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Learning phonology

Language learning starts in the womb.

Auditory system is fully developed by the
beginning of third trimester.

A fetus can hear, but it doesn’t hear what we
hear.

Womb acts as a low pass filter (only allows lower
frequencies)



What speech sounds like in the womb
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Spectrogram after 250 Hz Low Pass Filter
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What we know at (and before) birth

* A fetus can distinguish:
— Language vs. non-language
— Mother’s voice vs. someone else’s voice

* A newborn can distinguish:
— Their native language vs. another language

— A rhythmically similar language (English/Dutch) vs.
a rhythmically dissimilar language (English/
Japanese)



Techniques for assessing early
linguistic development

Fetuses: kicking, fetal heart rate
Newborns: High-Amplitude Sucking
Babies and Toddlers: Head Turn Preference, Looking Time

Age ~3 onward: Elicited production, comprehension tasks,
eyetracking, etc.

Head Turn Preference



Acquiring phonemic inventories

* Languages differ widely in their phonemic
Inventories.

 Some languages, e.g., distinguish [p] and
[b], but others don’t.

* Kids eventually come to know the
phonemic inventory of their language.
How?



Distinguishing Phonemes

What does having the ability to recognize [p] as a distinct phoneme
from [b] consist of ?

In 1964, Arthur Abramson and Leigh Lisker of Haskin Laboratories
determined that the acoustic difference between [p] and [b] (and
voiceless stops and voiced stops in general), is...

... the amount of time that elapses between when the closure that
makes the stop is released and the voicing for the sound that follows
begins.

The time between when a stop is released and when the sound that
follows begins is called the Voice Onset Time (VOT).

— Voiceless stops in English have a VOT of more than ~30 ms..
— Voiced stops in English have a VOT of less than ~30 ms.



Distinguishing Phonemes

e Adult speakers of languages that do not treat voiced
and voiceless stops as phonemes cannot distinguish
stops with a VOT of less than 30 ms from a stop with a
VOT of more than 30 ms.

 The perceptual apparatus of speakers whose
languages make this distinction are different than the

perceptual apparatus of speakers of languages that do
not.

* When is this ability to distinguish phonemes acquired?



Acquisition of Phonemic Contrasts

* |t looks like it’s not acquired!

* In 1971, Peter Eimas and colleagues used the
Abramson and Lisker materials to test
whether 1 month and 4 month old infants
could discriminate voiced and voiceless
sounds.

* They could!



Eimas et al. (1971)
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Fig. 2. Mean number of sucking responses for the 4-month-old infants, as a function
of time and experimental condition. The dashed line indicates the occurrence of the
stimulus shift, or in the case of the control group the time at which the shift would
have occurred. The letter B stands for the baseline rate. Time is measured with
reference to the moment of stimulus shift and indicates the 5 minutes prior to and

the 4 minutes after shift.



What about non-native phonemic
contrasts?

e Janet Werker and her colleagues were among the first
to investigate this.

* |n a series of studies in the early 1980’s she showed
that children learning English could discriminate the
Hindi voiceless retroflex alveolar stop from the
voiceless dental stop in their first few months, but lost
this ability between the 10th and 12th month!

* |n a follow up study, she showed the same thing for
the Nthlakampx (Salish) distinction between voiceless
velar stops and voiceless uvular stops.



From Werker and Tees (1984)

SUBJECTS REACHING CRITERION
ON THOMPSON CONTRASTS
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English infants are actually
much better than English adults
at discriminating [k] and [g]!

Thompson English English
Adults Adults Intants

Figure 2. Propertion of Thompson-specking adults, English-specking adults, end
infants from English-specking homes reaching criterion on the Thempsen glotal-
ized velar/uvular contros! (/Ki/-/gi/).



From Werker and Tees (1984)

roor Hindi Infants Nihlakapmx
English Infants ~Na Infants
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b English infants lose

the ability to
distinguish these
sounds, while Hindi
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Figure 2 The proportion of infants at each age reaching discrimination criterion on the Hindi
and Nthlakampx contrasts. (Far right) The performance of infants 11 months old raised in either
a Hindi or a Nthlakampx environment. (Adapted from Werker & Tees 1984a.)

In a sense, children are learning which phonemic contrasts not to make!



