Lecture — 08
Segmenting the

Speech stream

Hello and welcome to the course, Introduction to the psychology of language. I am Dr. Khurana, from IIT,
Kanpur and we are, in the second week of the course.
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Week 2: Language Development in Infants & Young
Children

This week, we are talking about, development of language in young infants and children.
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This is the third lecture, of this, of this week. And in this lecture, we are going to, be talking about, one of
the first tasks, that the child has to do, in order to, start learning language. In the last lecture, we talked
about, the basic skills that the children would need, in order to start picking up, things from language. We
talked about, perception and categorization of phonemes. Now, we saw, that perception and categorization
of phonemes, is something that is, one of the most basic building blocks, of children starting to,
understand or interact with language. We saw, that categorization of phonemes, is one of the basic
abilities that, the children needed, in order to slowly develop an inventory of the sounds, that their mother
language has and eventually, they will now be able to kind of, isolate these sounds, from the continuous.
Once they're able to do so, that is, when they can move on to words and attaching, meanings to those
words and then finally, creating longer sentences. We talked about, perception categorization of an image.
This lecture, we will talk about, how these phonemes are, isolated or how these words are, isolated from
the continuous, fluent, speech stream. Today, we are going to talk about, the segmentation problem.
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The Segmentation Problem

* Infants, need to segment the fluent speech they hear, in order to
separate the speech streams mto words

= For some data, it is known that only about 10% of the overall words
ar¢ heard n i1solanon by mfants, of which 1t 1s sull a lowly 28%
spoken by mothers

* Rescarchers have hypothesized that infants do learn some words by
hearing them in i1solation: a number of which will be among the first
50 words that the infants would leam.

Now infants, do need to segment the few in speech that they hear, in order to separate the speech stream
into words. They would need, to kind of know ,where a particular word is beginning ,where this particular
word is ending and where is an beginning of the new word, where's the ending of this new word and so
on. And so forth, again as I said in the last lecture, if you kind of think of this, as a trivial problem, try
doing that, while you listening or while you're watching a movie, in a language that you do not know. Say
for example, Chinese or your some of our Indian languages, Malayalam and Telugu, Tamil, anything.
some of these languages, you'll still find, are easier to do so, because you can kind of rely on the pauses,
you can kind of rely on the speaker’s, actions, you can rely on say, for example, you know, the ups and
down sin the tempos, in the tempo of the speech, so on and so forth. However, in today’s lecture, we will
see, whether and which of these, strategies are actually useful or say for example ,are actually employed
by these young children ,in order to segment this, continuous, flow of speech, into meaningful small
snippets, that are words .Okay? So, this will give you, a hang of this, for some data, it is known that only
about 10% of the overall words, that the child hears are heard in isolation by them. Out of which on,
about 28% of these words are spoken by the mothers. And the rest is by you know, different random
speakers. So, it's not that, we are speaking to children, in isolated words and making life, easy for them.
we talk to children, most oftenlyin, a very continuous normal speech way, obviously we talk to children in
the, infant directed speech or the child directed speech manner, a lot, but still there those are continuous
sentences, we do not talk to them, let us say, in telegraphic speech or we do not use a lot of isolated words
so to speak .Okay? Researchers have hypothesized that infant. Or do learn some words by hearing them,
in isolation. So yes, some of the words which we tell them ,in isolation, suppose we say, mama and we
show mama or we saw show Papa or we show some food items, we show cats and dogs and some other
toys, yes, some of these basic words, some of the first 50 words that the child would learn. Will have been
learned by the child, in isolation. But, that does not explain, how quickly ,children can kind of master, the
range of the words, the range of vocabulary that they do, eventually. Suppose they are not really listening,



all of the words that they learn, in isolation. Some of these words, they’re obviously picking up, isolating
from this continuous and fluent speech stream .Okay?
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= However, infants also seem to be able to learn words that they have
not heard in i1solation, and sometimes embedding a word in a fluent
string of connected speech has been found to help infants to learmn the
word (Fernald & Hurtado, 2006).

