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  Phonology	
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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	
  	
  

Low	
  pass	
  filter	
  

Unfiltered	
  

	
  	
  

Spectrogram	
  

	
  	
  

Spectrogram	
  aRer	
  250	
  Hz	
  Low	
  Pass	
  Filter	
  

	
  	
  

What	
  we	
  know	
  at	
  (and	
  before)	
  birth	
  

•  A	
  fetus	
  can	
  disVnguish:	
  
– Language	
  vs.	
  non-­‐language	
  
– Mother’s	
  voice	
  vs.	
  someone	
  else’s	
  voice	
  

•  A	
  newborn	
  can	
  disVnguish:	
  
– Their	
  naVve	
  language	
  vs.	
  another	
  language	
  
– A	
  rhythmically	
  similar	
  language	
  (English/Dutch)	
  vs.	
  
a	
  rhythmically	
  dissimilar	
  language	
  (English/
Japanese)	
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Techniques	
  for	
  assessing	
  early	
  
linguisVc	
  development	
  

	
  	
  Fetuses:	
   	
  kicking,	
  fetal	
  heart	
  rate	
  
	
  
Newborns:	
  High-­‐Amplitude	
  Sucking	
  
	
  
Babies	
  and	
  Toddlers:	
  Head	
  Turn	
  Preference,	
  Looking	
  Time	
  
	
  
Age	
  ~3	
  onward:	
  Elicited	
  producVon,	
  comprehension	
  tasks,	
  	
  
eyetracking,	
  etc.	
  	
  
	
  
	
  

High-­‐Amplitude	
  Sucking	
  

Head	
  Turn	
  Preference	
  

Acquiring	
  phonemic	
  inventories	
  

•  Languages	
  differ	
  widely	
  in	
  their	
  phonemic	
  
inventories.	
  

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

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

DisVnguishing	
  Phonemes	
  
•  What	
  does	
  having	
  the	
  ability	
  to	
  recognize	
  [p]	
  as	
  a	
  disVnct	
  phoneme	
  

from	
  [b]	
  consist	
  of?	
  	
  
	
  
•  In	
  1964,	
  Arthur	
  Abramson	
  and	
  Leigh	
  Lisker	
  of	
  Haskin	
  Laboratories	
  

determined	
  that	
  the	
  acousVc	
  difference	
  between	
  [p]	
  and	
  [b]	
  (and	
  
voiceless	
  stops	
  and	
  voiced	
  stops	
  in	
  general),	
  is…	
  

	
  
•  …	
  the	
  amount	
  of	
  Vme	
  that	
  elapses	
  between	
  when	
  the	
  closure	
  that	
  

makes	
  the	
  stop	
  is	
  released	
  and	
  the	
  voicing	
  for	
  the	
  sound	
  that	
  follows	
  
begins.	
  	
  

•  The	
  Vme	
  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.	
  	
  

DisVnguishing	
  Phonemes	
  

•  Adult	
  speakers	
  of	
  languages	
  that	
  do	
  not	
  treat	
  voiced	
  
and	
  voiceless	
  stops	
  as	
  phonemes	
  cannot	
  disVnguish	
  
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	
  disVncVon	
  are	
  different	
  than	
  the	
  
perceptual	
  apparatus	
  of	
  speakers	
  of	
  languages	
  that	
  do	
  
not.	
  	
  

	
  
•  When	
  is	
  this	
  ability	
  to	
  disVnguish	
  phonemes	
  acquired?	
  	
  

AcquisiVon	
  of	
  Phonemic	
  Contrasts	
  

•  It	
  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)	
  

	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  [b]	
  [b]	
  [b]	
  	
  	
  [b]	
  [b]	
  [b]	
   	
   	
  	
  	
  	
  	
  [b]	
  [b]	
  [b]	
  	
  	
  [p]	
  [p]	
  [p] 	
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What	
  about	
  non-­‐na%ve	
  phonemic	
  
contrasts?	
  

•  Janet	
  Werker	
  and	
  her	
  colleagues	
  were	
  among	
  the	
  first	
  
to	
  invesVgate	
  this.	
  	
  

•  In	
  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!	
  

	
  
•  In	
  a	
  follow	
  up	
  study,	
  she	
  showed	
  the	
  same	
  thing	
  for	
  
the	
  Nthlakampx	
  (Salish)	
  disVncVon	
  between	
  voiceless	
  
velar	
  stops	
  and	
  voiceless	
  uvular	
  stops.	
  	
  

From	
  Werker	
  and	
  Tees	
  (1984)	
  

	
  	
  

Acquisition of Phonology

Thompson velars and uvulars

from Janet Werker and Richard Tees (1984) “Cross-language Speech

Perception: Evidence for Perceptual Reorganization During the First Year

of Life,” Infant Behavior and Development 7, 49–63.

English	
  infants	
  are	
  actually	
  	
  
much	
  be*er	
  than	
  English	
  adults	
  	
  
at	
  discriminaVng	
  [k]	
  and	
  [q]!	
  

From	
  Werker	
  and	
  Tees	
  (1984)	
  

	
  	
  

In follow-up studies, we found that this change in ability is evident by 4 years
of age (Werker & Tees 1983) and, in fact, occurs within the first year of life.
English-learning infants of 6–8, 8–10, and 10–12 months of age were tested on
their ability to discriminate the Hindi /Ta/-/ta/ contrast and a Nthlakampx /k’i/-
/q’i/ contrast. Although most of the infants 6–8 months old were able to dis-
criminate between both non-English contrasts, few of the infants 10–12
months old were able to discriminate either the Hindi or the Nthlakampx con-
trast (Werker & Tees 1984a). The pattern of results revealed for infants is
shown in Figure 2.

