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6.507/7 Lecture 2

* For animals: Biology+Experience = what you know

* A general research strategy: How “poverty of stimulus” argument for
bees extends to baby talk

* You can’t learn something unless...

* How babies learning to talk is like/unlike honeybee learning to
navigate

* How to combine statistics with biology

* Infant = in+fant = ”"no language”

* By end of the hour, you'll learn part of how infants learn (part of)
language — the language sound system and something about how
infants learn (part of) the sound system of their language

* Like honeybees, and unlike honeybees: combine methods from
statistics, and a universal, apparently pre-existing innate constraint

* In general, babies are like songbirds, at least for learning a sound
system



Learning from Small (or almost no) Data Method
Honeybee (Apis), solar ephemeris function
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The honeybee learning picture

Experience from flight ——— & o+ What’s initially in brain =

Final state = Biology + Experience | APTR I

6 8 10 12 14 16 18
Local Solar Time

Key g: How much biology? How much experience?

How is this any different?

Py \
(sounds) v ) . .
— ' - + what’s in brain?
- Any Learning System

Initial State

1.
( ¢ 2. Final State
‘ 3. External experience
- a4 4. Learning algorithm

Is language acquisition experience driven?
Biology driven? How much experience? How much bio?



Biology + Experience = Final State
suggests a research strategy...

(Pharoah Psamtik | did the experiment....)
[without IRB approval...]
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If no experience, revert to “ground genomic state” or
“wild type”; this tells us what’s there at the start
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Reversion to “Wild type” without experiential input:
Zebra finch

Isolate tutor

Pupils of succeeding generations &

Frequency (kHz)
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O Fehér et al. Nature 000, 1-5 (2009) doi:10.1038/nature07994 na,ture



Initial state, human babies

typical French cry typical German cry

—~ o
Frequenz [kHz]

Amplitude
LY
&=

Source: Mampe, Friederici, Christophe & Wermke, Current Biology, 2009

Human stages
sound system

Stages of prespeech vocal development

1. Reflex to Cooing: ‘vegetative’ sounds, crying
(in rhythmic pattern of mother’s language), ...
2. Precanonical: Syllables ma, ...

3. Canonical: Repetitive babbling: na-na

4. First words

Let’s illustrate.

0 weeks

6-8 weeks

16 weeks

36 weeks

48 weeks

reflexive crying, biological-based
sounds

cooing

vocal play begins

reduplicated/canonical babbling

nonreduplicated babbling

First Word
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Eng-NA-MOR/Brent/c1/c1-0917.cha | CHILDES Transcript Browser

