiratory support
can be seen in Table 2. Three infants had been exposed to birth asphyxia, two had
been diagnosed with periventricular leucomalasia (PVL) and 13 with
intraventricular haemorrhage (IVH). Most of the IVHs diagnosed were mild
(grade I–II) while one was of grade III and one of grade IV. The naso-gastric tube
(Ng-tube) for feeding had been used up to the median post-conceptual age of 37
weeks (range 35–43) in all preterm infants. The health information was collected
from the case histories of the infants.
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Girl

Boy

Girl

Girl

Girl

Girl

Boy

Boy

Boy

Boy

Boy

Boy

P8

P9

P10

P11

P12

P13

P14

P15

P16

P17

P18

P19

990g

920g

760g

975g

670g

932g

1020g

890g

810g

975g

790g

680g

980g

680g

980g

905g

910g

925g

925g

Birth weight

27

27

25

25

23

26

30

27

27

27

26

24

28

25

30

29

26

30

27

at birth

Gest. age

3

x

x

x

SGA

17

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

RDS

4

x

x

x

x

BPD

3

x

x

x

Asphyxia

2

x

x

PVL

2

x

x

IVH ≥ IIIº

38

38

42

43

53

36

39

39

39

38

37

37

37

35

38

38

35

37

36

to (weeks)

Ng-tube up

7

7

15

19

67

10

1.5

10

21

8

3

19

½

24

7

5

4

3

5

(days)

Intubation

4

17

41

56

30

24

1.5

26

8

3

1

31

21

35

2

10

27

(days)

16

15

30

38

20

8

14

30

2

41

16

19

40

(days)

NCPAP Nasal cannula

Naso-gastric tube, PVL = Periventricular leucomalasia, IVH = Intraventricular haemorrhage, NCPAP = Nasal continuous positive airway pressure

ELBW = extremely low birth weight, SGA = Small for gestational age, RDS = Respiratory distress syndrome, BPD = Bronchopulmonary dysplasia, Ng-tube =

n=

19

Boy

P7

N

Boy

Boy

P6

Boy

P4

P5

Girl

Boy

P3

Girl

P1

P2

Sex

Code

Table 2. Information concerning the ELBW preterm group. All the full-term infants were healthy newborns.

Eleven of the preterm infants were firstborn and five of them were single children
in their families, while four of the full-term infants were firstborn single children.
The degree of education of the mothers of both groups was similar. There was no
difference in the number of acute otitis media episodes between the preterm and
the full-term groups. All the parents spoke Finnish as their first language except in
one family, where the father spoke only Spanish. However, the child spent the
day-time with her Finnish-speaking mother during the data collection.
A pilot study with one infant not included in the study sample was performed
to test the assessment methods and data collection procedure before starting the
actual study.
The research protocol was approved by The Ethical Committee of the
Northern Ostrobothnia Hospital District. A written, informed consent was signed
by the parents for their infants’ participation in the study.
4.2

Data collection

Video-recordings were used to collect the data on vocalisation, gross motor and
feeding development. The preterm infants were video-recorded for the first time
at the post-conceptual age of 37 weeks, next time at term age and then biweekly
up to the age of three months. After that the video-recordings took place once a
month until the infants had reached the first word, early stepping and chewing.
The first video-recordings were made at the hospital and after discharge they were
made at home. The full-term infants were video-recorded for the first time at the
hospital before discharge after birth and after that using the same procedure as
with the preterm infants. A total of 578 video-recording sessions were performed
of the preterm and the full-term infants. The median number of video-recording
sessions was 19 for the preterm (range 17–27) and 17 for the full-term infants
(range 16–18) during the entire data collection. A Panasonic NV-R10 VHS-C
movie camera on a stand, 0.5–2.5 meters (0.5–1.5 meters during the feeding
sessions) from the infant, was used.
The video recordings were stored in Transana (Fassnacht & Woods, 2007,
version 2.20), a program for transcription and qualitative analysis of large
digitised video and audio data. It provides tools for building a database and file
manipulation as well as organising and storing data. Vocalisations, feeding or
motor skills that were heard or observed outside the video-recordings but not
during the recordings, were written down and used in the analysis. In addition, the
current health information was collected in the diary.
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The data on vocalisation and motor skills of the preterm and full-term infants
were gathered from video-recordings, which were made when the infants were in
an alert state. The video-recording was stopped when they got tired, hungry or the
infants had produced enough vocalisation for the analysis. The physiotherapist
was making the motor assessment of the infants or the mothers were actively
interacting with them during the video-recording sessions. Data on feeding skills
was collected during the feeding time, the infants were hungry and mainly the
mothers were feeding them with only a few exceptions. Sometimes a nurse at the
neonatal ward was feeding the infant and the father on some occasions when the
infant was already discharged home. The duration of the video-recording sessions
became longer along with the growing age, alertness and activity of the infants.
The median length of the video-recording sessions during the entire data
collection including both vocalisation, motor development and feeding was 16
minutes (range 7–43) for the preterm and 15.5 (range 5–41) minutes for the fullterm infants.
All vocalisations the infants performed were transcribed, analysed and
classified at the various stages. Only vocalisations during crying or with a toy or a
utensil in the mouth were excluded. Vegetative sounds, such as burps and hiccups
were also excluded because of their reflexive nature. Cry was, however, included
but not laughter. In several cases the parents reported that laughter had appeared
but it was not heard during the video-recorded session. The syllables and syllable
combinations were considered as skills in addition to other vocalisation skills,
such as the first word. In Finnish these are the following 10 syllable types: V, CV,
VC, CVC, VV, CVV, VCC, CVVC, VCC and CVCC (Suomi, Toivanen, & Ylitalo,
2008). The phonemes in the syllables were classified as vowels and consonants.
The duration of a vowel was not analysed and a diphthong was considered as a
vowel in the present study. However, when an adult listener heard a consonant
longer than a single consonant, it was interpreted as a double consonant (such as
[ak.ka]) and as a sequence of consonants (such as [en.ti]) when the listener
identified a consonant cluster (two different consonants).
An individual skill was accepted at its first appearance. An infant was defined
having reached a certain developmental stage when at least 20% of the
vocalisation heard belonged to that stage. This is a commonly used criterion in
studies (Nathani et al., 2006). Some infants produced 20% consisting of only one
vocalisation type, and others several different vocalisation types of the stage.
Vocalisation of the phonation stage is reflexive by nature, and that is why the
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calculation of vocalisations was started when the first vocalisation skills from the
primitive articulation stage appeared. The time lag between the first appearance of
a vocalisation belonging to a specific stage and entering the stage was reported.
This was needed in order to define the length of the transition from one
vocalisation stage to another. The number of vocalisations produced during every
video-recorded session, were calculated in order to find out whether there is a
quantitative difference in the preverbal vocalisation between the preterm and fullterm infants. The borders between utterances were defined when an audible
breath or a silence was identified in a vocalisation act (Nathani et al., 2006).
Vocalisation frequency in relation to the duration of the session was defined as
well. The median age was used to define when the preterm and full-term infants
entered the various developmental stages of preverbal vocalisation.
The first two minutes of the feeding session were video-recorded following
NOMAS (Neonatal Oral Motor Assessment Scale) protocol while assessing
suckling. The infants were in the lap of the feeder and the video-recording was
made from one side of the infants, focusing on the profile, so that the face and the
jaw were visible. When the infants were spoon-fed they were first sitting in a
baby chair and the feeder was opposite the infant. Later, approximately after the
age of six months they were sitting in a high chair at the table. The feeder was
then sitting on the side of the infants. The spoon-feeding sessions were also
video-recorded in a way that the face and the jaw of the infants were visible.
The mothers were not required to use any special utensils during the feeding
sessions, so they mainly used their ordinary spoons and plates. The food was most
often age-appropriate commercial baby food. The mothers of the preterm infants
got the instructions for food consistencies and feeding techniques from the
paediatric clinic at the university hospital as part of their regular follow-up visit.
Owing to the preterm infants’ poor weight gain, the mothers were advised to
introduce semisolids for them earlier than usual, already at the corrected median
age of 1.5 months. Those preterm infants who had feeding problems had
appointments with a speech and language therapist (SLT) during their follow-up
visits at the hospital. The SLT gave the mothers more detailed instructions
concerning feeding techniques, when necessary. The feeding skill of the mother
was not evaluated during the data collection. The mothers of the full-term infants
got instructions concerning food texture at the child welfare clinics, which all
Finnish children visit for regular check-ups from birth up to school age. In
Finland the recommendation for introducing semisolids is between four and six
months, and for lumpy and solid foods eight months.
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4.3

Assessment methods

4.3.1 Assessment of preverbal vocalisation
Oller (2000) classified preverbal vocalisation using the following main stages:
phonation, primitive articulation, expansion, canonical babbling and integrative
stages. The preverbal vocalisation of the 11 full-term infants was described and
vocalisation types that were found but were not included in Oller’s categorisation
were added to the original categorisation before analysing the vocalisation of the
preterm infants. The purpose of the extension of Oller’s categorisation was to
describe the preverbal vocalisation of the preterm infants in greater detail and to
make it possible to find out even the smallest differences between the preterm and
the full-term infants in their preverbal vocalisation. In addition, the aim was to
find out about the typical way of development for preterm infants. Some
vocalisations were also renamed and recombined. The ages-of-appearance of each
milestone and entering the various stages of preverbal vocalisation were defined.
The skills each infant reached and what they failed to produce, how often the
various vocalisation skills appeared in each group, and the order of appearance
were analysed. The assessments were made by the SLT (HT).
Phonation stage
The phonation stage lasts from birth to approximately two months of age (Oller,
2000). First the infants produce mostly quasi-resonant nuclei (QRN), later quasivowels. Oller defines the vocalisation manners of this stage as vegetative sounds,
crying and normal phonation. In addition to those, three quasi-resonant nuclei
were separated and named creaking, groaning and fussing (Table 3). Creaking is a
strong, sometimes metallic vocalisation that appears together with slow wriggling
and stretching body movements and often before cry. Groaning is less compressed
but also often connected with comprehensive movements and also frequently
preceding cry or feeding. Fussing is a [h]-like voiceless friction noise caused by
the air passing through a narrow passage in the vocal tract (see, Pike, 1943, p. 71).
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1.5 mo ca

Groaning

3
3
2.5

Cooing

Fussing + normal phonation

10.5

Exploring the extremities of articulation

organs

5
5

10

Raspberries

Exploring the extremities of phonation

6.5

Blowing

Marginal babbling

5

Interruption of phonation

Entering

5 mo ca

7

Ingressive phonation

Distress

III Expansion stage

4
3.5

Diphthong-like phonation

Vowel-like phonation

2.5

Joyful phonation

Entering

II Primitive articulation stage
2.5 mo ca

1.5–2 mo ca

37wk pc
37wk pc

Creaking

Fussing

37–37 wk pc

37wk pc

6–15

4–7

4–7

5–14

6–10

5–7

4–6 mo ca

1.5–4

2–6

1.5–5

2–13

2.5–6

3–6

2–6

1.5–3 mo ca

37–40 wk pc

37 wk pc–2 mo ca

37wk pc

37wk pc─2 wk ca

Age range

Normal phonation

Entering

Cry

Median
37wk pc

I Phonation stage

10

18

18

14

10

18

18

16

18

8

16

9

17

18

18

18

18

18

reaching skill

N of infants

ELBW PRETERM INFANTS, (n = 18)

Table 3. Early vocalisation of the ELBW preterm and the full-term infants.