How to learn phonemic inventories
“Blank Slate” Model
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How to learn phonemic inventories
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Beginning to produce sounds

Unlike auditory system, articulatory system undergoes significant
development throughout infancy.

Physiological changes in articulators
— Larynx descends

— Teeth develop

— Palate elevates and arches

Development of motor control, procedural memory in motor
learning (“muscle memory”)

Articulation: extremely complex motor task
— At typical adult speaking rate: ~14 phonemes/sec.
— 140,000 neuromuscular events/second



Typical stages in articulatory development

Birth to ~6 months:

~6-12 months:

~10-18 months:

pre-babbling sounds
(e.g., crying)

babbling
(e.g., “ba ba goo ga”)

first words



Pre-babbling stage

* Typical pre-babbling sounds:
— Crying
— Grunting
— Burping
— Squealing / “Cooing”

* Generally do not require use of articulators
(lips, tongue, palate, teeth)



Babbling Stage

* Some striking similarities in babbling across
languages.

e Early in the babbling stage, certain sounds are
guite common, while other sounds are quite
uncommon.

* |n later babbling stage, language-specific
differences begin to emerge:

— Relative frequency of sounds begins to resemble
frequency in target language.



Typical babbling sounds

Commen and unconmon sounds during the babbling phase’

Infrequently found

Frequently found consonants consonants
p b m [ v th
t d n sh ch |
k ¢ Il r ng
s h
Wy

Common babbling vowels: [a],[i],[u],[3]

What characterizes the common babbling sounds
vs. the uncommon ones?



Development of phonemic inventory
in production

 We saw that children are able to perceive
phonetic distinctions essentially from birth.

* Producing these distinctions is another
matter.

 Example from O’Grady reading:



A telling example:

From the O’Grady reading:

One ol'us . .. spoke to a child who called his inflated plastic fish a fis. In
imitation of the child’s pronunciation, the observer said: “This is your
fis?" “No,"” said the child, “my fis.” He continued to reject the adult's
imitation until he was told, “That is your fish.” “Yes." he said, “my

ﬁS ]y

* In phonemic development, as elsewhere in

language development:
— comprehension precedes production.



Early phonemic inventories

Typical consonant inventory at age two

D b m [ W
t d n S
k g

Typical consonant inventory at age four

—— - - - i

p b m [ v ¢ch j w vy
I r

— e -




Some early production errors

e Substitution
— liquids -> glides
— nasal stops -> oral stops

— Postalveolar fricatives -> alveolar fricatives

* Deletion of segments

— Consonant cluster simplification

* Deletion of syllable

— Usually preserves stressed syllable



Most common 3-vowel system

el
o
o
(-
Y3siH

Notice: vowels are
“dispersed” (as far apart from
each other as possible)

Q
MO



Most common 5-vowel system

el
o
o
(-
Y3siH

Vowels are still “dispersed” (as
far apart from each other as
possible)!

Why might languages prefer d
“dispersed” phonemic
inventories?

MO -mmmmmm e m e e



L2 Learning of Phonology:
Accents and Loanwords

LINGUIST 397LH
Oiry/Hartman



L1 vs L2 phonological errors

* Both influenced by alternative phonemic
Inventories.

* In L1 learners, this is the restricted phonemic
inventory of the child (limited by articulatory
difficulties.)

* In L2 learners, it is phonemic inventory of the
native language (L1).



Variation in phonemic inventories:

* Languages vary widely in their phonemic
inventories (their set of sounds).

* The size of phonemic inventories in the
world’s languages varies from around 12 to
around 150.

e Varieties of English have around 36-47.



Accents and Loanwords

[German coast guard commercial]



Accents and Loanwords
 Why does [O] become [s]?
* What other phonological changes occur?

German L2: [z1s 1s zo TJ@:min ko:st ga:t]

English L1: [61s 1z 82 dz3aumin k"owst gaud]



Factors in L2 Phonology

Phonemic Inventory of L1
Phonotactics of L1
Stress patterns of L1

and more (tonal properties, etc.)



Accents are informative:

Whenever the Ephraimite fugitives said, “Let me
cross,” the men of Gilead would ask,

“Are you an Ephraimite?”
If he said, “No,” they then said:
“Very well. Say [fibolet] (nbaw)”

And if anyone said [sibolet] (n5ap), because he could
not pronounce it, then they would seize him and kill
him by the fords of the Jordan.