> |« | + @ childes.psy.cmu.edu [ Reader JK=)
M  Index of /~..r1/OpenStep Can the Pi-t...berryPi? - 4 Can the Pi-t..aspberryPi? 65083 Class Home Economics a... York Times Corpus of C...lish (COCA) Recursive D...nt Treebank Minimalist Machine coalescent.dk »
VSTAPP [ nuanc | supple. | minhla. /~rdiet | /NexTh | heps:/. people.. Linking | Beyond | Eng-N | Minima Release. »| + [m
CHILDES/ Eng-NA-MOR/ Brent/ c1/
© ¢1-0902.cha 47 [+] 0 @Loc:  Eng-NA-MOR/Brent/c1/c1-8917.cha
© ¢1-0917.cha ¥7 [ 1 @PID:  11312/c-00015454-1
o ¢1-0930.cha ¥7 [+] 2 @Begin
o c1-1014.cha 7 3 @Languages: eng
o ¢1-1027.cha 7 [+] 4 @Participants: CHI Morgan Child , MOT Brenda Mother
o o1-1129.cha 7 [+] 5 @ID: eng|Brent|CHI|0;9.17|female|||Child] ||
o 1-1207.cha 7 [+] 6 @ID: eng|Brent|MOT| ||| |Mother| ||
o c1-1217.cha 7 7 @Bll‘?h of CHI:. 28-MAR-1?96
) o 8 @edia: cl-t14jan97, audio
o=el:1308:cha “4[%) 9 @bate: 14-JAN-1997
© c1-1321.cha 4/ [+] 10 *MOT: pull it up yoursel(f) ! »
SSETEI, 11 smor: v|pull pro|it prep|up pro:refl|yourself !
© c11417.cha 04 12 =%gra:  1|0|RO0T 2|1|0BJ 3|1|ICT 4|3|P0B] 5|1|PUNCT
© ¢1-1504.cha ¢¢ 13 *MOT: hands up ! >
14 %mor:  v|hand-3S adv|up !
15  %gra: 1|0|ROOT 2|1|3CT 3|1|PUNCT
16 *MOT: hands up ! >
Command line: Eng-NA-MOR/Brent/c1/ 17 S%mor: v|hand-3S adv|up !
chains ¢ Run | 18 %gra:  1[0|ROOT 2|1|JCT 3|1|PUNCT
Continuous playback: On:(s) | Off: 19 *MOT: now hands out ! »
Dependent tiers: %add: ¥ | %gra: ¥ | %mor: ¥ | 26 %mor:  adv|now v|hand-3S adv|out !
e 21 %gra:  1]|2|3CT 2|0|ROOT 3|2|JCT 4|2|PUNCT
B 2 *MOT: there we go &=noise . >
23 %mor: adv|there pro:sub|we v|go .
24 %gra:  1]|3|JCT 2|3|SUBJ 3|0|ROOT 4|3|PUNCT
25 *MOT: what are you doing &=noise ? >
26 S%mor: pro:wh|what aux|be&PRES pro|you part|do-PRESP ?
27 %gra: 1|4|LINK 2|4|AUX 3|4|SUBJ 4|0|ROOT 5|4|PUNCT
28 *MOT: you pointing at me ? »
29 %mor: pro|you part|point-PRESP prep|at pro:obj|me ?
30 %gra: 1|2|SUBJ 2|0|RO0T 3|2|ICT 4|3|POBJ 5|2|PUNCT
31 *MOT: hey . >
32 %mor: co|hey .
33 swgra:  1|0|INCROOT 2|1|PUNCT
34 *MOT: hey I'll point at you too . >
35 %mor: co|hey pro:sub|I~mod|will v|point prep|at pro|you post|too .
36 %gra:  1|4|COM 2|4|SUBJ 3|4|AUX 4|0|ROOT 5|4]|JCT 6|5|POB] 7|6|PQ 8|4|PUNCT
37 *CHI: &=vocalize . 4
38 *MOT: let's wash that hand ! >
o sgor: Lotonro:-ohil Luach dotlthat nihand |

Compression of conversational speech—
Poverty of the lexical (word) stimulus

Play first

Play second

/\.

-7

Play fourth
Play third

Courtesy Warner and Tucker



9/13/17

Compression of conversational speech—
Poverty of the lexical (word) stimulus

® ®

Gonna hafta = Chillinn’the =

Going to have to Chilling in the

Courtesy Warner and Tucker

Notice that this small “four word” excerpt
becomes totally clear from the speech that
follows it

Yet our conscious percept is that we analyzee the initial fragment, as
we hear it

This rehabilitates the notion of “psychological moment”, in which
unconscious processes move back and forth, but the percept is linear

Play first
Courtesy Warner and Tucker



animal model for human learning?
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Bengalese finch 05 10 15 20 30
(Lonchura striata domestica)
Source: K. Okanoya, 2003 B

4&

warble

warble rattle
—) |——

What's the same?

* “Critical period” for learning from external experience

* Babbling (subsong), practice & self-practice

* Plasticity frozen at puberty (by hormonal change — testosterone)
* Left-lateralization for system

* Brain circuitry control

* Beads on a string structure

9/13/17
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A SONGBIRD
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Human (and animal?) sound system like a
“tweaked template” system — 8 “dials”

The Articulatory System
1.
2.
3.