8

5

6

5

9

5

5 mo

2.5

3

2

3

2.5

3

2

2 mo

1.5 mo

Birth

Birth

Birth

Birth

Birth

Median

6–12

4–6

4–7

5–9

6–11

4–7

4-6 mo

1.5–3

1.5–4

2–3

1.5–8

1.5–5

1.5–6

1.5–3

1.5–2.5 mo

1.5–2 mo

Birth–2 wk

Birth–2 wk

Birth–1 mo

Birth─1 mo

Age range

7

11

11

11

7

11

11

11

11

9

11

11

10

11

11

10

11

11

reaching skill

N of infants

FULL-TERM INFANTS, (n = 11)

0.740

0.019

P-valueª
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10
9
8

CVC, e.g. [mam.mam.mam.mam]

VC, e.g. [en.en.en.en]

VCV, e.g. [ugu.ugu.ugu]

11
12

CVC-CV, e.g. [teh.ti], [heik.ki]

CV-VC, e.g. [va.han],

12

Gibberish

13

First word

ELBW = extremely low birth weight

12 mo

Proto word

V First word stage

10

CV-CVC, e.g. [ki.am], [ne.en]

[dee.daa.ded.dang]

10
10

VC-CV, e.g. [en.ti], [ak.ka]

10

CV-CV, e.g. [ma.ja], [ka.to]

10.5

V-CV, e.g. [o.ta], [ei.je]

9

Non-glossable

Interjection

Entering

9 mo

7.5

CV, e.g. [ga.ga.ga], [ma.ma.ma]

Variegated babbling

8

8 mo

V, e.g. [i.i.i.i], [ei.ei.ei.ei]

Entering

Canonical babbling

IV Canonical stage

11–15

10–14 mo

8–15

10–14

9–12

9–13

7–13

8–15

9–12

8–15

8–13

8–12 mo

7–9

7–15

5–12

6–15

7–13

6–10 mo

18

18

10

3

3

14

16

18

15

8

18

4

10

16

18

16

ELBW PRETERM INFANTS, (n = 18)

11

11 mo

11

12

-

9

10

9

10

11

10

10 mo

8

10

8.5

8

8.5

8 mo

9–13

9–12 mo

9–12

12─12

-

9–9

8–10

7–11

7–13

11–11

8–12

8–12 mo

7–9

7–11

7–10

6–10

7–10

6–10 mo

11

11

5

2

0

1

5

8

10

2

10

6

5

8

11

8

FULL-TERM INFANTS, (n = 11)

0.004

0.808

0.842

Primitive articulation stage
Primitive articulation stage appears typically between one and four months of age.
Vocalisations heard at this stage are repetitive QRNs, cooing and velar closures in
the form of primitive syllables. In the present study, not all full-term infants
produced the velar closure, heard as a gargling-like vocalisation in combination
with joyful phonation called cooing (the same as gooing in Oller’s earlier
categorisation from the year 1980) or there could be a time interval in their
appearance. That is why we separated these two vocalisations and called them
cooing and joyful phonation (Table 3). Although normal phonation appears
already at the phonation stage, at this stage it sounds delighted and more
controlled than the version appearing earlier does. Therefore we called it joyful
phonation. Vowel- and diphthong-like vocalisations as well as distress were also
found. There was a combination of fussing and normal phonation appearing at
this stage as well as ingressive phonation, which is placed on the next stage in
Oller’s (2000) categorisation.
Expansion stage
Infants present expansion stage skills from three to eight months of age (Oller,
2000). They expand their articulation and phonation skills widely during this
stage. Fully resonant vowel-like elements appear at this phase of vocalisation.
Raspberries, squealing, yelling, ingressive-eggressive vocalisation, growling, and
marginal babbling are typical vocalisations at expansion stage (see Oller, 2000)
(Table 3). The following skills were defined in addition to the original
categorisation and reorganised under connective titles: 1/ Interruption of
phonation, an essential element of a consonant, was extracted. 2/ Play with
phonation manners means that the articulation movements are rapidly moving,
for example from oral to nasal or vice versa, such as [ngn] or the speech sounds
are arbitrarily connected to each other, such as [he˘stn] or [mby˘dn]. Glides from
stops to the respective voiced consonants, such as [kN], and from fricatives to a
combination of voiced and nasal consonants, such as [hQbm] were frequently
observed in the full-term infants. Single syllables or arbitrary syllable
combinations, which lack the rhythm of canonical babbling, were found and
called marginal babbling. 3/ Exploring the extremities of articulation organs
consists of skills such as smacking and cracking, whereas 4/ exploring the
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extremities of voice refers to characteristics, such as volume, pitch, intonation and
stress. They were added to the original categorisation.
Canonical babbling
Canonical babbling, appearing in typical development between the age of five and
10 months, consists of rhythmical, repetitive syllables or syllable chains (Oller,
2000). The vowels and consonants in the syllables within a syllable chain are the
same. Single syllables are also heard at this stage. The infants are capable of
timing the syllables according to the rhythm of the ambient language. Preference
of certain syllable type for some time during canonical babbling is frequently
observed. The syllable types that the infants demonstrated were defined (Table 3).
Variegated babbling
Variegated babbling means that the infants make various syllable combinations
where either the vowel, the consonant or both of them change (Oller, 2000). As
the infants learn new syllables constantly, at this stage they are able to make rich
variations of syllable combinations. Variegated babbling belongs to the canonical
babbling stage. Sometimes canonical and variegated babbling has been observed
to overlap in some infants. Oller (2000) included variegated babbling into the
canonical stage, as it is done in the present study. However, these two types of
babbling are viewed separately. In addition, the syllable combinations that the
infants produced were defined in the present study (Table 3). Furthermore, totally
different vocalisations from babbling were produced by the full-term infants.
They consisted, for example, of syllables including a consonant with a diphthong
or a phonetically long vowel, or both, such as [tauo˘] or [heQ˘]. In addition to
those, syllables with a diphthong, vowel and a phonetically long vowel, such as
[Qyiu˘] were heard. These syllables were called non-glossables. Little words or
non-words constituting an utterance by themselves and expressing a mental
attitude or state (Ameka, 1992) were extracted and called interjections. In the
present sample interjections included short, loud, often commanding utterances
that may consist only of an interruption of phonation, a syllable, a syllable
combination, a proto-word or a word.
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Integrative stage
At the integrative stage the infants produce long, speech-like, slurred syllable
combinations using the prosody of their native language (Oller, 2000). That is
called gibberish. This phase precedes the first word phase. In the present study,
variegated babbling and gibberish were combined, just as in Oller’s (1980) earlier
categorisation because of the difficulty in distinguishing between these two
vocalisations.
First word
In the present study the first occurrence of a word was defined according to
Vihman and McCune (1994). Context, vocalisation shape and relation to other
vocalisations are the basic criteria in their word definition. The contextual criteria
are met if at least one use of the utterance appears in the right context; the mother
identifies the utterance as a specific word; there are more than one occurrences of
the word and more than one episode of the use of the word. If at least two
segments of the utterance are equivalent with the original word, it is possible for
an untrained listener to recognize it, and if it is pronounced in all instances in a
tune congruent with the meaning of the word, the criteria based on vocalisation
shape are met. In addition, Vihman and McCune (1994) define that at least one
use of the word may be imitated, all appearances of the word are phonologically
similar and the word always appears in contexts where no doubt about that
specific word exists. If a specific word was heard only once during the videorecorded session but the parents reported that word to include in their infant’s
vocabulary, the word was confirmed. The utterances, such as non-dictionary
utterances or vocal effects (e.g. imitation of the sound of an animal or a vehicle,
or occasional words) or word-like utterances with no plausible meaning, were
called proto words.
4.3.2 Assessment of gross motor development
A qualified physiotherapist (PT) assessed the gross motor development using the
Alberta Infant Motor Scale (AIMS) (Piper & Darrah, 1994) and the muscle tone
using the modified Ashworth Scale of Muscle Spasticity (Bohannon & Smith,
1987). Motor development was also evaluated by a child neurologist during a
traditional neurological check-up at the corrected ages of three, six, and twelve
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months. The child neurologist also tested the muscle tone using the Modified
Ashworth Scale of Muscle Spasticity.
AIMS
AIMS is a norm-referenced assessment method based on the observation of the
motor performance of an infant. This method is designed to identify the levels of
motor performance, to evaluate the change in motor performance over time and to
provide information for motor intervention. It measures the developmental
process in motor milestones from birth up to independent walking as well as the
integration of antigravidity muscular control in prone and supine lying, sitting and
standing positions. The infant is encouraged to present her motor skills
spontaneously and the evaluator to avoid assistance, at most to play with the
infant. Only age-appropriate items should be tested. There are 21 items in prone
lying, nine in supine lying, 12 in sitting, and 16 in standing position: altogether 58
items that are counted as raw scores. The total scores up to early stepping are
fewer, 54. The position of an infant, relative to the age-matched normative sample,
is seen from the percentile ranks.
The Modified Ashworth Scale of Muscle Spasticity
The muscle tone was evaluated according to the Modified Ashworth Scale of
Muscle Spasticity. It is a subjective method that can reliably be used only by an
experienced practitioner, a physician or a PT. It is a scale that defines muscle tone
from 0 up to 5, where 0 means no increase in muscle tone and 5 that the affected
part is rigid in flexion or extension.
Assessment of the vocalisation skills in relation to gross motor movement
patterns
The main movement patterns were defined according to the classification of
Bobath and Bobath (1978). Their stages were midline orientation (three months),
extension and symmetry (five months), rotation (7–8 months) and creeping,
rotation in sitting and supported walking (9–10 months). Accordingly, the main
motor movement patterns in the present study were organized into six classes,
namely reflexive, midline, extension-flexion and weight shifting as well as
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rotations in lower and higher positions and independent standing behaviour. After
that the motor milestones of the AIMS-test were grouped according to the main
movement patterns, as seen in Table 4.
Each infant was studied separately in terms of preverbal vocalisation and
motor development. The ages-of-emergence of every vocalisation skill were
compared to every gross motor movement pattern and analysed separately in the
preterm and full-term infants. The gross motor movement patterns may overlap in
infants. Therefore the transitions from one movement pattern to another had to be
fixed individually. There is no universal model to define transitions from one
movement pattern to another. Therefore a decision to use the following definition
was made. A movement pattern was defined as dominant from the time the first
skills of that stage appeared and was considered dominant until the appearance of
the penultimate motor skill. Finally, the ages-of-emergence of the preverbal
vocalisation milestones were compared with those of the gross motor movement
patterns in order to find out about the possible synchrony of the development of
vocalisation and motor skills.
4.3.3 Assessment of feeding skills
Feeding skills were assessed using the Neonatal Oral Motor Assessment Scale
(NOMAS) (Palmer, Crawley, & Blanco, 1993) and an oral motor checklist. The
assessments were made by the SLT (HT).
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Rotation in lower positions