= This could only be possible, if the infants would have an ability to
identify mdividual words from streams ol fluent speech

= This could be a difficult task, given, that for the most part, the pauses
between words are not true indicators of word boundanes, and the
speech signal per se does not provide a lot of direct cues for
distinguishing words for each other

And this is what, the child has to achieve. Infants are it has been documented, there all this, also seemed
to be able to learn words, which they have not heard in isolation. And sometimes, it has been reported
,that embedding a word in a fluent string of connected speech, seems more reasonable, seems more useful
to them, as compared to speaking words, in an isolated sense. So this is also, one of the things. Now, this
could only be possible, if the influence would have an ability, to identify individual words, from the
streams of fluent speech, suppose you're kind of talking to the child. And you see mothers especially,
what they do, is they're, in some cases, continuously talking to the child about something ,you know,
they're narrating stories ,they are talking to the child about, what is let's say happening in the day, that you
need to eat food, into that you become strong, so on and so forth. And they do it, in a very particular
manner, in continuous speech, sometimes yes exaggerated in the Manor ideas or CDS exaggerated, but
sometimes, also with, you see, now the child is paying a lot of attention to this, the child is kind of
attending to this, in a very discreet ,in a very detailed, fashion, so as to pick up, where each word is
ending and a new word is beginning and it does this iteratively, for whatever length of time, the child is
being spoken to .Okay? So, this is what, that is one of the first challenges, that the child needs to figure
out .Okay? so, this is obviously as I said, could be a difficult task, given that for the most part the pauses,
so the kind of is, very interesting ,then the pauses, that speakers take, mother's or Father’s or siblings or
other agents in the environment, the pauses that we take, are not always very informative ,for the child to
understand that, this is where, a word boundary lies .Okay? so, sometimes these, pauses are also not clear
indicators ,of word boundaries, also some of the ups and downs, of the tempo of the speech also, can not
be a very, reliable indicator of word boundary .so children, are kind of struggling, with this obviously,
initially and then they , gradually pick up, some of these strategies and they gradually pickup, the way




that is needed to master these, boundaries. The master the ability of distinguishing words, from each
other. In continuous speech, stream.
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* So. even before the child can start learming some first words, he/she
has to identify bunches of sounds that can combine together to make
up words, and mentally segregating the speech stream mto discrete
words — this 1s referred to as the segmentation problem.

So, even before the child, can start learning some of the first words, he/ she, he or she has first to identify,
bunches of sounds that combine together, to make up words and also need to, mentally segregate the
speech, stream into discrete words. This is known, as a segmentation problem. And this is, one of the first
steps of acquisition of ,language that we need to talk about.
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= Research suggests that infants do not posses this ability until they are
between 6 .5 months old.

= Using the conditional head turn procedure, babies were tested to
respond to a familiar vs. a novel word, embeddd in short sentences. It
was found that while 6 month old infants, did not listen longer for
sentences containing the familiar word, the 7.5 month old infants were
able to recogmize the famihiar word embedded n the sentences that
contained the familiar word.

= This suggest that the ability for segmentation 1s something that the
child develops through experience, while hstening to the native
language.

Now, research suggests, that infants do not possess this ability, until they are about, six to seven point five
months old. Using the conditional head turn procedure. Now, let me pause here and tell you, what the
conditional head turn procedure is? the conditional head turn procedure is one, in which the baby is there
and there are two sort of beakers, on both sides and so both of the speakers, are kind of creating some
sound, whatever the speaker produces a change, in the sound and the child kind of a Becomes are talking
of slightly older children, I think it's by around three, three and a half months of age, that the child, you
know learns to control the neck muscles and can move, the head to either side, so depending on where the
in novel stimulus is there and where the stimulus changes occurred ,the child will kind of move, their



head slightly and start attending to that particular speaker, this is referred to as the conditional ,head turn
procedure. Now, again this is, just a rough description of the paradigm. now ,using this conditional head
turn procedure, babies were tested to respond, to familiar versus, normal words, which were embedded in
short sentences .so they were habituated ,with a particular word and then that word, was embedded in
some short sentences and the idea was, that if the child recognizes this ,habituated word or familiar word,
the child will probably, prefer, listening to this. as opposed to, if the child, does not recognize a particular
word, embedded in a short sentence, coming out from a different speaker, which I will not orient his
attention or move the, head towards that particular speaker. So, the six month old infants were tested ,they
did not listen longer, for the sentences that contains the familiar word ,telling us, that the child has not at
this age, being able to isolate, the familiar word, from the continuous speech stream, on the other hand,
the 7.5 month old infants, were able to recognize the familiar word ,embedded in the short sentences and
they kind of oriented their head, oriented their attention towards, that particular speaker, that Hadley
sounds. Telling us, that the ability for segmentation is, something that is, developing gradually. It’s
probably something that, is building up on the categorical perception, some of the other skills, that we've
talked about, but it is not something, that the childish born with so to speak. It is something that, the child
has acquired, with exposure to the native language and that, the child has acquired, obviously past, six
months of age .Okay? So, this is something that ,I would like you to remember.
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= However, 1t secems plausible to suggest that there must be some
precursor abilities, that the mfanmt buwlds up on to develop
segmentation.