0 W N O U A

Lips
Teeth

Alveolar ridge (tooth ridge/
gum ridge)

. Hard palate (roof of the mouth)
. Soft palate (velum)
. Nasal passage

. Tongue

Jaw

. Vocal cords

9/13/17
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Table 1. Distinctive Features of American English Consonants
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soft palate
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lower teeth ” ’) \ Table 2. Distinctive Features of American English Vowels
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Fig.01 / \ N
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Hard palate .5 palate (velum) “root"
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Jaw mmp [#round]/” [coronall [thigh] [dorsal] (vdiced]
[+anterior, [+low] [tback] ‘=
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(Vocal folds) [+lowest]
Table 1. Distinctive Features of American English Consonants
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- - - - - + + + + + - - back

- - - - - + + + + - - - rounded
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The simplest linear patterns = regular

ba:d - bat; de:g - dek (Heinz, 2007)
fi:tz, *fiite:z
(Chandlee & Jardine, 2013)

Lonchura striata domestica. Source: K. Okanoya, 2003

Birdsong & human sound systems:
what’s the same?

Bengalese finch
(Lonchura striata domestica)
Source: K. Okanoya, 2003

In well formed wi ilants agree in the feature [anterior].

never preceded by

Examples (S: and Hojier 1967):

1. [iters ‘we (dual) are lying
2. dasdoilis  ‘he (4th) ha: oot raised”

3. iteiz (hypothetical)
4. *dasdo:lif  (hypothetical)

14



Sound system Components:
birds & people
“Beads on a string” model:

1. Beads — chunks or “states” that are categorical classes (remember: “s-
sh"

2. Linear sequence — one state follows another, in constrained way
(e.g., “slo” starts a possible English word, but “rdz” does not)

= A finite-state automaton

Categorical production and perception

Today: Let’s address just one part of that: how do we find the "chunks” in
the input at all?

twasbrilligandtheslithytovesdidgyreandgimbleinthewabe
ekalaloakapaiiaokekahikolamuolelokanakamalokoonanipepe
czarnelubrdzawegontowestrzechyiarkikryjgcewsobiezakopcone

twas brillig and the slithy toves did gyre and gimble in the wabe
e kala loa ka pai ia o kekahi kolamu 6lelo kanaka ma loko o na niipepa
czarne lub rdzawe, gontowe strzechy i arki kryjgce w sobie zakopcone

9/13/17
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Challenge: segmentation
twasbrilligandtheslithytovesdidgyre

{pabiku, tibudo,golatu,daropi}

pabikutibudodaropipabiku

’ \
tibudodaropitibudodaropi —_— )
pabikudaropipabikugolatu "/

e

tibudogolatutibudogolatu
golatudaropipabikutibudo
daropigolatudaropipabiku
tibudogolatudaropigolatu
daropigolatupabikutibudo
pablkutlbudodaroplgolatu"

pigola daropi  tudaro

Challenge: Combining Inference with Cognitive Constraints
(How real people solve real problems can help real computers)

Problem: twasbrilligandtheslithytovesdidgyreandgimble

“Standard” solution: prettybaby pre-ty-ba-by
Graph of transition probabilities (tp): Pr(x,,|x,) & look for local
minima or threshold

“Standard” claim: works great; “stats is all you need” (Science, 1996)

pabiku tibudo daropi 9olatu daropi

pabikutibudodaropigolatu..
Pr(bi|pa)=1.0; Pr(ku|bi)=1.0; Pr(ti|ku)=0.3,
Pr(bu|ti)=1; Pr(do|bu)=1.0; Pr(daldo)=0.3
Pr(ro|da)=1; Pr(pi|ro)=1.0; Pr(go|pi)=0.3
Pr(la|go)=1.0; Pr(tu|la)=1.0 ..
Works great? NO!!!
pabiku