rolling over from supine to prone or prone to supine with an immature movement pattern without rotation in supine lying

sideways

unsustained sitting without arm support, balance is easily lost when experimenting with weight shift forward, backward or

unstable four-point kneeling, the infant maintains the position and may rock back and forth or diagonally

and staying in a propped side lying position

reaching for an object from forearm support, “pivoting” (moving like a clock hand around the navel), crawling reciprocally

rolling from supine to prone or prone to supine with rotation

legs

maintaining the head in midline and the hips in line with shoulders and abducted in standing, variable movements of the

sitting with arm support the head movements being free from the trunk

keeping the head in line with the body or in front of the body and the arms, hips and knees flexed, when pulled to sit

sitting

keeping the head up in midline and shoulders elevated, hips and knees flexed and supporting the weight on arms briefly

raising the head and the extremities from the surface, weight on the abdomen in prone lying

later supporting on the forearms the elbows in front of the shoulders or on extended arms and “swimming” symmetrically

lifting the head 90° simultaneously with first supporting on the forearms or on extended arms in prone lying

the hands first to the knees, later even up to the feet, pull into extension with either one or both legs in supine lying

shifting behaviour

some flexion in the hips

lifting and maintaining the head in midline momentarily when sitting and in line with body when standing supported with

shoulders and support on the forearms with the elbows in line with the shoulders in prone lying

turning the head and momentarily lifting the head 45° from the surface several times in a row, the elbows behind the

later the hands reach each other and rest on the chest in supine lying

first only the head in midline, the arms either flexed and abducted or positioned at the side of the body in supine lying

asymmetrical movement pattern

Extension-flexion and weight

Midline behaviour

stretching

Reflexive behaviour
turning the head from one side to another

Gross motor skills

Movement pattern

Table 4. Gross motor skills according to the movement patterns.
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Independent standing

reciprocal creeping, moving from four-point kneeling to sitting or half-sitting, reaching from extended arm support in four-

Rotation in higher positions

early stepping

standing alone

half-kneeling with weight on one flexed knee and the opposite foot and with arm support

rotation, lowering controlled from standing

pulling to stand with or without support, rotating the body in supported standing position, cruising supported with or without

in sitting

sitting without arm support, reaching for an object with trunk rotation, moving from sitting to prone or to four-point kneeling

kneeling in prone lying

point kneeling position, modified four-point kneeling with one knee and the other foot on surface and a stable four-point

Gross motor skills

Movement pattern

NOMAS
Early sucking was assessed using NOMAS. NOMAS is an evaluation method,
based on observation of early sucking and it can be used as long as the suck reflex
is present. Both nutritive sucking (NS) and non-nutritive sucking (NNS) are
evaluated. Sucking rate, rhythm, consistency of the degree of jaw excursion and
direction, range of motion, timing of tongue movements and tongue configuration
are evaluated based on 28 issues. The sucking pattern can be classified as normal,
disorganized, and dysfunctional (Table 5). In general, an uncoordinated sucking
pattern is defined as disorganised, while abnormal movement patterns of the jaw
and the tongue as dysfunctional (Palmer & Heyman, 1993).
Table 5. NOMAS, Neonatal oral motor assessment scale.
NORMAL

DISORGANIZATION

DYSFUNCTION

Jaw

Jaw

Jaw

__ Consistent degree of jaw

__ Inconsistent degree of jaw

__ Excessively wide excursions

depression

depression

that interrupt the intra-oral seal

__ Rhythmical excursions

__ Arrhythmical jaw

on the nipple

__ Spontaneous jaw

movements

__ Minimal excursions, clenching

excursions occur upon tactile

__ Difficulty initiating

presentation of the nipple up to movements:

___ Asymmetry; lateral jaw
deviation

30 minutes prior to a feed

__ Inability to latch on

___ Absense of movement (% of

___ Jaw movement occurs at

__ Small, tremor-like start-up

time)

the rate of approximately one
per second (½ the rate of NNS)

movements noted
__ Does not respond to initial cue

___ Sufficient closure on the

of nipple until jiggled

nipple during the expression

___ Persistence of immature suck

phase to express fluid from the pattern beyond appropriate age
nipple

__ under 40 weeks PC
(transitional suck)
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___ Lack of rate change
between NNS and NS
(NNS = 2/sec; NS = 1/sec)

NORMAL

DISORGANIZATION

DYSFUNCTION

Tongue

Tongue

Tongue

___ Cupped tongue

___ Excessive protrusion beyond

___ Flaccid; flattened with

configuration (tongue groove)

labial border during extension phase

absent tongue groove

maintained during sucking

of sucking without interrupting sucking ___ Retracted; humped and

___ Extension-elevation-

rhythm

pulled back into oro-

retraction movements occur in

___ Arrhythmical movements

pharynx

anterior-posterior direction

___ Unable to sustain suckle pattern

___ Asymmetry; lateral tongue

___ Rhythmical movements

for two minutes due to :

deviation

___ Movements occur at the

__ habituation

___ Excessive protrusion

rate of one per second

__ poor respiration

beyond labial border before/after

__ fatigue

nipple insertion with out/down

___ Liquid is sucked efficiently

movement

into the oro-pharynx for

___ Incoordination of suck/swallow

swallow

and respiration which results in nasal

___ Absence of movement (% of

flaring, head turning,extraneous

time)

movement
Palmer, Crawley & Blanco, 1993. Copyright © 1990 Marjorie Meyer Palmer.

Oral motor checklist
The motor movement patterns of the jaw and the tongue in eating semisolid and
solid foods were assessed using a checklist adapted from the Paediatric Oral
Skills Package (POSP) (Brindley, Cave, Crane, Lees, & Moffat, 2001) and the
description of feeding skills by Morris and Klein (1987) (Table 6). The checklist
includes the basic movement patterns of the jaw and the tongue. The oral motor
skills were classified into four larger categories, namely volitional sucking,
munching, emerging chewing and chewing. Emerging chewing is characterised
with lateral and chewing with rotational movements. The movements of the jaw
and the tongue were studied ignoring the cheeks and lips. This was because it is
very difficult to evaluate the functions of the cheeks and the lips of a very young
child perceptually, and also because their importance for feeding during the first
year is minor compared with the jaw and the tongue (Morris & Klein, 1987).
Direct observation of the jaw and the tongue was made and classified as normal
or abnormal movement patterns.
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Table 6. Evaluation of the motor patterns of jaw and tongue.
Normal patterns

Abnormal patterns

TONGUE
Suckling

Exaggerated tongue protrusion

Sucking

Tongue thrust

Munching

Tongue retraction

Lateral tongue movements

Tongue asymmetry
Hypotonic tongue
Limited tongue movement

JAW
Munching

Tonic bite

Lateral jaw movement

Jaw thrust

Diagonal movement

Jaw retraction

Diagonal rotary movement

Jaw instability

Circular rotary movement

Jaw clenching
Jaw deviation

Checklist adapted from Paediatric Oral Skills Package (Brindley, Cave, Crane, Lees & Moffat, 2001) and
Morris & Klein (1987).

Clinical observations of the feeding skills
The oral motor checklist presents only the motor skills, not the quality of the skill.
No assessment method that would also reveal the quality of the functions was
available. Therefore an additional description of the oral motor functions of the
infants in the feeding situation, based on the clinical experience of the author, was
performed. When this qualitative analysis of the feeding revealed problems in
feeding, other than motor, they were called behavioural feeding problems.
Assessment of the feeding skills in relation to gross motor movement
patterns
Each infant was studied separately in terms of feeding and motor development.
The ages-of-emergence of every feeding skill were compared to every gross
motor movement pattern and analysed separately in the preterm and full-term
infants. The gross motor movement patterns were defined similarly as in the study
concerning preverbal vocalisation and gross motor development. The ages-ofemergence of the feeding milestones were compared with those of the gross

62

motor movement patterns to find out the potential synchrony of the development
of feeding skills and motor skills.
Interrater agreement
A qualified SLT first studied Oller’s (2000) categorisation of preverbal
development and according to that performed an analysis of 10% of randomly
chosen vocalisations of the preterm and full-term infants separately. The SLT was
blinded concerning prematurity of the infants. The interrater agreement between
the author and the SLT in classifying the infants to the various stages of the first
three vocalisation stages was 97% in the preterm and 100% in the full-term
infants. In defining different vocalisation acts, the agreement was 96% in the
preterm and 97% in the full-term infants. The interrater agreement in classifying
vocalisations during the babbling and first word stages was 100% and in defining
the vocalisation manners, syllable types and syllable combinations 90% in both
the preterm and the full-term groups.
The SLT (HT) performed all the assessments of feeding development in the
preterm and full-term infants. Marjorie Meyer Palmer, MA, the creator of
NOMAS, double-checked 33% of the assessments of the sucking patterns of the
infants chosen at random. The interrater agreement in classifying the sucking
patterns into the different categories was 100% and in clinical features 98%. The
oral motor checklist was also tested by another experienced, specialized SLT.
15% of the feeding sessions, chosen at random, were double-checked and the
interrater agreement was 97%.
4.4

Data analysis

This study is descriptive, still some statistical analyses were performed. The agesof-emergence of the different vocalisation, feeding and motor skills in both
groups were first calculated as medians. The median was chosen to describe
average ages because of the skew distributions and the small sample size. The
IBM SPSS software (version 19.0, SPSS Inc., Chicago, IL) was used for
statistical analysis. The non-parametric Mann-Whitney-U-test was used to
compare the ages when the preterm and full-term infants entered the different
vocalisation stages and the number of skills that they failed to produce at each
stage. Vocalisation frequency was observed from the post-conceptual age of 37
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weeks in the preterm infants and from birth in the full-term infants up to the first
word.
The vocalisation trend over age first seemed to increase, then to decrease and then
to increase again, which indicated a cubic trend. A mixed model (IBM SPSS
software 19) was used to assess the age dependent difference between the
vocalisation of the preterm and the full-term infants (McCulloch & Searle, 2001).
In addition to infant group, age, squared age and cubic age and the interaction
between age terms and the group term were included in the model as fixed
explanatory variables to allow for a cubic trend in vocalisation by age. Each
infant was treated as a random explanatory variable. Residual variance was
allowed to vary by age.
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5