* The possible candidates are:
* Prosodic Cues
* Phonotactic knowledge ( 1e. the patterns of phonemes that occur in the
language)

Now however, it seems plausible to suggest, that they must be some of the, precursor abilities, as I was
saying, some of the abilities that are contributing, to the child being able to learn this capability. Some of
these abilities, that basically are helping the child, to segment this speech stream, 2 candidates have been
isolated, two candidates have been proposed. One is Prosodic cues , as we’ve been talking about, in some
of the lectures. Also, the other thing is called,” Phonotactic Knowledge’. What is phonotactic knowledge?
Phonotactic knowledge, is typically, the knowledge of ,what patterns of phonemes occur in my language.
Say for example, in English there are no word, beginnings with the word GD, whereas in Polish, there are
words that could start with GD, in English there ,are no words that start with BT or PB, so to speak
.Okay? Or CK, so to speak. But, say for example, in some of the other languages, these could be valid



phoneme combinations. So the child, with exposure to the native language, has to figure out, which are
the permissible phoneme, phoneme combinations, in my language, versus which phoneme, phoneme
combinations, are not permissible, in my language .Okay? So, this is what the child has to figure out, now
let us, come to this first example, in more detail first.
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= The prosodic booistrapping hypothesis proposes that imfants pay
attention to prosodic features of thewr native language, and that they
use those features to identify target words.

= Supporting evidence could come from findings, that 2 month old
infants can detect differences between prosodic patterns, even when
the phonological content is identical (Hohne & Jusczyk, 1994).
* It was demonstrated that the 2 month old infants could distingush
between, mght — rates and nitrates

The prosodic cubes, there is something known ,as the prosodic bootstrapping hypothesis. And this
prosodic bootstrapping hypothesis, proposes that infants pay attention to the prosthetic features of their
native language, and by paying attention to this, they use those features to segment, the speech stream,
into words .Okay? And supporting evidence is there, supporting evidence comes from findings ,wherein it
has been shown that, even two month old infants, can detect the differences, between prosthetic patterns,
even when the phonological content is, exactly the same or very similar .Okay? In a study, it was
demonstrated, that two month old infants couldn't distinguish, between nitrates and nitrates .Okay? If you
could, detect, a difference one is night- rates and the other is the chemical compound, known as ,nitrates
nitrates. Okay? Infants, even two month old infants, can actually distinguish between nitrates and nitrates.
Okay? And this is, basically, if you see the phonological content, is exactly identical, only the prosodic
content, is slightly different, so children are obviously paying attention to the prosodic information here,
and they are, being able to use this, in order to distinguish, the night from rates .Okay? Or in different
other words, I mean, there’re so many examples, that you can ,think of .
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= Elaborate:

* Words in languages may differ in stress patterns, this mformation may
be uscful to discerm word boundanes

* In English. about 90% bisyllabic words have trochaic stress r.ﬂlcm. (=
first syllable is spoken louder than the second. E.g. cookic, baby, bottle

* Some words may have ambic stress pattern., i1.€. the second syllable s
louder. E.g. guiTAR, deBATE, purSUIT

= Giving importance (o stress patlern may be an important strategy o
determune onset/offset of words: metric segmentation strategy

Let us, elaborate on this. So, words in languages obviously differ in their stress patterns. And even and
different kinds of words, within their languages, also differ in the way, they are produced by way of stress
patterns .Okay? so, this is a very important information, say for example, in English, about 90% of the by
syllabic words, have what is called the,” Trochaic Stress Pattern’. What is Trochaic Stress Pattern? the
Trochaic Stress Pattern, is where the first syllable, is the one, that is more stressed ,where the second
syllable is slightly weaker. So, strong, weak. So, for example babe. Okay? Babe, is more stress and beings
lightly lesser stressed. Bottle, bottle bot is more stressed, till is less stressed. You know cookie, party, any
of the words, that you can think of, 90% of by syllabic words, which have two syllables ,have the same
makeup .Okay? these are referred to as words having, crocheting stress patterns, 10% of the words also,
however, have the opposites tress pattern, that is referred as the iambic stress pattern, wherein the first
syllable is weaker and the second syllable is stronger .say for example, debate, guitar, you know, pursuit.
so the first syllable you'll see here is weak, the second syllable here is stronger. So, in all the by syllabic
words, that English language has, you will find that, the Trochaic Stress Pattern is more common, as i
said, around up to 90% or more ,where is the iambic stress pattern, is much less common. So it's, about
10% or less. Now, children if they are paying attention to this stress patterns, they will probably be able to
figure out, the word boundaries of the words, going by, say for example, if there is high stress, low stress
word boundary. High stress, low stress word boundary. Something like that. Okay? This strategy of using
stress patterns, to distinguish between words of a language, has been referred to as, the matrix
segmentation strategy. So, using stress patterns, as in strategy ,to determine the onsets and offsets of
syllabus, has been referred to as the metric segmentation strategy.
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= Evidence

