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Introduction

Introduction

One of the major aspects of knowing a language is knowing how
to build words.

m How do English speakers know that the past tense of gois
went?

m How did English speakers agree that the plural of google
should be googled?

Productivity involves the latter question: how do speakers build
new words when simple lookup of stored forms is not an option?

m By studying productivity, we can learn about speakers’
knowledge of abstract patterns about their language

m This gives us crucial insight into the nature of the grammar

Tabachnick « Morphological productivity « OVA 2026 21750



Introduction

Course overview

m What is productivity?

m How do we test productivity?

m How do we model productivity?

m What patterns do speakers use productively?

Tabachnick « Morphological productivity « OVA 2026 3/50



The wug test

Outline

1. The wug test
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The wug test

The wug test

Berko (1958) famously invented the wug fest (often known today

as the nonce word test) to test productivity:

“In this study we set out to discover what is
learned by children exposed to English mor-
phology. To test for knowledge of morpho-
logical rules, we use nonsense materials. |[...]
If a child knows that the plural of witch is
witches, he may simply have memorized the
plural form. If, however, he tells us that the
plural of *gutch is *gutches, we have evi-
dence that he actually knows, albeit uncon-
sciously, one of those rules which the de-
scriptive linguist, too, would set forth in his
grammar.” (Berko, 1958, p. 150)
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THIS IS A WUG.
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NOW THERE IS ANOTHER ONE.

THERE ARE TWO OF THEM.
THERE ARE TWO
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The wug test

English plurals

The vast majority of English nouns take one of three plural forms
depending on the final consonant of the noun:

m [oz] after sibilants [s z [ 5 t[ d3] (glasses, watches)
m [s] after voiceless consonants [p tk f 0] (raps, bits)

m [z] after all other consonants [bdgvdmnyilwj] and
vowels (lids, bows)

On rare occasions, the plural is formed otherwise (different
allomorphs): men, women, oxen, sheep

Tabachnick « Morphological productivity « OVA 2026 6/50



The wug test

Adult performance
Adults were usually unanimous:

singular plural

‘wug’  wog wogz

‘heaf’  hijf hijfs / hijvz
‘lun’ lan lanz

‘tor’ to1 to1z

‘cra’ kra kraz

‘tass’ tees teesoz
‘gutch’ gotf gotfoz
‘kazh’  keey keezoz

‘niz’ niz nizaz
‘glass’  glees glaesaz

About half said [hijvz], following a fairly common pattern in
English: [najf] — [najvz] but [rijf] - [rijvz]
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The wug test

Child performance

Children ages 4-7 varied:

“correct” % “correct”
singular plural 4-5 5.5-7

wog wWogz 76 97
hijf hijfs/vz 79 80
lan lanz 68 92
to1 iz 73 90
kra kraz 58 86
tees teesoz 28 39
gotf gotfoz 28 38
kees keezoz 25 36
niz nizaz 14 33
glaes glesaz 75 99
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The wug test

Child performance

Children ages 4-7 varied:
“correct” % “correct” W™ Byage 6, children have
singular plural — 4-5 5.5-7 pretty much figured out [z]

wog wogz 76 97 and [s]
hijf hijfs/vz 79 80
lan lanz 68 92
o1 iz 73 90
kra kraz 58 86
tees teesoz 28 39
gotf gotfoz 28 38
kees keezoz 25 36
niz nizaz 14 33
glaes glesaz 75 99
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The wug test

Child performance

Children ages 4-7 varied:
“correct” % “correct” W™ Byage 6, children have
singular plural — 4-5 5.5-7 pretty much figured out [z]

wog wogz 76 97 and [s]

hijf hijfs/vz 79 80 m They have also learned the
lan lonz 68 92 plural of common words
to1 toi1z 73 90 ending in sibilants

kra kraz 58 86

tees teesoz 28 39

gotf gotfoz 28 38

kees keezoz 25 36

niz nizaz 14 33

glees glesoz 75 99
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The wug test

Child performance

Children ages 4-7 varied:
“correct” % “correct” W™ Byage 6, children have
singular plural ~ 4-5 5.5-7 pretty much figured out [z]

wog wogz 76 97 and [s]

hijf hijfs/vz 79 80 m They have also learned the
lon lonz 68 92 plural of common words
to1 toi1z 73 90 ending in sibilants

kra kraz 58 86 m But they continue to

tees teesoz 28 39 struggle with these words,
got[ gotfoz 28 38 confidently preferring
keez keezoz 25 36 plurals like [tees] and

niz nIzoz 14 33 sometimes [gat/s]

glaes glesaz 75 99
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The wug test