Results

5.1 Preverbal development from birth up to the first word
From the post-conceptual age of 37 weeks up to the corrected age of 2.5 months,
the preterm infants demonstrated vocalisations belonging to the phonation stage,
whereas the full-term infants from birth up to the age of 2 months (Table 3).
Thereafter, the preterm infants entered the primitive articulation stage
significantly later than the full-term infants (U = 47.500, p = 0.019). Both groups
entered the expansion stage at the age of five months and the canonical babbling
stage at the age of eight months (Table 3). The preterm infants reached variegated
babbling one month earlier than the full-term infants, though this difference was
not statistically significant. Sometimes canonical babbling and variegated
babbling overlapped as new vocalisation types in both groups. The preterm
infants reached the integrative stage approximately one month later and the first
word phase even two months later than the full-term infants, the difference
between the groups in producing the first word being statistically significant (U =
37.000, p = 0.004).
Phonation stage
Vocalising appeared simultaneously with extensive body or head movements or
flailing with the extremities in the preterm infants, much less so in the full-term
infants. During later preverbal stages, vocalisations however, frequently appeared
in preterm infants without extraneous movements. All infants in both groups were
vocalising from the onset of data collection. Fussing was the last vocalisation type
to appear at the phonation stage, at the age of 1.5 months (Table 3). In some
infants in either group cry was not heard from the beginning of the data collection.
Primitive articulation stage
The preterm infants demonstrated the individual vocalisation skills from the
primitive articulation stage apart from cooing approximately 2–4 weeks later than
the full-term infants (Table 3). The age range between the first and the last skills
were 2.5–7 months in the preterm infants, while 2–3 months in the full-term
infants. In preterm infants, the earliest and most frequent vocalisations from the
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primitive articulation stage were joyful phonation and fussing and normal
phonation. The latest and most seldom appearing skills were ingressive-, voweland diphthong-like phonations. The diphthong-like vocalisations found at the
primitive articulation stage were the following in both groups: [au], [ey], [ou],
[yi], [Qi], [Qu], [Qy] and [Oy]. In general, the variation in the ages-ofemergence or the occurrence of the different individual skills were larger between
the preterm infants than between the full-term infants.
Expansion stage
Typically, the variation of the temporal development of early vocalisation in
preterm infants was more extensive compared to that of the full-term infants. The
variation between the first and the last vocalisation skills at the expansion stage in
the preterm infants was 5.5 months, compared to 4 months in the full-term infants.
Interruption of phonation, marginal babbling and exploring the extremities of
phonation were the vocalisation skills reached first and by every preterm infant.
Exploring the extremities of the articulation organs and blowing appeared in only
half of them (Table 3). Raspberries was a frequent (n=14/18) but a late (10
months) skill appearing in the preterm infants. Although the variance in the
occurrence of the skills was not as large in the full-term infants, the most often
and seldom appearing skills were the same as in the preterm group. Raspberries
appeared in every full-term infant already at the age of five months.
Canonical babbling
In addition to single syllables, the preterm and the full-term infants demonstrated
repetitive syllable chains. The syllable structures the infants produced were V, CV,
CVC, VC and VCV (Table 3). In the preterm infants the syllable types appeared
within 2.5 months while within 2 months in the full-term infants. There was no
difference in the number of syllable types produced by the preterm and the fullterm infants and the V-, CV- and CVC-syllables were the most often appearing
types during canonical babbling in both groups. CV appeared in every preterm
infant and V and CVC in 16 preterm infants. However, the first appearing
syllables in the preterm infants were V, CV and VCV and the last one was CVC,
while CV and VCV were the first and VC the last type in the full-term infants.
The VCV syllable was the most seldom appearing (n=3/18) syllable in the
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preterm infants appearing in half (n=6/11) of the full-term infants. VC was heard
in half of the infants in both groups
Variegated babbling and gibberish
Every preterm infant entered variegated babbling demonstrating interjections
(Table 3). After that, every preterm infant produced the CV.CV and almost all of
them (n=17/18 and n=16/18) the VC.CV and V.CV syllable combinations. The
most seldom appearing (n=3/18) syllable combinations among the preterm infants
were CV.VC and CV.CVC. The most often, (CV.CV n=8/11 and V.CV n=10/11),
and most seldom, (CV.CVC n=2/11), appearing syllable combinations were the
same in the full-term group. The CV.VC combination did not appear in the fullterm infants at all. However, much fewer full-term infants than the preterm
infants presented vocalisation types from the variegated babbling stage. In general,
both the preterm and the full-term infants reached the variegated babbling skills
between the age of 9 and 12 months. Those (n=10/18) preterm infants that were
found to present gibberish, did so at the median age of 12 months, while the fullterm infants (n=5/11) presented gibberish one month earlier.
First word
The age range for producing the first word in the preterm infants was 11–15
months (median 13 months), while that of the full-term infants was 9–13 (median
11 months), respectively (Table 3). Four preterm infants produced their first
meaningful word overlapping with proto-words. However, in the rest of the
preterm infants there was a time lag between the proto-words and the first
meaningful word of up to three months. Ten preterm infants presented protowords for one month and four for three months before the first word could be
corroborated. The full-term infants produced their first word either overlapping
with proto-words (n=4/11) or one month after the onset of proto-words (n=7/11).
Four infants of either group produced their first word and first proto-words at the
same video-recording session. Full-term infants frequently produced new
canonical syllable types (n=5/11) and syllable combinations (n=8/11) during the
onset of word production while the preterm infants did so much more seldom
(n=3/18 and n=6/18). None of the preterm or the full-term infants produced all the
vocalisation types studied before the appearance of the first meaningful word.
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During the babbling, integrative and first word phases, there were typically large
individual differences between the infants in both groups and also between the
two groups.
The quantity of vocalisation
The preterm infants typically failed to demonstrate several vocalisation skills
during preverbal vocalisation, and the variance in reaching skills at the various
stages of preverbal development was large. In the course of time the full-term
infants also failed to produce skills, however, fewer than the preterm infants
(Table 7). The preterm infants failed to produce 1.27 skills (mean) and the fullterm infants 0.27 skills (mean) at the primitive articulation stage (U=37.000,
p=0.004). The preterm infants reached a smaller number of canonical syllable
types than the full-term infants the difference not being significant, however, they
produced a significantly larger number of variegated syllable combinations than
the full-term infants (U=152.000, p=0.016). The preterm infants stayed at that
phase for a longer time than the full-term infants before the first meaningful word
appeared and maybe due to this they reached more syllable combinations than the
full-term infants. Especially the infants (four in both groups) with repeated airway
and middle ear infections failed to produce several vocalisation types.
Table 7. Number of skills the ELBW preterm and the full-term infants failed to produce
during preverbal vocalisation.
Number of skills the infants failed to produce
ELBW preterm infants (n=18)
Mean
I Phonation

Full-term infants (n=11)

Range

Mean

Range

P-valueª

0

0

0.09

0–1

0.707

II Primitive articulation

1.27

0–3

0.27

0–1

0.004

III Expansion

1.38

0–3

0.72

0–3

0.076

IV Canonical babbling

1.5

0–2

1

0–4

0.982

Variegated babbling

2

0–6

3

2–6

0.016

V First word

0

0

1.000b

ª The Mann-Whitney U test was used to compare the groups, ELBW = extremely low birth weight

There was a difference between the preterm and the full-term infants in the
number of vocalisations produced per minute and the changes in the vocalisation
trend happened at different ages in the groups. It means that the transition from
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one preverbal vocalisation level to another was slower in the preterm than in the
full-term infants. The preterm infants vocalised more than the full-term infants
during the phonation stage, while during the primitive articulation stage the
preterm infants decreased their vocalisation. The full-term infants, however, did
the opposite. By the end of the expansion stage the preterm infants still decreased
their vocalisation, while the full-term infants continued to increase their
vocalisation (Figure 1). From the onset of canonical babbling, the number of
vocalisations first decreased and then slowly increased in the preterm group.
Instead, in the full-term group the vocalisation increased dramatically following
the onset of canonical babbling. The difference in the number of vocalisations
between the groups was also statistically significant. In addition, there were
statistically significant differences in the vocalisation trend between the groups.
Three preterm infants demonstrated emerging primitive articulation skills,
such as fussing and normal phonation or distress, before entering the stage.
Likewise, two preterm infants demonstrated skills, such as marginal babbling,
before entering the expansion stage. No full-term infants did so before entering
the primitive articulation but six of them before entering the expansion stage. The
developing skills were heard 1–2 months before entering the primitive articulation
and expansion stages in both groups. In seven preterm and six full-term infants
emerging variegated babbling skills appeared 1–3 months before actually entering
the stage. Emerging skills were more seldom appearing in terms of canonical
babbling, and only one full-term infant demonstrated emerging skills both from
canonical and variegated babbling.
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Fig. 1. Group-specific estimated curves for vocalisation over age.

5.2 Relation of preverbal vocalisation to gross motor skills
The ELBW preterm infants reached gross motor skills at the same age as the fullterm infants during the first three months of corrected age (Figure 2). After that
their development became slower and they failed to present certain motor skills
that the full-term infants reached. The muscle tone was normal in all but one
preterm infant, who was later diagnosed having mild diplegia. His overall tone
was normal, but the tone of his left gastrocnemius and hamstring muscles was
slightly increased. There were no differences in the evaluations of the
physiotherapist and the child neurologists concerning the muscle tone.
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Fig. 2. Medians of the AIMS-scores of the ELBW preterm and full-term infants. For the
preterm infants the follow-up started at 37 weeks of postconceptual age and for the
full-term infants after birth. The infants were followed until early stepping was reached
and the total number of motor milestones up to that point is 54. The total number of
milestones of the entire assessment is 58. Piper & Darrah, 1994. Published with the
permission of Elsevier.
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Phonation stage in relation to reflexive behaviour
Especially the ELBW preterm but sometimes also the full-term infants were
moving simultaneously when producing vocalisation at the phonation stage. The
movements appeared in an asymmetrical pattern, when the infants were stretching
themselves, turning the head from one side to another or flailing with the arms
and legs. In a prone lying position, the infants of both groups kept their knees and
hips flexed under the body or the hand of the physiotherapist was supporting the
body during vocalisation. The development of vocalisation skills in relation to
gross motor movement patterns are seen in Figure 3.

Fig. 3. The medians of the ages when ELBW and full-term infants reached different
vocalisation skills. The infants were followed up to the appearance of the first word
and then the follow-up was finished. The total possible number of vocalisation skills
up to that point was 34.