* 5 months old infants were able to detect presence of a trochaic word in a
series of iambic words

* Such a strategy must develop over ume to allow for the leaming of
specific native languages, as different languages may differ in their
stress patterns for words. E.g. French is different, but Dutch is similar to
Enghsh

= It has also been shown this strategy 1s used better by infants around 10
months of age, than younger infants

And it has-been proposed, that infants use the metric segmentation strategy, to segment, continuous
stream of speech into words. Okay? That’s what, there is, now is there, any evidence for this, do we see
this, happening a lot of times, yes. Five month old infants ,they were able to detect the presence of a
Trochaic word, in a series of iambic words. So, if you present them, a series of iambic words, say for
example, again going to the same, guitar, debate, pursuit and party. They will be able to distinguish party
very quickly, from this series of, iambic words. So, obviously are paying, a lot of attention to stress
patterns. Now, such a strategy, obviously develops over time and it, allows for the learning of specific
native languages, that the child gets exposed to, as different native languages ,have different, kinds of
stress patterns in them or different distribution of stress patterns in them, what the child probably does, is
that child kind of picks up, the most canonical stress patterns, in the in his or her own language and kind
of starts using that, as a useful strategy, to start making sense of their language. this could also be usefull,
say for example, if the child has to pick up ,a language that is, similar, as far as, the stress patterns are
concerned. it has-been, shown say for example, younger infant from French-speaking families, find it
very difficult to pick up Dutch, but younger infants from, Dutch speaking families, kind of find, it easy to
pick up English. Because, both of these languages are very similar ,with respect to stress patterns .Okay?
So, the same strategy can be, employed to pick up verse, from the other language ,as well, whereas
because the stress patterns in French and English ,of French and Dutch, are so different the same study,
will not really, apply across the two languages .Okay? so, it has been shown ,you know ,that this strategy
is ,obviously being used by children. Also, it has been shown that, the strategy is better used by infants
around 10 months of age, but not, so well used by the younger infants, so it is again something that, we
can say that is happening slightly later, children are picking this up, but slightly later .Okay?
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= By around 7.5 months of age, infants who hear short sentences
containing words with trochaic words could recognmize those words
when they were tested for them, using the conditioned head turm
procedure.

= Infants were also found to be able to successfully apply the metrical
segmentation strategy, in langauges having similar stress patterns. For
e.g. 9 month old infants from English families, could successfully
identify candidate words in Dutch sentences, using the same strategy
they would use for English: because Dutch and English have a very
similar predominant trochaic stress pattern like English.

So, by around 7.5 months of age, infants who hear short sentence, containing words, with Trochaic
words, could recognize those words, when they were tested for them, using the condition headstand
procedure. infants were also found to be able to successfully apply ,the metrical segmentation strategy ,to
a different language, having similar stress patterns, is something that [ was describing already, nine month
old infants from any speaking families, could successfully identify candidate, words in Dutch' sentences,
using the same strategy as they were applying for English .Okay?
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= However, it scems that the merrical segmentation strategy may not
always work. for e.g. if the infant hears, "My guiTAR is out of tune.™,
he/she nény incorrectly segment it to designate the sequence “TARis”
as a word.

* It has been shown that 7.5 month old infants do make this kind of
mistake, when they listen to short sentences containing jambic words.

* However, 10.5 month old infants were found to correctly recognizing
iambic words as well.

* Suggesting, that they might be using an additional strategy in order to

segment words.

