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Introduction

Much work on inflectional morphemes ←→ semantic features

English past tense
German noun plurals

How do children learn what semantic features are marked?

Hypothesis: learning what is marked as a prerequisite to learning
how it is marked

Sarah Brogden Payne (Penn) The Acquisition of Morphological Marking LING300 Dec 2, 2021 2 / 41



Introduction

Much work on inflectional morphemes ←→ semantic features

English past tense

German noun plurals

How do children learn what semantic features are marked?

Hypothesis: learning what is marked as a prerequisite to learning
how it is marked

Sarah Brogden Payne (Penn) The Acquisition of Morphological Marking LING300 Dec 2, 2021 2 / 41



Introduction

Much work on inflectional morphemes ←→ semantic features

English past tense
German noun plurals

How do children learn what semantic features are marked?

Hypothesis: learning what is marked as a prerequisite to learning
how it is marked

Sarah Brogden Payne (Penn) The Acquisition of Morphological Marking LING300 Dec 2, 2021 2 / 41



Introduction

Much work on inflectional morphemes ←→ semantic features

English past tense
German noun plurals

How do children learn what semantic features are marked?

Hypothesis: learning what is marked as a prerequisite to learning
how it is marked

Sarah Brogden Payne (Penn) The Acquisition of Morphological Marking LING300 Dec 2, 2021 2 / 41



Introduction

Much work on inflectional morphemes ←→ semantic features

English past tense
German noun plurals

How do children learn what semantic features are marked?

Hypothesis: learning what is marked as a prerequisite to learning
how it is marked

Sarah Brogden Payne (Penn) The Acquisition of Morphological Marking LING300 Dec 2, 2021 2 / 41



Proposal

Child utilizes collisions: single word appearing in multiple different
inflected forms

e.g. the child hearing both walk and walks may cause them to learn
that English marks the third singular

Combine this with the Tolerance Principle (Yang, 2016): children
generalize rules when it’s more efficient to do so

Single collision insufficient evidence for marking

Recursively subdivide input to determine which features are marked

This approach shows promise on typologically diverse morphologies:

English verbs
German nouns
Spanish verbs
Hebrew verbs

Sarah Brogden Payne (Penn) The Acquisition of Morphological Marking LING300 Dec 2, 2021 3 / 41



Proposal

Child utilizes collisions: single word appearing in multiple different
inflected forms

e.g. the child hearing both walk and walks may cause them to learn
that English marks the third singular

Combine this with the Tolerance Principle (Yang, 2016): children
generalize rules when it’s more efficient to do so

Single collision insufficient evidence for marking

Recursively subdivide input to determine which features are marked

This approach shows promise on typologically diverse morphologies:

English verbs
German nouns
Spanish verbs
Hebrew verbs

Sarah Brogden Payne (Penn) The Acquisition of Morphological Marking LING300 Dec 2, 2021 3 / 41



Proposal

Child utilizes collisions: single word appearing in multiple different
inflected forms

e.g. the child hearing both walk and walks may cause them to learn
that English marks the third singular

Combine this with the Tolerance Principle (Yang, 2016): children
generalize rules when it’s more efficient to do so

Single collision insufficient evidence for marking

Recursively subdivide input to determine which features are marked

This approach shows promise on typologically diverse morphologies:

English verbs
German nouns
Spanish verbs
Hebrew verbs

Sarah Brogden Payne (Penn) The Acquisition of Morphological Marking LING300 Dec 2, 2021 3 / 41



Proposal

Child utilizes collisions: single word appearing in multiple different
inflected forms

e.g. the child hearing both walk and walks may cause them to learn
that English marks the third singular

Combine this with the Tolerance Principle (Yang, 2016): children
generalize rules when it’s more efficient to do so

Single collision insufficient evidence for marking

Recursively subdivide input to determine which features are marked

This approach shows promise on typologically diverse morphologies:

English verbs
German nouns
Spanish verbs
Hebrew verbs

Sarah Brogden Payne (Penn) The Acquisition of Morphological Marking LING300 Dec 2, 2021 3 / 41



Proposal

Child utilizes collisions: single word appearing in multiple different
inflected forms

e.g. the child hearing both walk and walks may cause them to learn
that English marks the third singular

Combine this with the Tolerance Principle (Yang, 2016): children
generalize rules when it’s more efficient to do so

Single collision insufficient evidence for marking

Recursively subdivide input to determine which features are marked

This approach shows promise on typologically diverse morphologies:

English verbs
German nouns
Spanish verbs
Hebrew verbs

Sarah Brogden Payne (Penn) The Acquisition of Morphological Marking LING300 Dec 2, 2021 3 / 41



Proposal

Child utilizes collisions: single word appearing in multiple different
inflected forms

e.g. the child hearing both walk and walks may cause them to learn
that English marks the third singular

Combine this with the Tolerance Principle (Yang, 2016): children
generalize rules when it’s more efficient to do so

Single collision insufficient evidence for marking

Recursively subdivide input to determine which features are marked

This approach shows promise on typologically diverse morphologies:

English verbs
German nouns
Spanish verbs
Hebrew verbs

Sarah Brogden Payne (Penn) The Acquisition of Morphological Marking LING300 Dec 2, 2021 3 / 41