Primitive articulation in relation to midline behaviour
Vocalisation skills from the primitive articulation stage never appeared before the
ELBW preterm and the full-term infants had entered the midline behaviour.
However, there were several cases, when the primitive articulation skills appeared
during a later gross motor movement pattern (Table 8), more often in the preterm
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than in the full-term infants. Only fussing and normal phonation always appeared
during the domination of the midline skills in both the preterm and the full-term
groups. Joyful phonation and distress also often appeared in the preterm infants
during the domination of the midline skills (n=15/18 and n=12/18) while they
always appeared in the full-term infants. Cooing appeared in 10/18 preterm
infants during this movement pattern but in almost every (n=9/11) full-term infant.
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8
4
15
10
18
12

Diphthong-like phonation

Joyful phonation

Cooing

Fussing + normal phonation

Distress

5
4
18
18
6

Raspberries

Marginal babbling

Exploring extremities of phonation

Play with phonation manners

2

Exploring extremities of articulation

Blowing

18

Interruption of phonation

Extension-flexion, Weight shifting

Expansion

2

Ingressive phonation

Vowel-like phonation

Midline

Primitive articulation

ELBW

1

11

9

6

7

3

9

11

11

9

11

8

10

6

FT

Reached concomitantly

from midline behaviour and primitive articulation.

8

-

-

10

6

6

-

6

-

6

2

5

8

6

ELBW

8

-

2

3

-

4

1

-

-

1

-

3

1

3

FT

Reached later

-

-

-

-

-

-

-

-

-

-

-

-

-

-

ELBW

-

-

-

2

-

-

1

-

-

-

-

-

-

-

FT

Reached earlier

4

-

-

4

8

10

-

-

-

2

1

9

2

10

ELBW

produce

2

-

-

-

4

4

-

-

-

1

-

-

-

2

FT

Skills the infants failed to

Table 8. Appearance of vocalisation skills in relation to gross motor movement patterns in the ELBW preterm and full-term infants
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8
3
4
3

CV

CVC

VC

VCV

ELBW=extremely low birth weight

1st Word

Independent standing

Word
10

8

Gibberish

-

14

CVC.CV
1

13

VC.CV

3

11

CV.CV

CV.VC

9

V.CV

CV.CVC

-

4

4

3

-

2

5

4

2

12

Interjection

7

4

2

4

8

2

FT

Non-glossable

Rotation in higher positions

Vareigated

5

V

Rotation in lower positions

Canonical

ELBW

Reached concomitantly

1

1

-

2

-

-

1

1

2

1

-

5

9

4

8

ELBW

3

2

2

-

-

2

-

2

-

2

2

3

4

1

5

FT

Reached later

7

1

-

-

-

3

6

5

2

5

1

1

4

6

3

ELBW

4

1

-

-

1

1

3

3

-

1

-

-

-

2

1

FT

Reached earlier

-

8

15

15

4

2

-

3

10

-

14

8

2

-

2

ELBW

produce

-

6

9

11

10

6

3

2

9

1

5

6

3

-

3

FT

Skills the infants failed to

Expansion stage vocalisation in relation to extension-flexion activity and
weight shifting
All the ELBW preterm infants reached expansion stage vocalisation skills during
extension-flexion activity and weight shifting behaviour. This was, however, not
the case in every full-term infant. One of them produced interrupted phonations
and two of them emerging raspberries already during midline behaviour.
Interruption of phonation, marginal babbling and exploring the extremities of
phonation were skills that every preterm infant and most or all of the full-term
infants (n=9–11/11) achieved during this gross motor phase. In general, the
preterm as well as the full-term infants reached expansion stage vocalisations
equally often during a later movement pattern as during this movement pattern
(Table 8).
Canonical babbling in relation to rotation behaviour in lower positions
Both the ELBW preterm and the full term infants produced canonical babbling
before entering rotation behaviour in lower positions, the preterm infants even
more often than the full-term infants (Table 8). Because of that, in the preterm
infants less than one third of all canonical syllables overlapped with rotation
behaviour in lower positions. Less than half of the syllables did so in the full-term
infants. Canonical syllables were reached approximately equally often during
rotation in lower and higher positions by both the preterm and the full-term
infants. The CV-syllable was connected to rotation in lower positions in both
groups of infants.
Variegated babbling and gibberish in relation to rotation behaviour in
higher positions
Both the ELBW preterm and the full-term infants produced variegated babbling
and gibberish equally often already before entering rotation behaviour in higher
positions (Table 8). Rotation in higher positions was, however, the gross motor
movement pattern during which variegated babbling and gibberish most often
appeared in both the preterm and the full-term infants. The VC.CV and CVC.CV
syllable combinations, common in the preterm infants (n=13/18 and n=14/18)
appeared during rotation behaviour in higher positions. The VC.CV combination
was a sporadically appearing syllable combination, while it was observed already
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earlier than during rotation behaviour in higher positions, even though also during
and after that stage in both groups. The CVC.CV combination was reached during
the follow-up by only one full-term infant, and this happened during an earlier
movement pattern than rotation behaviour in higher positions. Approximately half
of the infants in both groups failed to produce gibberish during the follow-up.
The first word in relation to independent standing behaviour
Approximately half (n=10/18) of the ELBW preterm infants produced their first
word during independent standing behaviour. Less than half (n=7/18) had,
however, produced the first word already during rotation behaviour in higher
positions while one infant did so after early stepping. One third (n=4/11) of the
full-term infants produced their first word during the rotation phase. Another third
did so during independent standing and the rest of the full-term infants (n=3/11)
after early stepping.
5.3 Feeding development
The suckling behaviour in the ELBW preterm infants was most often
disorganized (n=16/19), sometimes dysfunctional (n=3/19). Instead, it was normal
in most (n=9/11) of the full-term infants and disorganized in only two full-term
infants (Table 10). Only one preterm infant, who was bottle fed during the first
video-recorded session, became breast-fed ever since term age. He stayed
disorganized as long as suckling was present as did also the rest of the
disorganized preterm infants. Similarly, the preterm infants with dysfunctional
pattern stayed dysfunctional. Those two full-term infants who presented a
disorganized suckling when breast-fed were bottle fed from the age of two weeks,
and they also stayed disorganized up to volitional sucking. Both the preterm and
the full-term groups reached volitional sucking at the median age of two months
in spite of the differences in the sucking patterns, the range being 1.5–3 months
for both.
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Normal

X

X

P5

X

P8

P9

Medians

X

X

P16

P19

X

P15
X

X

P14

X

X

P13

P18

X

P12

P17

X

P11

P10

X
X

P7

P6

X

P4

P3

X

P2

Disorg.

P1

Preterm infants

Suckling

X

X

X

Dysf.

2

1.5

2

1.5

1.5

2

2

2

1.5

2

1.5

1.5

1.5

2.5

2

2.5

2.5

3

2.5

1.5

1

1

2

2

2

1

2.5

1.5

1.5

1.5

2

2.5

1

4

1.5

1

1

3

1

sucking
1.5

Intr. of
semisolids

Volitional

corrected ages. Missing function is presented as -.

1.5

1

1

-

-

2

1

2.5

1.5

1.5

-

2

2.5

1

4

1.5

1

1

-

1

semisolids

Sucking of

3

3

3

2

2

5

3

5

2

2

1.5

2.5

3

3

5

3

3

3

3

2.5

Munching

5

5

5

4

2.5

5

6

6

5

5

4

6

5

4

6

6

7

6

5

6

LJM

5

5

5

4

2.5

5

6

5

5

5

4

6

5

4

6

7

7

6

5

6

LTM

6

5

5

4

2.5

5

6

7

6

6

5

6

5

4

6

7

7

6

5

6

DM

Emerging chewing

7

8

8

6

5

8

7

8

7

7

7

7

7

7

8

7

9

7

7

7

DRM

8

8

9

7

7

9

7

9

8

8

7

8

7

7

9

9

10

8

7

8

CRM

Chewing

Table 9. The development of feeding skills in the ELBW preterm and the full-term infants. The ages are given in months and
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X

X

X

X

X

X

X

X

F2

F3

F4

F5

F6

F7

F8

F9

2

2

X

1.5

2

1.5

2.5

2.5

2.5

2

2.5

5

5

5

5

5

6

4

4

4

4

4

7

sucking
2

Intr. of
semisolids

Volitional

3

Dysf.

X

Disorg.

Suckling

5

5

5

-

-

-

-

-

-

-

-

-

semisolids

Sucking of

5

8

6

5

5

6

4

4

4

4

4

7

Munching

5

8

7

5

6

6

5

5

5

5

5

8

5

8

7

5

6

6

5

5

5

5

5

8

LTM

5

8

7

5

6

6

5

5

5

5

5

8

DM

Emerging chewing
LJM

7

10

8

7

7

6

8

6

7

9

7

8

8

11

9

8

8

8

8

7

8

10

8

9

CRM

Chewing
DRM

Diagonal movement, DRM = Diagonal rotatory movement, CRM = Circular rotatory movement

ELBW = extremely low birth weight, Disorg. = Disorganized, Dysf. = Dysfunctional, LJM = Lateral jaw movement, LTM = Lateral tongue movement, DM =