So this is, obviously some evidence, for the fact that material segmentation strategy, is useful and is also
used, by children ,at around nine to ten months of age. Now, it is not really, there that the material
segmentation strategy, is a hundred percent successful strategy and it works all the time. Because, for




example, if the child hears, a sentence likes this, ‘My guitar is out of tune’. if the child is following the
metrical segmentation strategy, he would probably segment ‘TARis’ as one word. Because, tar hype |
stress and then is gnosis, the child probably paid, club, TAR is together, as to say that, this is a valid word
in English. But, we know that it is not, so in cases where the child will, encounter iambic words, this will
lead to a particular problem. But, we see, that by seven point five month old infants do make this kind of
mistake, around ten point five month old infants do not make this mistake, so much, they very
successfully classify ,the iambic words also, which tells us what ? Which tells us, that there might be an
additional strategy that the children are using, in order to segment words, from the speech stream.
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= It has been propose that older infants may begin to use phonotactic
information in search for word boundanes, i.e. patterns or
combinations of phonemes that occur in different parts of words in a
give l-';lﬂgllﬂgl:.

* For e.g. the phonotactic properties of Enghsh prevent a word from
starting with the consonant cluster /gd/. But that cluster is fine in Polish,
Gdansk

* Similarly, a child who knows that words can start wiath /spl’ but cannot
end with /spl’ will have an advantage when secgmenting the utterance
This place is dirty

* Instead of treating 1t as Thispl! ace is dirry (because no words end in
spl'), they are more likely to hypothesize a boundary between the /s
and the /pl/.

Let us, look at, what that strategy could be. The other strategy, is referred to as ,the strategy of using
phonotactic information. What is phonotactic information? Phonotactic information, typically is as I said
earlier, it basically is information about the patterns or combinations of phonemes, that occur in different
parts of the words, in a given language. Let me give you, an example, the phonotactic properties of
English, prevent word from starting with GD,PB,PT so on and so forth. But, in other languages, some of
these things, might be equally plausible, so the knowledge about, what word beginnings are valid versus?
What word beginnings are not valid versus? What word endings are valid in? What word endings are not
valid in? My language, is typically having phonotactic information about my language. Now, suppose a
child has been exposed to this sentence, this place is dirty. Okay? If the child kind of knows, that there are
no words endings with Pl, the child will, not make this mistake, of putting, this pill together and ace is
ready together, even though, if you really listen to this, this place is dirty. so this will, kind of fun logically
speaking probably could come together, but that does not really happen, children do not make this
mistake, because they know, that PL is not really a bonafide word, ending. Okay?
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= Sensiuvity to the phonotactic properties of the language seems to
emerge between 7.5 — 9 months of age for infants.
= As, mfants younger than 7.5 months do not show preference for
listening to native language speech, but by 9 months of age., children
show a strong preference for their native language, nstead of a
prosodically similar foreign language. For e.g. Dutch & Enghish.

* How does phonotactic knowledge emerge?
= Possibly, by paying attention to the beginnings and ends of entire
utterances, mfants can figure out how phonemes are distributed in
different parts of words, across the language.
= Thais was also demonstrated using mathematical models, which
performed better, with information about beginnings & ends of words.

So, moving on, to some more research findings. So, sensitivity to phonotactic properties of language,
seem to emerge, somewhere around seven point five months of age to nine months of age for infants. so
as, infants younger than 7.5 months, do not show, preference for listening to native language speech, but
by nine months of age, children show a strong preference for, listening to native language, over one, that
has a, instead of a prosodically similar language. Say for example, English-speaking children or Dutch
being children, they do not, prefer listening to either, English or Dutch. Which is not their native
language, even though they are prosodically very similar, they show a person for, a preference for,
listening to their own language. So at some point, we are saying that, they are kind of making, an
additional qualification to the decision, than just Prasad. If they were, taking the decision solely based on
Prasad, it would not matter to them, whether they are listening to English or Dutch. Because, they sound
very similar, however they kind of know, that there is a distinction between 2 Prasadkaly similar
languages, which means, that they have access to some other information, as well and that access could
be, the access to phonotactic information. Now, we could wonder, that vary from does this phonotactic
information emerge, where from does this phonotactic information come from? How is the child figuring
this one or tactical information out? Now, a lot of things have been proposed ,one of which is that by
paying, attention to the beginnings and ends of entire utterances ,infants can figure out, how phonemes
are distributed in their native language .so, as I said, in the beginning as well children are paying a lot of
attention, to whatever they are listening to from speaking agents around them, the mother, father, siblings,
so many of the, you know, agents are around them and because, they‘re paying attention to these
utterances, to whatever is being said, so discreetly, in such a detailed manner, they can kind of get some
information, collect some information, about beginnings and endings, they would know that. Okay? This
probably is a word beginning and this probably is a word ending and also, you know, you combine that
with some of the prosodic information that is probably also something that might be helping .Okay? And
they tested this proposal, out with mathematical models, models that were basically given, the task of you
know, segmenting a speech stream into words and at that point the, models were, when the models were
informed about the offsets in on sets. Now, the models performed better, so it kind of ,makes sense that
the children might also be used in some of this phonotactic information, to segment the speech .Okay?
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* Further, it 1s very likely that infants also make use of the prosodic
stress patterns to guess the syllable onsets & offsets, by giving special
importance to stressed syllables.

