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EECONS | RUCTIVIST MO,

The constructivist theory of learning (from previous talk):

e Gradual construction of grammar on the basis of input

* Language rules constructed in the course of
development

e First rote-stored forms, then low-freq ones

* Low overall error rate in production BUT higher error
rates in certain parts of the paradigm

A neural network model is a constructivist model!



A NEURAL NETWORK MODEL

matf+1pl >< Q matfami
buduj+1sg », @ budujg
GEaE+t3)3.p| 5 < < ceaizyv :
€7+ ordw
JE3+SP >< >< J
3uts+3pl > > 3utsajdw
VjEz+2sg \ \_/ VjezE[

Purely input-based learning
Naturally sensitive to frequency of presentation
No a priori assumptions about rules or mechanisms or similarities

Rule-like behaviour emerges from abstraction over input
regularities (in the hidden layer)



2UES TIPS

e Can a purely exposure-based mechanism
learn Finnish and Polish verb intlection?

e Are simulated error patterns similar to
children’s?

e Are model errors predicted by form
frequency and phonological neighbourhood

density (PND)?



TRAINING PROCEDURE

matf+1pl ><< g;; matJami
buduj+1sg >< >< budujg
cedz+3pl < < cedz3w
bjez+3pl >< >< bjordw
3uts+3pl < < ~ 3utsajsw
Vj€z+2sg \ \_/ VjezE[
INPUT HIDDEN OUTPUT
IBE Stfm Inflected form

inflection request
CCCVVCCCVVCCCVYV C.C CVV:CCCW ViC CCvvlcieiehaiciels

1le]i k: i Il leli k i t| |ee n

voiced closed
alveolar front
lateral vowe 1

e Verb forms from 800 verbs were presented probabilistically according
to CDS frequency

e Forms were presented as phonemes right-justified in syllable template



TRAINING PROCEDURE
I

verbs 800
person/number 1sg, 2sg, 3sg, pass, 2pl 1sg, 2s9, 3sq, 1pl, 2pl, 3pl
forms 1784 2431
exp. test forms 160 192
novel forms 165 (33 verbs) 306 (51 verbs)
input stem 4th inf. part. stem 3sg stem
B [ oo e
input units 70 138
output units 136 168
hidden units 200

e 10 networks in each language

e For a subset of verbs, one form each was withheld from training
(different for each network)
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o All forms acquired after seeing 3 million examples

e 93% of unseen forms correctly generalised



RESUL 1S OVERVIEVE

Finnish Polish
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o All forms acquired after seeing 3 million examples

e 93% of unseen forms correctly generalisec

e Stems harder in Finnish, suffixes harder in Polish

* Person/number target often correct but wrong suffix (class error)



ACCURACY & GENERALISATION BY CLASS

Percent correct forms
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RECURACY BY PERSON/NUINISES

Finnish Polish
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(red dots show person/number frequency in CDS)




SUFFIX ERROIRS

at training epoch with 75% correct suffixes

Finnish
300 A
i 200 - Error type
= " ClassError
S | HigherFreq
" Random
3 I
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Polish
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1sg ng 35g 1 2p| 3

+ class error: class 3 instead of
class 1 (77 errors)

target pn 1sg 2sg 3sg 1pl 2pl 3pl
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SUFFIX ERROIRS

at training epoch with 75% correct suffixes

Finnish

Zég Ség pa'ss 2pl

pn used

target pn 1sg 2sg 3sg 1pl 2pl 3pl
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Polish
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+ class error: class 3 instead of
class 1 (77 errors)

target pn 1sg 2sg 3sg 1pl 2pl 3pl
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EXFERIMENT

SUFFIX ERROIRS

at training epoch with 75% correct suffixes
Polish

Finnish

1§g Zég Ség pa'ss 2pl

pn used
target pn 1sg 2sg 3sg 1pl 2pl 3pl

1sg 3 39 4

2sg 33 8
3sg 1 5
1pl 0 18

2pl 5 40 18

Output PN
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. same
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+ class error: class 3 instead of

class 1 (77 errors)
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Percent correct forms

FRECQOUENCY AND FiNES
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Percent correct forms

FRECQOUENCY AND FiNES

LMM on activation error in training set, beginning when suffix accuracy at 75%

Finnish
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FRECQOUENCY AND FiNES

Polish
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LMM on activation error in test set, beginning when suffix accuracy at 75%
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* We cannot see the network’s ‘rules’ but we can see its verb categories in
the hidden layer.

* Verbs represented similarly in the hidden layer lead to similar behaviour.

e We calculated the differences between hidden layer activations for all
verb forms and clustered them hierarchically.
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COMPARISON WITH EXPERIMENT

Error rates predicted by freq of ‘ready-

v
v
v

Most p/n errors are class errors. Some

inflected’ forms (token freq).

Error rates lower for verbs with more
phonological neighbours (PND).

P/n marking errors higher in lower freq
contexts.

Most p/n erros involve use of higher . . .
, involve high-freq. forms in low-freq.

freq forms in lower freq p/n contexts.
contexts.

Low-frequency forms benefit more
No interaction between PND and 2 5
from PND than high-frequency forms
frequency? .

(in later development).

Low-frequency inflections are acquired
ater.



S INCLEUSICINS

e A common exposure-based (constructivist)
mechanism can learn complex verb inflection
cross-linguistically.

e Error patterns are similar to children’s errors.

 Model errors predicted by token frequency
and phonological neighbourhood density.
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