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SCIENCE

Study Reveals: Babies Are Stupid

LOS MNGELES— gurprining relaasad Monday by UCLA's Tnstiute For Child Devel
revesied that human babies, mmwwgumbmmnm e
actually extraordinarily stupid.

The study, an 18-month battery of inteligence tests
‘admiristered to over 3,500 babies, concuded
catagoricall that bables are “so efupid, I not even
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“Over 90 percent of
them, when poked,
failed to make even
rudimentary attempts
to defend
themselves.”
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Rethinking innateness (Elman et al., 1996)

What does it mean to say a behavior (or knowledge) is
innate?

@ Brain is highly structured at birth and continues to
develop/mature through adolescence

e But not enough room in the genome to code
complex knowledge (about 99% shared between
humans and chimps/bonobos)

@ Experience is rich and massive and begins before birth

@ All complex behavior emerges from the interaction
of structure and experience

“That which is inevitable need not be innate.”
— Jean Piaget

Jeffrey L. Elman

Elizabeth A. Bates
loff-Smith

Kim Plunkett

Rethinking Innatéesg;
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Object permanence: A-not-B error




Object permanence: A-not-B error




Object permanence

@ When a toy is moved and hidden, young children will continue to search in the old

location, even though much younger infants “know” that hidden objects continue to exist
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Object permanence (cont.)
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Munakata et al. (1997)

Puzzle: Why do infants show sensitivity to occluded
objects and show an ability to retrieve objects but fail
to retrieve occluded objects?

@ Perhaps infants “know” the occuluded object

exists but lack the means-ends ability to retrieve it.

Munakata et al. trained 7 mo infants to retrieve distant
objects lying on a towel, separated by a transparent or
opaque barrier

@ Infants had no difficulty retrieving object viewed
through transparent barrier

@ Lack of “object permanence” when reaching (vs.
looking) not due to differences in means-ends
demands

Percentage of Retrievals
2




Model (Munakata et al., 1997)
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Analysis of hidden representations
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Persistence of object information over occlusion steps

Similarity of Visible/Occluded Balls
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Memory for object “features”
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Memory for familiar vs. unfamiliar objects
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Dissociation of looking vs. reaching
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A “critical period" in language learning? (Elman, 1991)

26 S — NPVI.|NPVTNP.
NP — N | N RC
10 RC — who VI | who VT NP | who NP VT
N — boy | girl | cat | dog | Mary | John |
70 HIDDEN Yoo, copy boys | girls | cats | dogs

VI — barks | sings | walks | bites | eats |

10( i ) L( vcomuxr ) bark | sing | walk | bite | eat

VT — chases | feeds | walks | bites | eats |

2% chase | feed | walk | bite | eat

@ Simple recurrent network trained to predict next word in English-like sentences
o Context-free grammar, number agreement, variable verb argument structure, multiple levels
of embedding
e 75% of sentences had at least one relative clause; average length of 6 words.
e e.g., Girls who cat who lives chases walk dog who feeds girl who cats walk .

o After 20 sweeps through 4 sets of 10,000 sentences, mean absolute error for new set of
10,000 sentences was 0.177 (cf. initial: 12.45; uniform: 1.92)
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The importance of “starting small” (Elman, 1991)

@ Training was successful only when ‘starting small”

e Trained on only simple sentences before gradually introducing embedded sentences
o Trained on full language but with initially limited memory that gradually improved

o Consistent with Newport's (1990, Cog. Sci.) ‘less is more” hypothesis

e Child language acquisition is helped rather than hindered by maturational limits on cognitive
resources

Alternative Hypothesis: Need to start small was exaggerated by lack of important soft
constraints inherent in natural language
@ SRN's learn long-distant dependencies better when intervening material is partially
correlated with distant information (Cleeremans et al., 1989, Neural Comp.)
@ Soft semantic constraints—distributional biases on noun-verb co-occurrences across
clauses—provide such correlations
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Simulation 1: Semantic constraints (Rohde & Plaut, 1999)

@ Replication of Elman (1993) simulation with Intransitive _ Transitive _ Objects
addition of constraints on verb arguments Verb Subjects Subjects if Transitive
@ Parametric variation of reliability of semantic chase  — any any
. feed - human animal
constraints across clauses . bite  animal animal any
(A = none, ..., E = 100% rellable) walk  any human only dog
eat any animal human

@ Minor improvements in technical aspects of
. . . C e e bark  only dog - -
simulation (e.g., error function, initialization) sing  human or cat - _

Compared two training regimens:
o Complex: Trained on full language throughout
e 25 epochs through 10,000 sentences (75% complex)
e Simple: Trained incrementally
e 5 epochs on simple sentences; 5 on 25% complex; 5 on 50% complex; 10 on 75% complex
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Results: Prediction error
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o Disadvantage for “starting small” that increases with reliability of semantic constraints
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Relation to Elman’s (1993) results
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Simulation 2: Native vs. late bilingual acquisition

o Languages
e English: Analogous to language from Simulation 1

o German: German vocabulary (“hund” vs. “dog"), gender marking, case-marking in
masculine, verb-final relative clauses

e Phoneme-based input and output representations

e Training Conditions
e Monolingual: Trained on either English or German
@ 6 million sentence presentations sampled from corpus of 50,000 sentences
o Native Bilingual: Trained on both English and German (50/50)
@ 6 million sentence presentations sampled from two corpora of 50,000 sentences each
o Language selected randomly every 50 sentences

e Late Bilingual: Monolingual training followed by bilingual training

o Testing
o Late Bilingual tested on L2 (new sample of 5,000 sentences)

o All results counterbalanced for English vs. German
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Results: Acquisition
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@ Initial monolingual training impedes subsequent bilingual acquisition

@ Native bilingual acquisition is only slightly worse than monolingual acquisition
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Results: Early-bilingual acquisition
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@ Even relatively brief exposure to monolingual L1 impacts subsequent L2 acquisition
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Language learning: Conclusions

@ Introducing soft semantic constraints aids learning of pseudo-natural languages by simple
recurrent networks

e No need to manipulate training environment or cognitive resources

o Networks inherently learn local dependences before longer distance ones

@ Critical-period effects may reflect entrenchment of representations that have learned to
perform other tasks (including other languages)

o No need to introduce additional maturational assumptions (e.g., “less is more”)
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