pigola—> pi golatu

16



® QuickTime Player File Edit View Window

Help

® @ 9O Z 100%5Ek 4) Mon5:24PM ESus. 3  berwick Q

cha | CHILDES

Eng-NA-MOR anscript B
7| | < | + @ childes.psy.cmu.edu ¢ @ (3]
m Index of /~..r1/OpenStep Can the Pi-t.berryPi? - 4 Can the Pi-t..aspberryPi? 65083 Class Home Economics a... York Times Corpus of C...lish (COCA) Recursive D...nt Treebank Minimalist Machine coalescent.dk »
VSTAPP. HUANG. supple minhla ~rdiet NexTfi https: people. Linking Beyond Eng-N Minima Release > =
CHILDES/ Eng-NA-MOR/ Brent/ c1/
o ¢1-0902.cha 2 @Loc:  Eng-NA-MOR/Brent/c1/c1-0917.cha
o ¢1-0917.cha 7 @PID:  11312/c-00015454-1
© ¢1-0930.cha #7 @Begin
o ¢1-1014.cha 7 @Languages: eng
o ¢1-1027.cha 7 @Participants: CHI Morgan Child , MOT Brenda Mother
o 1B @ID:  eng|Brent|CHI|0;9.17]|female|||Child]]]
o ¢1-1207.cha 67 @ID: eng|Brent|MOT| ||| |Mother| ||
o c1-1217.cha 7 @Blr?h of CHI:. 28-MAR-1996
o @edia: cl-t14jan97, audio
oScl:1300icha %4 @ate: 14-JAN-1997
© c1-1321.cha ¢¢ *MOT: pull it up yoursel(f) !
eSgi1az.chan gu %mor:  v|pull pro|it prep|up pro:refl|yourself !
© c11417.cha 04 %gra:  1|0|ROOT 2|1|0B] 3|1|JCT 4|3|POBJ 5|1|PUNCT
© c1-1504.cha 7 MOT: hands up !
%mor: v|hand-3S adv|up !
%gra:  1|0|ROOT 2|1|JCT 3|1|PUNCT
*MOT: hands up !
Command line: Eng-NA-MOR/Brentic1/ smor:  v|hand-3S adv|up !
chains ¢ Run %gra:  1|0[ROOT 2|1|JCT 3|1|PUNCT
Continuous playback: On:(+) | Off: *MOT: now hands out ! >
Dependent tiers: %add: ¥ | %gra: ¥ | %mor: ¥ | %mor:  adv|now v|hand-3S adv|out !
T %gra:  1]2|JCT 2|@[ROOT 3|2|ICT 4|2|PUNCT
*MOT: there we go &=noise . ’
%¥mor:  adv|there pro:sub|we v|go .
%gra:  1|3|JCT 2|3|SUBJ 3|0|ROOT 4|3|PUNCT
*MOT: what are you doing &=noise ? g
%mor: pro:wh|what aux|be&PRES pro|you part|do-PRESP ?
%gra:  1|4|LINK 2|4|AUX 3|4|SUB] 4|0|ROOT 5|4|PUNCT
*MOT: you pointing at me ?
%mor: pro|you part|point-PRESP prep|at pro:obj|me ?
%gra:  1|2[SUBJ 2|0|ROOT 3|2|JCT 4|3|POB] 5|2|PUNCT
*MOT: hey .
%mor: co|hey .
%gra:  1|0|INCROOT 2|1|PUNCT
*MOT: hey I'll point at you too .
%mor: co|hey pro:sub|I~mod|will v|point prep|at pro|you post|too .
%gra:  1|4|COM 2|4|SUBJ 3|4|AUX 4|0|ROOT 5|4|JCT 6|5|POBJ 7|6|PQ 8|4|PUNCT
*CHI: &=vocalize .
*MOT: let's wash that hand ! »
saor: Lot -ahiluc ylyach dotlthat olhand |

Phonetically transcribed mother’s speech to
“Adam” fed to segmentation program

“CMU pronunication dict”:
http://www.speech.cs.cmu.edu/cgi-bin/cmudict

1= primary stress
U= utterance end

Big drum.

Horse.

Those are checkers
bihlgdrahlmuU
hhaolrsU
dhow1lzaalrchehlkerzU

9/13/17
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Actual results on actual speech to children? works lousy!
What’s the answer? But, add a ONE universal constraint
about human language and it works GREAT!

Precision and Recall, Pure Stat
Interference vs. Stat Inference + UG,
250,000 child-directed examples

120 Using the universal constraint

100 | 95.9 934

transitional statistics

80 A

60 -

Percent

40 |

20 A

0 4

- SI true positives SI-UG
e precision = [rue p

ol —

true positives
true positives + false negatives

What IS this ONE universal constraint???? HINT: you all know it!

e recall =

Summary for today

* Small data for small minds: Statistics can be profitably

combined with pre-existing (“innate”) constraints, even in
humans

* Sound system for language looks like a (bit more complex
version) of “tweaked template” as in honeybee navigation

* Correct representation key to learning success

9/13/17
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