Medians

F11

F10

X

F1

Full-term infants

Normal

The secular trend in feeding development of the preterm infants did not differ
from that of the full-term infants. Semisolids were introduced to the preterm
infants earlier than to the full-term infants, at the median age of 1.5 months
compared to the median age of five months. The preterm infants sucked
semisolids for approximately 1.5 month (range 1–4 months), while the full-term
infants, in general, went over to munching from the onset of spoon-feeding (age
range 4–8 months). Two full-term infants made an exception sucking semisolids
for one and three months before starting munching. They had presented a
disorganized suckle pattern. The preterm infants presented munching earlier than
the full-term infants, i.e. at the age of three months, compared to five months in
the full-term infants, just when the semisolids were introduced to them.
Lateral jaw movement (LJM), lateral tongue movement (LTM) and diagonal
movement (DM) that comprise the emerging chewing appeared most often
simultaneously in the preterm infants (n=14/19). In the full-term infants they
always appeared simultaneously. In one preterm infant they all appeared at
different times, at the ages of five, six, and seven months. In another four preterm
infants one of the skills appeared either one month earlier or later than the two
others. The median ages for these skills to appear were five months for LJM and
LTM and six months for DM (range 2.5–6) in the preterm infants, but five months
for all of them in the full-term infants (range 5–8 months). Diagonal rotatory
movement (DRM) and circular rotatory movement (CRM) appeared in both
groups at the ages of seven and eight months, respectively. The age ranges were
equally large in both groups, 5–9 months for DRM and 7–10 months for CRM in
the preterm infants. The equivalent ages in the full-term infants were 6–10
months for DRM and 7–11 months for CRM. No abnormal oral motor movement
patterns were found after the onset of spoon-feeding in either study group, despite
the fact that there were three preterm infants with dysfunctional sucking pattern.
Early feeding features in preterm infants
The most prominent difference between the groups was found when studying the
quality of feeding; half of the ELBW preterm (n=9/19) and two full-term infants
(n=2/11) suffered from feeding problems. Disorganized and dysfunctional
suckling differs from the normal pattern and can be experienced as a problem if
the feeder does not use special feeding techniques. The preterm infants sucked
semisolids instead of munching them in the beginning of spoon-feeding even up
to three months’ time. As they handled semisolids with a sucking pattern, food
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dropped out of the mouth, feeding was messy and prolonged, and both the infant
and the feeder became impatient with the situation. The mothers of these infants
told the SLT that they experienced feeding challenging, time consuming, and they
considered the infants to have a feeding problem. These problems were called
behavioural feeding problems. The video-recordings revealed behavioural feeding
problems in nine preterm and two full-term infants.
When the preterm infants still presented suckling when semisolids were
introduced, it designated they had no other pattern available to handle the food
than a reflexive sucking pattern. Although six preterm infants already presented
volitional sucking during the onset of spoon-feeding, they also sucked the
semisolid food. On the other hand, those preterm infants who were able to munch
from the start of the spoon-feeding already presented volitional sucking at the
onset. All the preterm infants with a dysfunctional suckle, had problems with
spoon-feeding, even if one of them already presented volitional sucking when
semisolids were introduced. Some mothers fed their infants in almost a lying
position in order to keep the food in the mouth. Eight of the preterm infants with
these feeding problems were also sensitive in terms of texture, temperature and
taste of the food, and they felt frustrated in the feeding situation. For five of the
preterm infants, the feeding speed had to be very fast or the feeding time to be
prompt; otherwise they got upset and the feeding became even more difficult or
impossible. All of the preterm infants with behavioural feeding problems visited a
SLT 1–9 times during the follow-up. Behavioural feeding problems appeared in
only two full-term infants, those with the disorganized sucking pattern.
5.4 The relation of feeding skills to gross motor skills
Feeding skills frequently appeared during an earlier gross motor movement
pattern than expected, especially in the ELBW preterm infants (Table 10).
Volitional sucking did so in one preterm infant and the emerging chewing skills
(LJM, LTM and DM) in two infants. Chewing, especially DRM (n=12/19) but
also CRM (n=5/19) appeared earlier than expected. The development of feeding
skills in relation to gross motor movement patterns is also seen in Figure 4.
In the rest of the preterm infants, volitional sucking (n=18/19), emerging
chewing (n=17/19) and chewing appeared during the gross motor movement
patterns as expected. Munching appeared in 15/19 preterm infants during the
midline behaviour, and later than that in four infants. Chewing skills never
appeared later than during the rotation behaviour.
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In the full-term infants, volitional sucking appeared in one infant and DRM in
three infants earlier than expected (Table 10). Munching appeared later than
expected in nine of the full-term infants and only in two infants during midline
behaviour. Also the emerging chewing skills sometimes (n=2/11) appeared later
than assumed, during the rotation behaviour, however, most often (n=9/11) as
expected. DRM most often (n=8/11) and CRM always appeared during the
rotation behaviour in the full-term infants, whether in lower or higher positions.
The chewing skills never appeared later than during the rotation behaviour, as was
the case also in the preterm infants.
Table 10. Appearing of feeding skills in relation to gross motor movement patterns in
ELBW preterm and full-term infants.
Reached concomitantly
ELBW

FT

Volitional sucking

18

10

Munching

15

2

Reached later
ELBW

FT

4

9

Reached earlier
ELBW

FT

1

1

Midline behaviour

Extension-flexion and weight shifting behaviour
LJM

17

9

2

2

LTM

17

9

2

2

DM

17

9

2

2

Rotation in lower or higher positions
DRM

7

8

12

CRM

14

11

5

The number of preterm infants is 19, and the number of full-term infants is 11.
ELBW = Extremely low birth weight, FT = Full-term
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3

Fig. 4. The medians of the ages when the ELBW and the full-term infants reached
different feeding skills. The infants were followed up to chewing.
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6

