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The learnability problem

How do humans acquire rich knowledge from poor input?

Has been debated in philosophy (e.g., empiricism vs. rationalism)

Fundamental to theories of Cognitive Science (e.g., nature vs. nurture)

Language Learning is an important historical and modern case
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Learnability cannot be tested directly in the lab

- Language develops over years — we cannot intervene on children’s environment
- Animal models can allow manipulation of experience (e.g., perception, memory)

- No “Animal model” for language !



We use an artificial model
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Two-Alternative Forced Choice

Fic. 1. Pictures illustrating a grammatical contrast. Left, “The sheep is jumping”;
right, “The sheep are jumping.”
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Challenges
- Grammaticality of children’s open-ended production in dialog: Tools to scale analysis

- Simulation of interactive learning: faithfulness to caregiver learning signal
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Analysis of error types in children’s ungrammatical utterances

Category Description Examples Frequency

(fine-grained) (Number)

subject Missing subject “Is hot?”, “Going there.” 17.7% (322)

object Missing object “Can we look for.”, “I like.” 6.4% (116)

verb Missing verb (incl. copula) “This yours.”, “Because it.” 14.7% (267)

possessive Missing or wrong use of pos- “What’s the other boy name?” 1.4% (26)
sessive “Where is Julia house?”

plural Wrong plural form or use “No | like mans.”, “More truck.” 0.9% (17)

sv_agreement Subject-verb agreement errors “He want cake.”, “She are 3.4% (61)

happy!”

tense_aspect Wrong tense or aspect inflec- “He’s forgot me.”, “She falled 7.9% (143)
tion of a verb over.”

determiner Missing or wrong determiner “Blue wheel.”, “A ice cream?”  18.8% (342)

preposition Missing or wrong preposition “| want see it.”, “Give it me!” 4.1% (75)

auxiliary Missing or wrong auxiliary verb  “We not to put them away.”, 11.4% (207)

“Someone been crashed.”

present_ Wrong present progressive ‘It coming.”, “What’s he say?” 4.3% (78)

progressive form

other Any other kind of grammatical “Many money!” (many/much) 8.9% (162)
error “Why it’s falling?” (word order)

“‘My want to eat” (wrong case)

Nikolaus, Agrawal, Kaklamanis, Warstadt, & Fourtassi (2024). LREC



Analysis of error types in children’s ungrammatical utterances
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Analysis of error types in children’s ungrammatical utterances

Not the error profile targeted
by BLIMP and Zorro

agr. det.-noun
agr. subject verb

At least 40% of errors oraphoragr.

involve omission of an VS.  binding

obligatory grammatical 3t
element! el

local attractor
npi licensing
quantifiers

Nikolaus, Agrawal, Kaklamanis, Warstadt, & Fourtassi (2024). LREC



“He falled”

N

“He falled” W -4//»,\,, A\\‘\s
e \ .
Social w” A A Social
- ocia e Feedback
Feedback " 1w u\\\',,»i‘
~—_ \\\v/"'““\w/' o ™~

Challenges
- Grammaticality of children’s open-ended production in dialog: Tools to scale analysis

- Simulation of interactive learning: faithfulness to caregiver learning signal



Learning Grammar Through Feedback?

Caregivers do not often provide explicit corrective feedback on children’s grammatical errors

Brown and Hanlon (1970)

However, they provide probabilistic cues—whether consciously or unconsciously —that correlate

with grammatical status of the child’s utterance
Sokolov and Snow (1994), E. Clark (2020)

Open question: Do these cues—as they occur naturally in children’s
experience —provide helpful positive and negative evidence in learning?



Case study: Clarification request as negative evidence

- Child: "Need some milk.”
- Caregiver: “Hm?”
- Child: “I need some milk”

— EllisWeismer corpus, LT/42pc/22175.cha
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Case study: Clarification request as negative evidence

- Child: "Need some milk.” [subject omission error]
- Caregiver: “Hm?” [clarification request]
- Child: “I need some milk”  [child corrects the error]

— EllisWeismer corpus, LT/42pc/22175.cha

Negative input can help the child abandon an ungrammatical option
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s there a potential learning signal in caregiver naturally occurring feedback ? «
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her job is crying fell felix’s head? 0.73 big bird, me. 0.87 hello, you want to hold it? 0.95
that is a weekend. 0.89 it is disgusting, yep. 0.93 he doesn’t throw that on top please. 0.94
they are right, you have to throw it 0.94 i am not like some more gas chips, 0.88 do you like to try your hand? 0.94
vegetables? let’s see. yeah, this is very good, let’s look at 0.96
here is your unhappy, they are right. 0.87 what does daddy have? 0.91 me.
i will be right back there. 0.93 well are you pushing the spoon? 0.94 because 1 don’t know you. 0.94
what do we say? 0.95 there is your eyes too. 0.9 it is not in there, huh? 0.95
alright put that one on top honey 0.93 hold your party, huh. 0.92 let’s see. 0.96
nomi. and um you thought round. 0.9 that is good isn't it. 0.95
1 never two coffee. 0.7 hey lily, 1 am going to go off sweetie, 0.88 what a good pumpkin, trade, for 0.92
a sudden sky is a field. 0.78 they are going slimy. you?
i love it. -1.0 you spit her long. 0.83 snow white, right. 0.93
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Conclusion

- Minimal-pair benchmarks test whether a learner can discriminate grammatical from
ungrammatical forms

- Production-based evaluation asks a different question:
What language can the learner generate, and what errors does it make?

-Production provides access to naturally emerging error profiles and their
development

- It offers a complementary way to evaluate grammar learning in children and models



Open questions

How does production-based grammaticality relate to performance on benchmarks such as
Zorro and BLIMP?

How should we measure the coverage, frequency, and severity of errors in open-ended
generation?

Can production-based measures be standardized into reliable developmental benchmarks?
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