Judges 12:5-6 (IPA added)




ACCENT 1

Please call Stella. Ask her to bring
these things with her from the
store: Six spoons of fresh snow
peas, five thick slabs of blue
cheese, and maybe a snack for her
brother Bob. We also need a small
plastic snake and a big toy frog for
the kids. She can scoop these
things into three red bags, and we
will go meet her Wednesday at the
train station.

[plis k™2l stel:> ask har tu brina dis
Hins3 wid ero fram do stox siks
spuns of fref 1snou pis faif tik
islebsa ofd blu tfiz3 &no merbi o
znxko for 2 brador baba wi al¥so
nid & smal” plestik isnenks €n o
bigov tor f1oge fora do kidz fi kén
iskupe diz Gimsa: mtu tri 1ed begss
eén wi walY¥ go: mit h3 wénzder &t

tra trein stei{an|



ACCENT 2

Please call Stella. Ask her to bring
these things with her from the
store: Six spoons of fresh snow
peas, five thick slabs of blue
cheese, and maybe a snack for her
brother Bob. We also need a small
plastic snake and a big toy frog for
the kids. She can scoop these
things into three red bags, and we
will go meet her Wednesday at the
train station.

[plY¥is kolY stela @®sk bl tu
biink zis Bims w16 hiur fiam ds
stox siks spuns of fic| sno pis
farf @ik sleps ov blu ffis and
mebi 2 snek for bl brada

bop vi el¥so nit 8 smol plastik
snek ®nd bik tor £31 fiok fox

za kits |i ken skup™ zis sigks
intu Bri 1et beks ®nd vi vilY go
mit h't1 wende &t zo tien

stela n]



ACCENT 3

Please call Stella. Ask her to bring
these things with her from the
store: Six spoons of fresh snow
peas, five thick slabs of blue
cheese, and maybe a snack for her
brother Bob. We also need a small
plastic snake and a big toy frog for
the kids. She can scoop these
things into three red bags, and we
will go meet her Wednesday at the

train station.

[p"riz k"a sterd ask ha to brij
di Omks wid ha f1Am 0o sto:
siks spunz av figh{ sno piz
farv 01k sracbz ov bru tfiz €n
mebi o znaxk {5 ho biads bob®
wi azo nid" A smal® p"iastk
snek 3d o bik tor fiog fo do
k"irdz fi kan skup zis sinz tu
Ori: led” baegz &ro wo go: mit
ha wénezder ot' 6o tiemn steln|



ACCENT 4

Please call Stella. Ask her to bring
these things with her from the
store: Six spoons of fresh snow
peas, five thick slabs of blue
cheese, and maybe a snack for her
brother Bob. We also need a small
plastic snake and a big toy frog for
the kids. She can scoop these
things into three red bags, and we
will go meet her Wednesday at the
train station.

Iplis kol stelo ask 3 tu baim di
Bigks w10 hor f13m no stour siks
spuns of fief {nou pois farf 61k
sleeps ov blu tfiis &n meibi o snek
fox ha1 biaraa bamp vi olso nit o
smol plastik sneik an 2 bik t"a1
fiok fou do kuts {i kdn skoup skup
am so1i §i k&n skup 01 Oinks ntu
sai 1ed beaeks 3n wil gou mit haa

wénzder &t da tacin sterfan]



ACCENT 5

Please call Stella. Ask her to bring
these things with her from the
store: Six spoons of fresh snow
peas, five thick slabs of blue
cheese, and maybe a snack for her
brother Bob. We also need a small
plastic snake and a big toy frog for
the kids. She can scoop these
things into three red bags, and we
will go meet her Wednesday at the

train station.

[p"ris k"al stela as hsi th bain
dis frns wif hsx wif hsa f1om
do stox si1s spun av figfs snou
pis far: fik snaps af blu "z
an mebi er snek fox hsx baard
bob wi olso nit?e smol 7a
p"racdis snek &n e bik™ t"or: fas
fox r1 k"i:s i kan sput” dis
f1ins Intu: tii ast’ bacs an vi
wil¥ gou mit hsi vénzde et do
t"a1en stefan]