* One of the other clues, to the phonotactic confirmation must come
from Infant Directed Speech. as we have discussed earlier.

Also, it is very likely as I was saying ,that infants make use of the prosodic stress patterns ,to guess the
syllable, offsets and on sets, by giving special importance, to stressed syllables. Suppose, say for example,
they notice the stress variations between crochet can I make patterns, I am make words and they use that
to kind of figure out .Okay? this must be the word beginning ,this must be the word ending and so on and
so forth. So, both of these things together, might kind of help them, figure out some of this phonotactic
information about their language. another candidate, another a clue, that has been proposed, as important
in understanding, the phonotactic information, is that of infant directed speech, if you remember in one of
the in the first lecture, of the week ,I talked about the importance of child directed speech or infant
directed speech and I also highlighted some of the, interesting features of the, infant directed speech, I
said that,
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= [DS:
» Has exaggerated prosodic features.
* Clearer indication of word boundaries.
= Highlhighted topic words.
* More salient speech properties.
* Evidence:
* 6-12 months old infants exposed to motherese were superior in
discrnnminating words.
* 6.5-8.5 months old outperformed un-exposed peers In segmentation.
{ Thicssen et al., 2005).
» Kids of depressed mothers lagged behind.

you know, they have exaggerated prosthetic features, they give clearer indication of word boundaries,
they highlight the topic words, they use shorter sentences clearer words and they have more salient speech
property. So, I said all of that and I said, that this might be, helpful to the child in some way, it was a kind



of giving the child, a sort of practice already, you know giving the child a sort of practice, with how adult
language works, what added language sounds like, what are the patterns in the adult language. Now, it has
been proposed, that infant directed speech, could be a very important clue or could be a very important
practice board, so to speak for the child, to be able to discriminate, these things. Okay? So, there is also
evidence for that, that the child kind, of prefers listening to, infinity liquid speech. So, say for example,
infants between six, to twelvemonth olds, who are exposed to infinity directed speech, were found to be
much more superior in discriminating words, as compared to infants that were not exposed. similarly
another study, six point five to eight point five month old infants, outperformed peers in segmentation.
Because, they were x given even more practice of infant directed speech. on the other hand ,in a different
kind of an example kids, of mothers who were depressed, were not really able, to perform segmentation
very well and they, lagged behind their peers, in this segmentation of speech, problem. because,
apparently they ,were not really getting a lot of infant directly speech, on the mother. you know, it's hard
to see, say for example, alcoholic or depressed mothers, because they, do not probably interact with the
child so much, they do not speak to the child ,in this child directed speech, in this funny or strange
language and because the child, mother does not interact, with the child so much, obviously it will have
emotional and other consequences, but one of the important consequences is, that the child does not get
enough practice in segmenting speech. Because, the child isn’t getting practice in segmenting speech, the
child is obviously lagging behind, its peers, in acquiring this scale, at a particular time.
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= Another alternative, Srafistical learning & Speech segmentation.

* The statustical learmming approach suggests, that prosodic imformation
skill is not the most important strategy for speech segmentation, rather,
mfants notice patterns mm complex stimuli and use those patterns to
analyze speech stimuli and identify important subcomponents,
including words.

= As Saffran (2003), puts it,
“infants can rapidly capiralize on rhe sraristical properties of rheir
language environments, including dismribution of sounds in words...”.

So, this is, is again a very, very important aspect. Now, these three they're, another they could be a
completely different, alternative to how children are segmenting speech stream. Okay? So, there is this
hypothesis, this is referred to as the statistical learning hypothesis or the statistical learning approach,
which suggests, that you know prosodic information or four tactical information or even learning to
isolated words, is probably got little or nothing to do, with how children are ,eventually going to segment
speech. it probably basically, what is happening is, that children’s, are noticing complex ,some of these
patterns in, the complex stimuli that, they are exposed to and it is these patterns, that they are being able
to isolate and they are being able to use these, patterns to analyze, the incoming speech stream, when they



use these patterns to in, analyze the incoming speed stream .this is how they get to analyzing and reaching
to words. Okay? So, Saffran who was the pioneer of the statistical learning approach, as far as language
acquisition is, concerned puts it in a way where he says, the infants can rapidly capitalize, on the
statistical properties, of their language environments, including distribution of sounds in words. any kind
of he's done a lot of work is conducted, so many experiments, in demonstrating, how and, how well,
children are using statistical information, in order to achieve the segmentation of speech, which is on the
foundational features, of foundational skills, in acquiring language. So, let us, look at some of his
experiments.
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= Saffran & colleagues, note that in English, some syllables are more
predictable than some others. For e.g. in the word “prerry ", there are
two syllables, “pre™ 7 “u”.