Summary

m There’s a difference between knowing the plural of a word
and knowing how to productively extend plural-making
principles to new words

m Adults apply all three of the “regular” processes, basically
without exception

m Some of the patterns take longer for children to learn than
others

m By manipulating properties of the target words, we can test
speakers’ understanding of different patterns
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Defaults, regulars, and overregularization

Outline

2. Defaults, regulars, and overregularization
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Defaults, regulars, and overregularization

Acquisition studies

The wug test can tell us a lot about how children learn language,
but it has some issues:

m It’s an artificial task, so people may do different things than
when they’re speaking naturally

m Every child learns at slightly different rates, so getting many
children at a single point in time can be unclear

An alternative is to track individuals over longer periods of time
m Children come into the lab at regular intervals

m The lab has a bunch of toys and their interactions with
caretakers are recorded

This gives us a more precise understanding of when children
learn things and in what order
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Defaults, regulars, and overregularization

English past tense

Much productivity work discusses the English past tense, which
has one “regular” pattern and a number of “irregular” patterns

base  past
‘climb’  klajm klajmd
‘stop’ stap  stapt suffix
‘melt’” melt meltad

‘hit’ hit hit no change

‘come’ kem  kejm

., vowel change

sing sIn) seer)

‘creep’ krijp  krept vowel change + suffix
‘teach’ tijtf  tot vowel + consonant change
‘go’ gow  went suppletion (allomorphy)
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Defaults, regulars, and overregularization

English past tense

Much productivity work discusses the English past tense, which
has one “regular” pattern and a number of “irregular” patterns

m “Irregulars”: higher

base  past token frequency (85% of
‘climb’ klajm klajmd past forms heard by
‘stop’ stap stapt  suffix children)
‘melt’” melt meltad m “Regulars”: higher type
‘hit’ hit hit no change  Jrequency (86% of 1000
most frequent verbs)

‘come’ kem  kejm
., vowel change
sing sIn) sar)
‘creep’ krijp  krept vowel change + suffix
‘teach’ tijtf  tot vowel + consonant change

< )

go gow  went suppletion (allomorphy)
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Defaults, regulars, and overregularization

Overregularization

Occasionally, verbs with irregular past tenses are given the
regular ending: [gowd], [krijpt]

m Children go through a phase of overregularization
m Adults sometimes overregularize as speech errors

m The opposite ([lijk] — [lejk]) is very rare, though has
happened historically ([dajvd] or [dowv])
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Defaults, regulars, and overregularization

Overregularization

Occasionally, verbs with irregular past tenses are given the
regular ending: [gowd], [krijpt]

m Children go through a phase of overregularization
m Adults sometimes overregularize as speech errors

m The opposite ([lijk] — [lejk]) is very rare, though has
happened historically ([dajvd] or [dowv])

In fact, children often follow a U-shaped pattern of learning
irregular verbs (Marcus et al., 1992):

1. After an initial learning period, irregulars are marked
correctly (if at all)

2. For atime, some irregulars are given the regular ending

3. Overregularization reduces and irregulars are marked
correctly again
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U-shaped learning curve

Percent Correct

Defaults, regulars, and overregularization

Adam

Overregularization

30 36 40 4-6 5-0
Age

Fic. 33.—Proportion of Adamy's irregular verbs in obligatory past tense contexts that
were correctly marked for tense. Overregularizations do ot enter into these data but are
shown in the curve at the top (subtracted from 100%).
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. 34—Proporton of Adamisregulr verbs in oblgatory past tene contexts b

marked for tense and rate (subtracted from I
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Defaults, regulars, and overregularization

U-shaped learning curve

Adam Phases of learning the past tense:
Overteguiaraon m Learning to mark irregulars,
H regulars often unmarked
8 .
F m Learning to mark regulars, some
& overregularization
e rar m Past tense consistently marked,
e oot el gt s o e o more overregularization
e T adam m Regulars and irregulars formed
1:3 Overregularization CorreCtly (nOt ShOWIl)
5 80
270
3 60
E 50
§ z Regular
20
10
U270 256 30 3-6 40 46 5-0

Age

Fic. 34.—Proportion of Adam’s regular verbs in obligatory past tense contexts that
were correctly marked for tense and his overregularization rate (subtracted from 100%)

Tabachnick « Morphological productivity « OVA 2026 14 /50



Defaults, regulars, and overregularization

U-shaped learning curve

Adam

Percent Correct

Overregularization

40 4.6 5.0

Percent Correct
@
o

Regular

Overregularization

-0 2-6 3-0 3-6
Age

Fic. 34.—Proportion of Adam'’s regular verbs in
were correcly marked for tense and his overrogular