Outline

1 Background

2 Proposed Method

3 Results
English Verbs
German Nouns
Spanish Verbs
Hebrew Verbs

4 Conclusions & Future Directions
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Background: Structural Challenges

Productivity exists despite exceptions to rules

e.g. -ed is productive despite went, felt, was

Processes may be productive on subsets of the input

e.g. German noun plurals: multiple suffixes productive on
phonologically + gender-conditioned subsets

Frequency 6= productivity

e.g. German plural default suffix -s is the least frequent

Typological diversity: morphological acquisition across templatic,
agglutinative, and fusional languages
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Background: Previous Models

Previous models have tried to account for these patterns

Past Tense Debate led to a plethora of models of English past tense
acquisition

Tolerance Principle (TP) (Yang, 2016) gives an account of English
Past Tense acquisition & other morphological paradigms

Payne et al. (2021) apply TP to Spanish and English verbal morphology
Belth et al. (2021) apply TP to German nouns and English verbs
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Background: Previous Models

As of yet, no single model can account for the acquisition of morphology
across a typologically diverse set of languages.
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Background: Languages

We choose four representative test cases:

English Verbs: well-studied concatenative, non-agglutinative case

German Nouns: productivity on subsets and most frequent 6= default

Spanish Verbs: exhibits agglutinativity and fusionality

Hebrew Verbs: well-studied templatic morphology
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Background: English Verbs

Developmental Regression

Figure: Adam’s Learning of the English
Past Tense (Marcus et al., 1992)

Order of acquisition (Brown, 2013;
Berko, 1958):

1 Present progressive (-ing) early

2 third singular later (usually
before past but sometimes after)

3 exception-laden past last
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Background: German Nouns

Different problem: all suffixes have same semantic value (plural)

Default -s least frequent in input

No clear order of acquisition
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Background: German Nouns

Review of overgeneralization by Kauschke et al. (2011)
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Background: Spanish Verbs

Developmental Regression

Figure: Maria’s Finiteness marking in
Spanish (Clahsen et al., 2002)

Order of acquisition (Clahsen
et al., 2002; Montrul, 2004):

1 Finiteness & person marking
around 1;7

2 Number marking around 1;7-2;0

3 Tense by 2;0-2;2

4 Mood between 1;7-2;2
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Background: Hebrew Verbs

Order of acquisiton (Bat-El, 2014; Lustigman, 2013)

Person, number and gender emerge before tense

The order of person vs. number varies

Gender appears at the same time or before number
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Outline

1 Background

2 Proposed Method

3 Results
English Verbs
German Nouns
Spanish Verbs
Hebrew Verbs

4 Conclusions & Future Directions
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Proposed Method: The Tolerance Principle

Intuition:

If many items do something, then all do it

If few items do something, memorize the ones that do
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Proposed Method: The Tolerance Principle

Formalize this by computational efficiency: a rule R applicable to N items
with e exceptions is productive iff:

e ≤ N

lnN
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Proposed Method: Applying the Tolerance Principle

Idea: utilize collisions: a single word appearing in multiple forms.

e.g. a child hearing walk and walked may be a cue that their language
marks the past tense
A single collision is not sufficient evidence
Define sufficient with Tolerance Principle
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Proposed Method: Collisions & Recursion

Input taken in incrementally

When there is a collision between inflected form A and B:

n = number of words appearing in the less-frequent inflected form (say
A)
e = number of those words that do not appear in form B with a
different inflected form

Another way to say this: words that follow the rule = ones that
appear in both A and B and the A inflected form 6= the B inflected
form
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Proposed Method: Collisions & Recursion

If the collision passes the TP,
then we divide the input based
on the difference in semantic
features between the two
inflected forms.

e.g. if there is a collision
between PST,3,SG and
PRS,3,SG, we subdivide based
on PST vs. PRS

We do this recursively and
incrementally, creating a tree

70

72

 -V.PTCP

leaf 0

 +V.PTCP

100

 -SG

82

 +SG

leaf 2

 -PST

leaf 1

 +PST

239

 -3

449

 +3

leaf 4

 -PST

leaf 3

 +PST

leaf 6

 -PST

leaf 5

 +PST

Figure: Example tree from our model
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Proposed Method: Data

Extract most frequent forms from CHILDES

Most frequent forms more likely to be added to vocabulary early

Intersect these with semantic features from UniMorph (Kirov et al.,
2018)

Example input: go, going, V;V.PTCP;PRS

Challenging for Hebrew
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Results: Intrepreting Recursion Trees

Numbers in nodes = vocabulary size at time of subdivision

+/- features = split features used

“Leaf” label = no more possible subdivisions found
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Results: English Verbs
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Results: German Nouns

79

leaf 1

 -SG

leaf 0

 +SG

Figure: Caption
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Results: Spanish Verbs
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Results: Hebrew Verbs
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Conclusions

We presented a recursive model able to learn what features are
marked across a typologically diverse set of languages

Works across these languages because only considers inequality
between inflected forms.

This model matches well with developmental findings and provides
interpretable results regarding order of acquisition.
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Future Directions

Now that we know what is marked, learn the processes themselves!

For languages like German & English, we can apply the model of
Belth et al. (2021) to map between e.g. singular and plural

For Spanish and Hebrew, open question
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Thank you!!
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