= In IDS, “u” follows “pre” about 80% of the ime; and that might be
very mformative for kids in order to be able to put these two syllables
together as one word.

= Thus 1s referred to as fransitional probability, 1.e. 1kelihood that a
specific syllable will be followed by another.

So saffran in colleagues, in around probably1996. Actually that is a different incidence, saffran and
colleagues, kind of note that in English, some syllables are, definitely more predictable than some others.
So, say for example, they note that the word ‘pretty’. If you look at, pretty, it has two syllables pre and T.
Okay? in infinity ,rectus speech, whenever you talk about, whatever we talk about, if the word pretty
comes, the T follows pre almost, eighty percent of the time: with 80%accuracy a child can guess, that if
pre has been said, it is going to be followed by T .Okay? What it really does, is it kind of providers, the
infant, with this information, of the likelihood ,that this specific syllable ,will be followed by, this specific
syllable and as soon as this specific syllable, is delivered ,the child says .Okay? This is my word

boundary. This is how, [ will be able to now ,distinguish words from other words.
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= Evidence

* Infants tested on “arificial muni-languages’ paid more attention to pairs of
svllables with higher transitional probability. (Saffran et al.. 1996)

= Even in absence of prosodic cues

e Studies have shown, that older mmfants (17 18 months) can learm about
phonotactic patterns by paving attention to statistical properties (Chambers
Omisiu, & Fisher, 2003)

* Advantage
* It has been proposed that statistical learming may be a result of a more genernic
learming mechanism in children, that can be used for both, language & non
language stimuli. suggesting that, possibly language specific learming
mechanisms could be responsible for speech segmentatnon and word learming

And discreetly chopped this speech stream, into discrete words, ok. so this, is what the statistical learning
hypothesis says, obviously they have done, a lot of experiments and they have enough proof, for this as
well. Say, for example, I was talking about this study earlier Saffran 1996. So, Saffran in1996, devised a
way of testing, whether children are actually paying attention to these transitional probabilities, they
created these nonsense, phonemes, they created these phonemes and they combine them into nonsensical
patterns, so if I remember correctly, pop, they were, they’d, be, cootie, bureaus, you know and some,
some others they were probably for such, verse that were made above these for you know phoneme’s
which didn't really mean a lot, but they were always occurred in such a way ,that who, the child will be
able to, gauge the transitional probability, of these particular phonemes. So, Bobby, Cote,Budo, guava or
whatever, like that and the thing is Bobby, K uh, so pal, after this becomes and then Kuh comes. So, this
transitional probability is made, is preserved and then there could be other word, the other word could be
happening here, or here anywhere, but Bobby coo, this transitional probability is preserved. Now, what
happens is, they tested, the habituated children or this and then they, emitted this into regular speech
streams and they wanted to test, whether children will pay attention, to any of this, it was found, that
children did, pay attention to these words, having these kind of transitional probabilities, which told us
that obviously children, arousing some these transitional probabilities, in some sense. in other studies,
they also tried this out, in absence of complete Prasad cues, i mean, in this study also this was because
artificial language, was generated, this whole segment of speech were created with, an artificial speech
synthesizer, so you see that, there is no prosodic cues, to help the child ,but still the child is being, able to
figure out these, familiar words, just on the basis of transitional probabilities .Okay? so, this and there are
other studies, which have shown, say for example, that older and17 to 18 months old ,can learn about the
phonotactic patterns, by paying attention to these statistical properties. so we know, that this is also, one
of the techniques that the child, is using, an advantage of this technique, the advantage of the statistical
learning approach or the statistical learning hypothesis, could be, that it can be used as a more generic sort
of a learning mechanism, which is probably being used in language, learning or in other kinds of learning
as well. This can be something that, the human beings or children, are using generically, to acquire all
sorts, of different skills. Okay? which also at the same time, tells us, that probably nothing, in this sort of




a way, needs to be innately there, the child will kind of pick up these statistical patterns and we'll pick up
the segmentation, of the words and we move, similarly.
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= Any closer to the solution”
= We have three hypotheses:

* Metrical segmentation: no nced to hear words in isolation, no need for
transitional probabihities.