This pattern of change between 6 and 12 months of age has been reported
(a) for a different retroflex/dental distinction (/Da/-/da/) (Werker & Lalonde
1988); (b) for three Zulu contrasts: a bilabial plosive/implosive distinction, a
lateral fricative voiced/voiceless contrast, and a velar voiceless/ejective stop
distinction (Best 1995); and (c) among Japanese infants for the (non-Japanese)
English /ra/-lla/ (Kuhl 1998). The change for the Nthlakampx contrast has also
been replicated by Best (1995). Importantly, however, the decline in cross-
language consonant perception is not always evident at 10–12 months of age.
Best and colleagues (see Best 1995) have shown that the decline only occurs for
contrasts that involve sounds similar to sounds used in the native language. For
example, infants 10–12 months old, and even adults, continue to discriminate
the apical/lateral Zulu click contrast <xa>-<ca>, but this contrast sounds to all
but the Zulu more like someone clucking to a horse or making a “tsk tsk” sound

516 WERKER & TEES

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.)
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  English	
  Infants	
  

English	
  infants	
  lose	
  
the	
  ability	
  to	
  
disVnguish	
  these	
  
sounds,	
  while	
  Hindi	
  
and	
  Nthlakapmx	
  
speakers	
  retain	
  it!	
  

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

How	
  to	
  learn	
  phonemic	
  inventories	
  
“Blank	
  Slate”	
  Model	
  

	
  	
  

How	
  to	
  learn	
  phonemic	
  inventories	
  
“Blank	
  Slate”	
  Model	
  

	
  	
  

How	
  to	
  learn	
  phonemic	
  inventories	
  
Innate	
  knowledge	
  Model	
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How	
  to	
  learn	
  phonemic	
  inventories	
  
Innate	
  knowledge	
  Model	
  

	
  
	
  	
  

Beginning	
  to	
  produce	
  sounds	
  
•  Unlike	
  auditory	
  system,	
  arVculatory	
  system	
  undergoes	
  significant	
  

development	
  throughout	
  infancy.	
  
	
  
•  Physiological	
  changes	
  in	
  arVculators	
  

–  Larynx	
  descends	
  
–  Teeth	
  develop	
  
–  Palate	
  elevates	
  and	
  arches	
  

	
  
•  Development	
  of	
  motor	
  control,	
  procedural	
  memory	
  in	
  motor	
  

learning	
  (“muscle	
  memory”)	
  

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

Typical	
  stages	
  in	
  arVculatory	
  development	
  

	
  
Birth	
  to	
  ~6	
  months:	
   	
   	
  pre-­‐babbling	
  sounds	
  
	
   	
   	
   	
   	
   	
   	
   	
   	
  (e.g.,	
  crying)	
  

	
  
~6-­‐12	
  months:	
   	
   	
   	
   	
  babbling	
  
	
   	
   	
   	
   	
   	
   	
   	
   	
  (e.g.,	
  “ba	
  ba	
  goo	
  ga”)	
  

	
  
~10-­‐18	
  months:	
  	
   	
   	
   	
  first	
  words	
  
	
  

Pre-­‐babbling	
  stage	
  

•  Typical	
  pre-­‐babbling	
  sounds:	
  
– Crying	
  
– GrunVng	
  	
  
– Burping	
  
– Squealing	
  /	
  “Cooing”	
  

•  Generally	
  do	
  not	
  require	
  use	
  of	
  arVculators	
  
(lips,	
  tongue,	
  palate,	
  teeth)	
  

Babbling	
  Stage	
  
•  Some	
  striking	
  similariVes	
  in	
  babbling	
  across	
  
languages.	
  

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

	
  
•  In	
  later	
  babbling	
  stage,	
  language-­‐specific	
  
differences	
  begin	
  to	
  emerge:	
  	
  
–  RelaVve	
  frequency	
  of	
  sounds	
  begins	
  to	
  resemble	
  
frequency	
  in	
  target	
  language.	
  

	
  

Typical	
  babbling	
  sounds	
  

	
  	
  
	
  
	
  
	
  
	
  
•  Common	
  babbling	
  vowels:	
  [a],[i],[u],[ə]	
  

•  What	
  characterizes	
  the	
  common	
  babbling	
  sounds	
  
vs.	
  the	
  uncommon	
  ones?	
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Development	
  of	
  phonemic	
  inventory	
  
in	
  producVon	
  

•  We	
  saw	
  that	
  children	
  are	
  able	
  to	
  perceive	
  
phoneVc	
  disVncVons	
  essenVally	
  from	
  birth.	
  

	
  
•  Producing	
  these	
  disVncVons	
  is	
  another	
  
maqer.	
  

•  Example	
  from	
  O’Grady	
  reading:	
  

A	
  telling	
  example:	
  

	
  From	
  the	
  O’Grady	
  reading:	
  
	
  
	
  
	
  
	
  

•  In	
  phonemic	
  development,	
  as	
  elsewhere	
  in	
  
language	
  development:	
  
–  	
  comprehension	
  precedes	
  produc<on.	
  

	
  
	
  

Early	
  phonemic	
  inventories	
  

	
  	
  

Some	
  early	
  producVon	
  errors	
  

•  SubsVtuVon	
  
–  liquids	
  -­‐>	
  glides	
  
– nasal	
  stops	
  -­‐>	
  oral	
  stops	
  
– Postalveolar	
  fricaVves	
  -­‐>	
  alveolar	
  fricaVves	
  

•  DeleVon	
  (of	
  segment,	
  of	
  syllable)	
  
– Consonant	
  cluster	
  simplificaVon	
  