Discussion

6.1

Summary and discussion of the results

Preverbal development (I & II)
The ELBW preterm infants reached the preverbal vocalisation skills
approximately at the same age as the full-term infants, but they failed to
demonstrate more individual skills than the full-term infants up to variegated
babbling. The preverbal development in the preterm infants slowed down at the
canonical stage, and they reached their first word approximately two months later
than the full-term infants. In addition, the preterm infants increased their
vocalisation in a slower pace than the full-term infants.
The results concerning the developmental schedule of preverbal vocalisation
are parallel in the earlier studies (Nathani et al., 2006; Oller, 2000). There are only
few studies on early vocalisation before the canonical babbling stage, and the
studies on early vocalisation have mainly focused on the amount of vocalisation
acts (Beckwith et al., 1977; van Beek et al., 1994). The results related to the
development after the onset of canonical babbling are somewhat contradictory
with each other (Eilers et al., 1993; Stevenson, Roach, Leavitt, Miller, &
Chapman, 1988). Stevenson et al. (1988) found preterm and full-term infants to
develop similarly in terms of preverbal vocalisation. Eilers et al. (1993) reported
preterm infants to start presenting rhythmical syllable chains even earlier than the
full-term infants, which was not observed in the present study. The finding of the
present study that preterm infants present mature vocal patterns less consistently
than full-term infants during the first year of life is parallel with that of Oller et al.
(1994).
The preterm infants failed to demonstrate several such vocalisations that the
full-term infants did. This is a result that has not been reported earlier. Failing to
produce different vocalisations could, on one hand, be due to the reduced vocal
motor variability of the preterm infants (Hadders-Algra, 2008). On the other hand,
it could be due to infants’ characteristic to reach more advanced skills first and
less advanced only later (Vereijken, 2010). However, the skills that the infants
failed to produce at a specific stage did not appear during the follow-up at all. The
variation between and within the groups was extensive. The preterm infants had
failed to demonstrate skills already during the early vocalisation stages while the
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full-term infants started failing to produce skills following the onset of canonical
babbling. The infants who failed to produce several vocalisation types, whether
preterm or full-term infant, were those with repeated airway and middle ear
infections. This seemed especially so in the full-term infants. The infections might
also explain why some infants failed to produce skills at a specific stage but not at
the other stages.
Characteristic skills of the primitive articulation stage that the preterm infants
especially failed to produce were vocalisations the durations of which are long
and that demand controlled breathing. Most preterm infants had suffered from
RDS and/or BPD, conditions compromising breathing. However, breathing and
its influence on vocalisation was not studied in the present study. Half of the
preterm infants failed to produce diphthong-like phonation, whereas all full-term
infants demonstrated both the diphthong- and vowel-like phonations. The
anatomical circumstances in the oral cavity also have an effect on vowel
production (Oller, 1980). The differences between the preterm and full-term
infants in tongue height and advancement during vowel production (Goldfield,
2000) might partly cause the preterm infants’ failure to produce diphthong-like
phonation. This difference makes the vowels inexact. The diphthong-like
phonation [Qu], which was frequently heard, has no correspondent among the
Finnish diphthongs, while the rest of the diphthongs the infants demonstrated do.
The interpretation of the appearance of this particular diphthong-like phonation
might also result from the inexactness of the pronunciation of the preterm infants,
on one hand, and the perceptual analysis used in the present study, on the other
hand. Perceptual analysis is not as exact as technical assessment methods.
Exploring the extremities of articulation organs at the expansion stage are
vocalisations that require variations of vocal motor behaviour, which has been
found to be a problem for the preterm infants (Fallang & Hadders-Algra, 2005;
Hadders-Algra, 2008; Heineman et al., 2010). Most of the preterm infants failed
to explore the extremities of articulation organs, while only one third of the fullterm infants did so. Exploring the extremities of phonation, on the other hand,
was commonly reached by both the preterm and the full-term infants. In practice
this might mean that the infants demonstrate qualities such as loudness, pitch and
intonation, which are important characteristics of speech (Oller, 1980). They also
frequently demonstrated interruption of phonation, the basis of a consonant, and
marginal babbling, the basis of a syllable.
The typical Finnish syllables, V, CV, VC and CVC, were produced both by
the preterm and the full-term infants. The effect of the ambient language on
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syllable production was observed in the present study as it was in a study by de
Boysson-Bardies (1999). The VCV syllable type appeared in both groups,
although it does not exist in the Finnish language at all. In Finnish it would be
interpreted as a syllable combination V.CV, which is frequently heard in
variegated babbling. In the present study, canonical and variegated babbling
overlapped, which has also been found previously (Mitchell & Kent, 1990; Smith,
Brown-Sweeney, & Stoel-Gammon, 1989). The preterm and full-term infants
diversified their vocalisation simultaneously at several stages of preverbal
vocalisation. The same phenomenon has been reported in earlier studies, too
(Nathani et al., 2006; Stark et al., 1993).
The preterm infants vocalised more than the full-term infants during the
phonation stage. After that they increased their vocalisation slower than the fullterm infants, between the ages of three and eight months, which was also reported
in a study by Beckwith et al. (1977). One explanation to the difference between
the groups might be due to the lower alertness of the preterm infants compared to
the full-term infants (van de Weijer-Bergsma, Wijnros, & Jongmans, 2008). In
addition, the fact that the preterm infants did not present all phonation stage
vocalisation types from the beginning of the study might be a result of the same
phenomenon. Preterm infants frequently present more passive attention behaviour
than the full-term infants (van de Weijer-Bergsma et al., 2008). Moreover, it was
typical for the preterm infants in the present study to move the body and the
extremities simultaneously with vocalisation. Those might be phenomena related
to the immaturity and the consequential difficulty of differentiating actions from
each other in motor behaviour. This has been observed also in feeding and
reported also by other researchers (Gewolb, Vice, Schweitzer-Kenney, Taciak, &
Bosma, 2001; Lüchinger, Hadders-Algra, Van Kan, & de Vries, 2008; Tsu-Hsin,
Ching-Fan, Yu-Wei, & Ching-Lin, 2002). Later, along with the maturation, the
preterm infants were able to produce vocalisations without simultaneous body
movements. That is what the full-term infants most often did since the beginning
of the follow-up. In accordance to these findings, minimal vocalisation during the
video-recorded sessions occurred at random in the preterm and the full-term
infants. However, the silent sessions were sometimes connected to an infection in
both groups.
It seems that the preterm infants had difficulties in transitioning to new
developmental stages. They were slower in increasing their vocalisation, for
example in the beginning of the primitive articulation and the babbling phase.
According to the neurological maturation pursuant to NGST, the preterm infants
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have reduced variability. This means reduction in movement complexity and
variations in their motor functioning when entering the secondary variation
(Hadders-Algra, 2008; Piek, 2002; Verejken, 2010). The same might be true also
in vocalisation and cause the slow transition.
There are differences in the study designs, gestational ages and birth weights
of the preterm infants between the studies, which may have an effect on differing
results between the studies. The present-day preterm infants cannot be compared
with those of a couple of decades ago. The survival of ELBW infants at that time
was minor, and therefore the studied infants were older and bigger (Eilers et al.,
1993; Oller et al., 1994; Rvachew et al., 2005; Stevenson et al,. 1988). However,
their health status might have been poorer because the intensive care was different
from that of today. Still, ELBW is a risk for development even now (Lal et al.,
2003; Stoll et al., 2010). The data collection in the studies of Eilers et al. (1993)
and Oller et al. (1994) was longitudinal, as in the present study, based on tape
recordings while that of Eilers also included parental reports. Eilers et al. (1993)
visited the families as soon as the parents informed them of the onset of canonical
babbling, whereas we paid regular visits on a monthly basis. Hence, there might
be a delay up to one month in catching preverbal milestones in the present study.
Rvachew et al. (2005) and Stevenson et al. (1988) made a cross-sectional study
which gives exact information of development at a certain point in time.
Differences in the assessment methods may also cause differences in the results.
Eilers et al. (1993) and Oller et al. (1994) used the same assessment method as
what was used in the present study.
According to Oller (2000), non speech-like vocalisations are, in general, not
considered being precursors of speech. Creaking, groaning and fussing were
added to the phonation stage in the expanded categorisation of the present study.
They are normal phonations with a strong narrowing in the airway. They are,
however, neither vegetative sounds nor fixed signals (Oller, 2000), and they
appeared both in the preterm and the full-term infants. Therefore they could be
compared with normal phonation, and thus be considered as precursors to later
appearing speech. Canonical babbling has commonly been regarded as an obvious
precursor to language development (Oller, 1980, 2000: Oller, Eilers, Neal, &
Schwartz, 1999). In order for the language development to proceed beneficially,
canonical babbling ought to appear before the age of 10 months. This was the
case in the present study concerning both the preterm and the full-term infants.
Any later appearance has been considered to be a sign of a delay in language
development (Oller, Eilers, Neal, & Cobo-Lewis, 1998; Oller et al., 1999).
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Along with the growing age, the difference in the development of preverbal
skills between the preterm and the full-term infants grew to the hindrance of the
preterm infants. The cognitive development or possibly the poorer auditory
reception might explain the delay in the preterm infants (Lewis et al., 2002). In
addition, the delay might be a sign of later speech and language problems
appearing frequently in preterm infants even up to the pre-school or school age
(Foster-Cohen et al., 2007; Fox, Dodd, & Howard, 2002; Yliherva, Olsén,
Suvanto, & Järvelin, 2000). In addition, immaturity might be a factor affecting the
speed of reaching the first word phase. It seems as if the preterm infants would
need to practice longer on the syllables before reaching the first word. HaddersAlgra (2010) has observed the same phenomenon in motor development. The
development of preverbal vocalisation in the present study, followed, however, an
orderly developmental sequence in both the preterm and full-term infants reported
earlier (Koopmans-van Beinum & van der Stelt, 1979, 1986; Oller et al., 1976;
Stark et al., 1993).
Firstborn children many times score higher in communicative skills than later
born children (Berglund, Eriksson, & Westerlund, 2005). In the present study, the
preterm infants were most often firstborn, while the full-term infants were born
later. However, no difference to the benefit of the preterm infants was observed.
This might be due to ELBW and related problems during the neonatal period
causing a risk for speech and langue development.
Relation between preverbal vocalisation and gross motor skills (IV)
The temporal asynchrony of the vocalisation and gross motor behaviour during
the reflexive movements and phonation stage skills was not as obvious as after
those vocalisation stages in either group. This might arise from the immature
character of both vocalisation and gross motor behaviour at this stage. Those
skills demonstrate movement behaviour that is, so far, not controlled or targetoriented (Hadders-Algra, 2008; Sporns-Edelman, 1993). Since reaching midline,
the infants of both groups started to take turns in vocalisation. This movement
pattern enables the infant to make eye-contact and to vocalise interactively, which
seems to stimulate vocalisation (Sheridan, 2008). The control of the mid body
increases during the extension-flexion and weight shifting behaviour (Quinton,
Nelson, & Köng, 2002). That is what vocalisations, such as play with intonation,
pitch, loudness, stress, whispering, raspberries, interruption of phonation and
other expansion stage vocalisations seem to demand. Both expansion stage
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vocalisations and extension-flexion and weight shifting behaviour appear
approximately at the age of five months (Oller, 2000; Quinton et al., 2002). This
was the case in both groups in the present study.
The preterm infants presented more mature vocalisation simultaneously with
less mature gross motor movement patterns than the full-term infants. They
reached for example variegated babbling one month earlier but rotation behaviour
in higher positions slower than the full-term infants. This might be explained by
the idea that the different aspects of development progress separately. For the
preterm infants it also took a longer time to reach both the first word stage and
early stepping than it did for the full-term infants. Hadders-Algra (2010)
emphasises that preterm infants need more time to practice new motor skills
because of their difficulties in selecting task-specific behaviour in spite of normal
motor development. The results of the present study both support her idea and
suggest that the same phenomenon might be true in preverbal development
(Hadders-Algra, 2008). In addition, it could be discussed whether the early
vocalisation in general can fully be compared with the preverbal development
from the onset of syllable production. This has, however, not been studied widely.
The transition from one vocalisation stage or one gross motor movement
pattern to another is never sudden but gradual. When the infants in the present
study reached vocalisation skills earlier than expected, it often happened during a
transition period. In addition, an infant is capable momentarily to experiment on
more advanced skills than those typical for her (Verejken, 2010). It is, however,
not possible to use them volitionally before more maturation is gained. That is,
however, hardly the case with regard to the frequent canonical and variegated
babbling skills appearing earlier than expected. Their appearance was regular and
common. Furthermore, the preterm infants in the present study failed to
demonstrate several gross motor skills, which also van Haastert et al. (2006) have
observed.
Feeding development (III)
The sucking pattern of the ELBW preterm infants was either disorganised or
dysfunctional but it did not predict the later feeding outcome. The preterm infants
reached the spoon-feeding skills approximately on the same schedule as the fullterm infants, however, half of the preterm infants suffered from feeding problems.
The purely oral motor evaluation of a preterm infant is insufficient. The thorough
analysis and description of feeding revealed behavioural problems that would
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otherwise not have been found. In spite of behavioural feeding problems, the
preterm infants demonstrated the various oral motor patterns at approximately the
same ages as the full-term infants. The quality of the motor pattern was normal,
which means that the observed problems might be sensory by nature (Palmer &
Heyman, 1993). A global tactile processing problem or maybe a problem that is
confined merely to the mouth and face involving touch, taste, smell, temperature
and texture of the food, may be the reason behind this type of feeding problems
(Dodrill et al., 2004; Wolf & Glass, 1992). This might explain why preterm
infants have difficulties in transitioning to new qualities of food, new utensils or
even new placement of the food (Hawdon et al., 2000; Pridham et al., 2007;
Palmer & Heyman, 1993; Thoyre, 2007). The sensory experience derived during
the primary variability has an impact on the actions the infant selects during the
secondary variability. Because the selections are based on the infant’s earlier
experiences, they are not necessarily the most appropriate ones for example when
considering the transition period to new functions (Hadders-Algra, 2000).
At the onset of spoon-feeding, infants are used only to sucking milk. That is
why the first trials of handling purées are by sucking. The introduction of purées
to the preterm infants in the present study was earlier than in the case of the fullterm infants because of their slow weight gain. So the suck reflex, which usually
disappears by the age of 4–6 months (Morris & Klein, 1987; Wolf & Glass, 1992),
was still present. In typical development feeding is already volitional during the
transition to spoon-feeding. Thus the only possibility for the preterm infants in
handling purées was sucking. Sucking purées did not make the transition easy and
was probably one of the reasons to the behavioural feeding problems.
Consequently, parents refrain from offering their infants textures that cause
problems (Pridham et al, 2007), which was also true in some cases in the present
study. This may lead to food refusal later on and lack of experience prolonging
the learning process (Cerro et al., 2002; Samara et al., 2010).
The duration of sucking purées depended on the age of the preterm infants at
the onset of spoon-feeding. It was shorter if they already presented volitional
sucking, when purées were introduced. Infants demonstrating an immature suckle
pattern still represent primary variability. They are not at such a developmental
stage, when selections can be made, on the contrary, they still collect afferent
feed-back for later use (Hadders-Algra, 2008; Sporns & Edelman, 1993). Besides,
they are getting deviating sensory information because of the disorganisation or
dysfunction of the pattern. Therefore it seems that the infants should present at
least volitional sucking before the introduction of a new consistency of food.
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Half of the preterm infants suffered from behavioural feeding problems.
However, the sucking pattern did not predict the later feeding outcome, which has
also been observed earlier (Bingham, Ashikaga, & Abbasi, 2012). According to
the present study, it seems a bigger problem that the introduction of specific
textures, at least purée, is too early. Critical periods are said to exist for new oral
motor skills to be learned (Illingworth & Lister, 1964). This assumption has,
however, been criticized for not having been tested (Mason, Harris, & Blissett,
2005). According to the idea of critical periods, children ought to get solid food
before the age of six or seven months in order not to experience a delay in the
development of chewing. There were full-term infants in the present sample, who
had been totally breast-fed up to the age of six or seven months but who
demonstrated age-appropriate oral motor skills when solids were introduced.
According to the assessment of the present study, the food itself facilitated the
task-specific oral motor patterns, as it is said to do (Morris & Klein, 1987;
Stevenson & Allaire, 1996).
It has been stated that children with the most severe feeding problems are
those who have undergone prolonged breathing assistance and suffered from
delayed enteral and oral feedings (Blaymore Bier, Ferguson, Cho, Oh, & Vohr,
1993; Hawdon et al., 2000). This might be the case, however, it was not studied in
the present study.
There is a lack of knowledge regarding the feeding development of preterm
infants through the first year of life (Pridham et al., 2007). There are no agereferences of skills. Neither is there any universally agreed classification of
feeding problems in general, and we have little evidence about resolving or longlasting feeding problems (Thoyre, 2007). It is unclear what can be considered as a
normal maturation process and what a problem. However, most feeding problems
have both medical and behavioural backgrounds; the behavioural ones, such as
aversion or selectivity, often being a consequence of the medical ones (Piazza,
2008).
Preterm birth and all its consequences threaten the interaction between the
infant and the mother (Korja, 2009). Moreover, it is commonly known that a
feeding problem per se poses a risk for the interaction (Coolbear & Benoit, 1999;
Lewinsohn et al., 2005). Unfortunately, most preterm infants are bottle-fed
(Nykvist, 2008), as they were in the present study. It has been observed that
breast-feeding mothers touch and thus give tactile stimulation and look at their
infants more during and right after feeding compared with bottle-feeding mothers
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(Korja, 2009). This would be especially important for an infant with a preterm
birth.
Relation between feeding and gross motor skills
The feeding skills both in the ELBW preterm and in the full-term infants
developed independently from the gross motor skills and not in relation to each
other as assumed. It was possible for the infants of both groups to reach volitional
sucking while the reflexive gross motor movement pattern was still dominating.
Those infants who reached volitional sucking during the domination of the
reflexive movement pattern were slow in their gross motor development and
reached midline behaviour later than the rest of the infants. Both among the
preterm as well as the full-term infants, there were individuals who sometimes
reached skills earlier, sometimes later and sometimes simultaneously as was
expected in advance. This finding supports the idea of the development of the
various functions maturing at different, function-specific ages (Forssberg, 1999;
Hadders-Algra, 2008; Heineman et al., 2010).
6.2