Tabachnick « Morphological productivity « OVA 2026

40 46 50

n bligatory pas
e (sul m ed[mm\UO}.l

Phases of learning the past tense:

m Learning to mark irregulars,
regulars often unmarked

m Learning to mark regulars, some
overregularization

m Past tense consistently marked,
more overregularization

m Regulars and irregulars formed
correctly (not shown)

These correspond to learning stages:

1. Memorizing the past tense of
each verb separately

2. Learning the regular [d] rule(s)
and overapplying it

3. Sorting out the exceptions |,



Defaults, regulars, and overregularization

Default behavior

Wug tests are just one example of default behavior where we’d
expect regular inflection (Marcus et al., 1995, p. 197):

m onomatopeia: the bell [dind]

m quotations: | found three [manz] on that page
names: Julia and the rest of the [t[ajldz]
truncations: we [sikt] up the sound with the video

[
[
m unassimilated borrowings: we ate [langow[az]
m acronyms: he got [dijefejd]

[

derived forms: she [gizendsteendad], there have been several
[beetmeenz], a group of [lowlajfs], no [ifs] [eendz] or [bats]

In English, this role is fulfilled by [z s az] for the plural and [d t at]
for the past tense (depending on phonology)
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Defaults, regulars, and overregularization

Default behavior

Wug tests are just one example of default behavior where we’d
expect regular inflection (Marcus et al., 1995, p. 197):

m onomatopeia: the bell [dind]

m quotations: | found three [manz] on that page
names: Julia and the rest of the [t[ajldz]
truncations: we [sikt] up the sound with the video

[
[
m unassimilated borrowings: we ate [langow[az]
m acronyms: he got [dijefejd]

[

derived forms: she [gieendsteendad], there have been several
[beetmeenz], a group of [lowlajfs], no [ifs] [eendz] or [bats]

In English, this role is fulfilled by [z s az] for the plural and [d t at]
for the past tense (depending on phonology) - what about your
language?
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Defaults, regulars, and overregularization

German plurals

German has five plural suffixes that sometimes cooccur with
vowel alternation (umlaut) (McCurdy et al., 2020, p. 1746):

suffix example singular plural types tokens
(@n  ‘street’  [tyaiso  [taisan 48% 45%

5 ‘dog , hunt hunda 27%  21%
cow ku: ky:a
) ‘thumb , davmon dauman 17%  29%
mother’ mute myte
‘child’ kint kinde
v ‘forest’ valt velde 4% 3%
S ‘car’ auvto autos 4% 2%
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Defaults, regulars, and overregularization
How do German words get their plurals?

APPENDIX 2:
A SUMMARY OF THE GERMAN PLURAL SYSTEM (BASED ON MUGDAN, 1977)

List | — -¢ + change stem as indicated
List 2 — Change stem and add suffix as indicated
Coda = 0:
Neuter with prefix ge- — -0.
other neuter — -en.
Kase - -0,
Other Masculine or Feminine — -en.
Cods = non-3 vowel:
Feminine with coda = long stressed fef or /il — -en
ather Feminine 5 -s
Masculine or Neuter —» -s.

Coda = d + consonant:
Feminine Muiter, Tochkter — 0 + umlaut
other Feminine — -en
Kloster — 0 + umlaut
other Neuter — 0
Masculine in List 3 — -en
Masculine in List 4 — 0 + umlaut
other Masculine — 0

Other Consonant-final Codas:
Feminine in List 5 — -5
Feminine with -sal suffix — -¢
Feminine in List 6 — -¢ + umlaut
Other Feminine — -en
Neuter with -lein suffix — 0
Neuter Flafi — -e + umlaut
Neuter in List 7 = -
Neuter in List 8 = -en
Neuter in List 9 — -er + umlaut
other Neuter -» -¢
Masculine in List 10 — -en
Maseuline in List 11— -5
Masculine in List 12 = -er + umlaut
Masculine animate in List 13 — -en
Masculine animate in List 15 = -¢ + umlaut
other Masculine animate — -¢
Masculine inanimate in List 14— -en
ather Masculine inanimate ~> -¢
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Defaults, regulars, and overregularization

Infrequent defaults

Marcus et al. (1995): In German, this role for plural nouns is

fulfilled by [s], the least frequent suffix
m onomatopeia: [vauvvaus] ‘bow-wows’

quotations: [mans] ““man”s
names: Thomas [mans]