* Isolated word leaming: recognize previously learned words in speech
and use them as templates.

» Statistical learming: no need to use cither either prosodic features or
isolated word learning. Use statistics.

So, are we any closer to the solution, of the segmentation problem. let us say, let us look back, what do we
have, we have the metrical segmentation strategy, wherein the children are ,kind of you know attending to
the prosodic pattern, stress patterns. so to speak, with the isolated word learning strategy, basically, where
the children are recognizing previously learned words, in speech and they use those words as templates to
figure out, similar words. And then, we have the statistical learning strategy or statistical learning
hypothesis, as you may call it, which says, that there is no need to either use, isolated word learning or to
use respond us or anything, this use thestatistical distribution, information and that will be able to help,
the children, you pick up, the skill of segmenting the speech stream, into meaningful words .Okay?
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* There is however, a healthy competition among these hypothesis to
decide which of them is prominently used by infants to segment
speech and at what age.

= It has been shown that younger infants ( 6.5 7 month old) paid
attention to transitional probabilities, but were not influenced by
prosodic cues: however older infants ( 8.5 9 months old) showed
preference for familiar words having known transitional probabilities.

= This could indicate that mmfants primarnly use statustical cues for
segmenting speech and form a younger age.



So, let us see, so all three of them are here and there is a healthy competition between these three and all
three of these are kind of in, in that sense competing as to what is used more? And what is used earlier?
Because that could be an answer as to how, children are actually acquiring language it has been shown,
that younger infants six point five to, seven month old infants did, pay attention to transitional
probabilities but, they were not influenced by prosodic changes, they are not influenced by prosodic cues,
however, older infants 8.5tonine months old and older they showed preference for familiar words, having
known transitional probabilities. So, they basically are kind of being able to use, some of these skills in an
older age. Okay? This could kind of tell us, this could inform us that infant probably primarily, you
statistically cues, for segmenting speech and they do it from a much younger age .Okay? So, this is there,
should this kind of wrap up the debate for us, before we do that
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= However, we could ask whether statistical information is necessary or
sufficient for segmenting.

= It has been shown in several studies that statistical information is not
necessary for segmenting, and hence also not entirely sufficient.

* On the other hand. research has shown that prosodic information is
more readily used by infants, and along with 1solated word learning
strategy. has been proven suflicient for word segmentation.

Traxler kind of puts this, two categories these two tests, to the strategy and asks, whether a particular
mechanism is necessary is it, in itself, most important that unless this is there no segmentation of speech
is possible or it is sufficient, this and this alone can guarantee, successful segmentation of speech. So, the
two questions are whether one of the mechanisms is sufficient or is it necessary and unless it is, necessary
it can also not be sufficient. So, we kind of look at it, once you look at some of the other studies that have
been done, it has-been shown, that several studies, have shown that statistical information is not necessary
for segmenting, even in absence for statistical information by way of transitional probabilities Chillan,
have been able to segment speech, into words which tells us, that because it is not necessary in the first
place it cannot be obviously sufficient to do, segmenting a speech as far as, the other two are concerned
crow said information and isolated word learning strategies, they have proven sufficient for children
achieving word segmentation, speech segmentation into particular words. So, that is, sort of a trade-off
there, which kind of tells us that .Okay? And there are these three strategies and one of these and children
use, a combination of these strategies, statistical learning strategy is probably very important but, it's not
either, necessary or completely sufficient by itself ,to explain how children segment words .Okay?
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Take home message

* It is important for infants to leamn segmentation of continuous and
fluent speech mto words.

* They use a variety of strategies to do so.

* It seems more likely that a combination of these strategies are
employed by children, as they are growing up and getting better at the
task of segmentation.

So, let's try an or I were to take home message forth lecture, it is, that children need to segment the
continuous space stream into words, we know that they use a variety of strategies to do so, we also know
that they probably use a combination of these strategies and the kind of huge combination of these
strategies with age. So, either use probably one strategy atone age and they start picking up the other
strategies as and when they are growing up .Okay?
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This was, about how children learn, segmentation or speech which is very, important fundamental skill,
fundamental ability for them to, for them in order to acquire language .Okay? Thank you, in the next
lecture, we'll move on to, learning probably word meanings and then we’ll move to, other important skills
of acquisition of language. Thank you.