Reliability of the study

The strength of the present study is based on the intensive data collection, which
made it possible exactly to follow the continuum of the development of the
infants. The families committed themselves to the study and there were no dropouts in the study group and none of the assessment sessions during the follow-up
were cancelled. Because the video-recordings always took place in the same
environment and in the presence of the mother, it provided the infants with
opportunities for as natural behaviour as possible. During the follow-up the
infants learned to recognise the researchers and thus the sessions were agreeable.
Video-recording seemed to be both a functional and a reliable method of
collecting data on the various sub-areas of development. It is easy to check issues
and the visual and auditory information complete each other. Transana was an
suitable tool to handle the large amount (approximately 150 hours) of video data
collected. It made it possible to arrange the videos systematically and thus keep
them available for the various assessments of the present study.
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Study group
One problem concerning the present study might be that the study groups were
small and of different sizes. Originally the aim was to collect also a group of
preterm infants with neurological impairment. However, only one infant with
neurological impairment (mild diplegia) among 20 preterm infants was found
during the data collection between October 2003 and April 2005. The aim was to
collect as large a group of preterm infants as possible, however, a control group
was also needed. The geographical distances between the preterm infants were
long and the intensive data collection was time consuming; these are issues that
also restricted the size of the group. When the video-recordings of several infants
during the same time interval took place every second week, it was not possible to
include more infants in the study groups. Altogether the data collection took 3.5
years from August 2003 to December 2006.
The majority of infants in the ELBW group were boys while there were more
girls in the control group. In general, boys more often have problems in speech
and language development than girls (Berglund, Eriksson, & Westerlund, 2005;
Heilmann, Ellis Weismer, Evans, & Hollar, 2005; Law, Boyle, Harris, Harkness,
& Nye, 2000a). However, there are also controversial results (Bornstein, Hahn, &
Haynes, 2004; Dale, Price, Bishop, & Plomin, 2003; Jennische & Sedin, 2003)
and also comments that the gender differences are not as obvious during the
prelinguistic period as later during the development (Määttä, Laakso, Tolvanen,
Ahonen, & Aro, 2012). Gender might have had some impact on the results in the
present study. However, because all the infants of the study group were ELBW
preterm infants they had various health issues that might have had an effect on the
results. The sample of preterm infants was small, which is why it has not been
meaningful to take the health factors in account when analysing the results.
Because the samples are small and the sample sizes were not calculated, it
was not reasonable to perform statistical analysis of the data, which influences the
generalisation of the results. However, in the studies where vocalisation or
feeding skills were related to gross motor behaviour, the sample size is not
relevant.
Preverbal vocalisation
Oller’s (2000) categorisation was used in the present study because it suits this
kind of data: it has a theoretically justifiable foundation and it is widely used in
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the assessment of preverbal vocalisation. In the present study, the categorisation
was expanded in order to describe the preverbal development of preterm and fullterm infants in detail. The full-term infants were classified first, and all such
vocalisations that were heard but were not included in the original categorisation
were added. Some vocalisations were renamed, some were reorganised and one
vocalisation was moved from one stage to another. After that the preterm infants
were assessed using the expanded method. The method seemed comprehensive.
The data collection was frequent enough and made it possible to catch all
stages of preverbal vocalisation and long enough to catch the first word in every
infant. It also started early enough not to miss any skills. The interrater agreement
between the author and the SLT in classifying the vocalisation of the preterm and
full-term infants was high, 97–100 % in classifying the infants at certain stages of
vocalisation, and 90–97 % in identifying individual vocalisation skills. This
makes the results concerning vocalisation reliable. Originally the aim was to keep
the SLT blinded concerning prematurity of the infants but it did not work in each
case, because the ELBW infants are easy to identify and especially at early age at
the NICU.
The possible problems in the study on preverbal vocalisation might be due to
the interval between the sessions, one month after the age of three months.
Although every vocalisation stage was caught, there might be a delay in the
appearance of the individual skills. It might be so especially in cases when the
infants reached skills shortly after the recording, as the mothers sometimes
reported.
Motor behaviour
The AIMS-test proved to be applicable in assessing the gross motor development.
The method has been studied and it has proved to be “useful in characterizing
current developmental status and in monitoring change in performance over time”
(Majnemer & Snider, 2005). There was no inconsistency between the results of
the motor assessments made using AIMS and the traditional neurological checkup made by a child neurologist. When the motor behaviour was studied from the
gross motor movement patterns’ point of view, it was easy to classify the motor
milestones of AIMS according to the main movement patterns.
The Modified Ashworth Scale of Muscle Spasticity is a subjective assessment
method of the muscle tone, which can reliably be used only by experienced
professionals. In the present study both the two child neurologists and the
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physiotherapist, who made the assessments, are experienced and there were no
differences in their evaluations of the muscle tone.
Feeding development
The present study on feeding development is one of the most intensive follow-ups
concerning the feeding development of preterm infants through sucking and
spoon-feeding up to chewing. NOMAS is largely used to assess early feeding (da
Costa et al., 2010a,b). However, it reveals only disorganisation and dysfunction in
the sucking pattern. It might also be useful to evaluate characteristics such as
stress factors of and recovery from feeding especially at early age. There are a
couple of studies concerning the method, one of which showed that its categories
are useful and the psychometric properties acceptable (Howe, Sheu, Hsieh, &
Hsieh, 2007), while another one that it should be readjusted (da Costa & van der
Schans, 2008). Marjorie Meyer Palmer, the generator of NOMAS, made the
double checking of the NOMAS assessments. The interrater agreement between
her and the author was 100% in classifying the sucking patterns in the different
categories, and 98% in clinical features.
The oral motor checklist used in the assessment of spoon-feeding is collected
from two different sources, namely the POSP (Brindley et al., 2001) and Morris
and Klein (1987). It gives information about the oral motor skills, the basic
movement patterns of the jaw and the tongue. In the present study no motor
feeding problems were found in either group following suckle feeding, but the
description of the feeding situation revealed behavioural feeding problems. A
systematic assessment method to uncover sensory feeding problems is therefore
needed both in the assessment of sucking and spoon-feeding. Without the
description of the feeding situation the results based on purely motor performance
concerning particularly the preterm infants would have been too positive and
showing no problems. A qualified specialised speech language therapist made the
double checking of spoon feeding, and the interrater agreement between her and
the author was 97%.
6.3

Clinical implications

The assessment method of preverbal vocalisation used in the present study
provides new information and a deeper insight with clinical importance into the
development of preterm infants with ELBW. Especially, the detailed description
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of preverbal vocalisation provides an opportunity to investigate the early
vocalisation of an infant. Video-recording makes it easier to handle the data and
to define the versatility of the vocalisation of an infant, whether preterm or fullterm, in clinical work, too. Thus, the expanded categorisation of Oller (2000) is a
useful tool in clinical settings.
The motor feeding assessment is needed in evaluating the feeding skills of
preterm infants. However, a detailed description of the feeding situation and the
reactions of the infant must be made in clinical settings in order to get a
substantial view of the abilities of the infant during the entire feeding
development. Specifically, the behavioural feeding problems seem to direct the
feeding behaviour of a preterm infant.
Unlike the traditional idea that fine motor development is dependent upon
gross motor development (Woods, 1995), neither the preverbal, nor the feeding
development was related to gross motor development in the present study. That is
why, in clinical work, it seems that the gross motor development is not
necessarily essential when intervention of preverbal development or feeding
problems is planned.
Future research
One of the main results of the present study was that preterm infants with ELBW
fail to present vocalisation skills, however, there is no evidence in the literature
about the importance of the phenomenon. A task for future research is to find out
about the significance of this matter. Due to preterm birth, the infants are nursed
in an isolated crib listening to completely different sounds than in the womb.
Thus they loose the influence of their native language that they would have been
exposed to during the pregnancy up to term age (Herold et al., 2008). It would be
important to find out whether the infants would benefit from listening to their
parents’ voices in the crib. Would their preverbal vocalisation be more diversified
after such a treatment? As Caskey et al. (2011) found, preterm infants increased
their vocalisation when they had listened to their parents’ voices in the crib as
early as 32 weeks of gestational age onwards. It would be valuable to know
whether there would also be a qualitative effect of this on preverbal vocalisation.
The assessment methods of feeding are mostly concentrated on oral motor
skills. It would be important to develop methods assessing sensory and
behavioural reactions in connection to feeding and to define their severity. That is
how it would be possible to get a deeper insight in what can be considered as
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normal in feeding development and feeding situation and what is deviating and
how severely. Such methods are needed (Pridham et al., 2007; Thoyre, 2007).
Besides, it should be a method that is suitable for defining the particular problem
or problems. This would help in planning intervention.
6.4

Conclusions

The preverbal development of preterm infants is unbalanced compared to that of
full-term infants despite the approximately same schedule in reaching the stages
of preverbal vocalisation. In addition, the difference between preterm and fullterm infants grows when approaching linguistic elements and words. Preterm
infants have difficulties in transitioning to new vocalisation stages. In general, the
difference between the groups seems qualitative rather than quantitative by nature.
The feeding development of preterm and full-term infants proceeds
approximately according to the same temporal timetable but the transitions to new
feeding skills are slow for preterm infants especially in spoon-feeding. The
quality of feeding is a problem for preterm infants and causes need for
intervention in half of the preterm infants.
The preverbal and feeding development are matters of maturation; they are
not a collection of fine motor milestones, the appearances of which are dependent
upon the appearance of gross motor skills. The most important factor of the
development of preverbal vocalisation, feeding and gross motor skills is not the
age or the interplay between the different sub-areas of development but the
neurological maturation and the ability of the infants to select function-specific
skills. Quality seems to be a matter of maturation as far as vocalisation and
feeding are concerned, and maturation is the difficulty of the preterm infants.
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