[
[ |

m truncations: [vesis] “Westies”

m unassimilated borrowings: [ki:osks]

m acronyms: [be:emve:] ‘BMWSs’

m derived forms: [a:bes] ‘ors’, [fausts] ‘Fausts’, [golfs] ‘Golfs’

When these end in sibilants, the more common [9] and [(8)n] are
used: [bosa] ‘bosses’, [mestse:dasa] ‘Mercedeses’, [matson]
‘magnetic recordings’ (Indefrey, 1999)
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Defaults, regulars, and overregularization

German wug tests

Adults and children use [s] and the two most common [a] and
[(@)n] (Zaretsky & Lange, 2016, p. 165):

plural % rhymes % non-rhymes
umlaut 0.2 0.04
e +umlaut 6 2
e 8 4
an (+ umlaut) 20 27
9 +umlaut 14 6
Fe] 44 46
S (+ umlaut) 8 15

m [s] is more common with “non-rhymes” - phonologically
legal but deviant words that don’t rhyme with any existing
words in German like [fno:k]

m Other suffixes have preferences as well, like [on] for feminines

m While [s] is the typical default “emergency” suffix, it’s not the
only productive one
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Defaults, regulars, and overregularization

Lack of regularization

Two genitive suffixes, [a] and [u], for Polish masculine inanimate
nouns (Dabrowska, 2001, 2008):

m [twoka] ‘piston’ vs. [twoku] ‘crowd’

m No consistent generalization, phonological or otherwise

m [a] is more common (70-80% of types and tokens)
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Defaults, regulars, and overregularization

Lack of regularization

Two genitive suffixes, [a] and [u], for Polish masculine inanimate
nouns (Dabrowska, 2001, 2008):
m [twoka] ‘piston’ vs. [twoku] ‘crowd’
m No consistent generalization, phonological or otherwise
m [a] is more common (70-80% of types and tokens)
Both are used in various “default” situations:
m truncations: [mertsa] ‘Mercedes’, [haszu] ‘hash’
m borrowings: [fonemu] ‘phoneme’, [drinka] ‘drink’
m acronyms: [panu] ‘PAN (Polish Academy of Sciences’
m derived forms: [ssivatsa] ‘stapler’, [zbloru] ‘collection’,
[kontomieza] ‘protractor’, [trujzembu] ‘trident’
Neither is really “regular” or even “default”
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Defaults, regulars, and overregularization

Lack of regularization

Two genitive suffixes, [a] and [u], for Polish masculine inanimate
nouns (Dabrowska, 2001, 2008):
m [twoka] ‘piston’ vs. [twoku] ‘crowd’
m No consistent generalization, phonological or otherwise
m [a] is more common (70-80% of types and tokens)
Both are used in various “default” situations:
m truncations: [mertsa] ‘Mercedes’, [haszu] ‘hash’
m borrowings: [fonemu] ‘phoneme’, [drinka] ‘drink’
m acronyms: [panu] ‘PAN (Polish Academy of Sciences’
m derived forms: [ssivatsa] ‘stapler’, [zbloru] ‘collection’,
[kontomieza] ‘protractor’, [trujzembu] ‘trident’
Neither is really “regular” or even “default”
m Polish children start to use the genitive very early
m Way fewer errors than English children make in the past tense
m More [u] — [a] errors than [a] — [u] errors, but much less
lopsided than in English
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Defaults, regulars, and overregularization

Summary

m Children sometimes overgeneralize very common word
formation patterns

m We can identify cases that expect a default, where memory
(and other possibilities) fail

m Overgeneralization, default behavior, and frequency often
align, but not always

m Sometimes we can’t identify any pattern as a default or
regular at all
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Modelling productivity

Outline

3. Modelling productivity
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Modelling productivity

Modelling productivity

Many different ideas for how to account for productivity
(acquisition, wug tests, etc.)

m formal abstract rules vs. analogical comparison
m categorical vs. probabilistic application

m regular phonology/morphology vs. separate
pattern-matching component
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Modelling productivity

Structured analogy

So far we’ve looked at the spread of English past /d/ - now let’s
look at another class (Bybee & Moder, 1983)

present  past

‘spin’ spin span
‘win’ win wan
‘cling’ clip clay
‘fling’ flm flog
‘sling’  slig slag
‘sting’ sty stay
‘string’  stiy st1ay)
‘swing’  swir) SWaI)
‘wring’ 11y 191

‘hang’ hep hag
‘slink’  sligk slogk

‘stick’ stik stak
‘strike’  stiajk stiak
‘sneak’  snijk snak
‘dig’ dig dog
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Structured analogy

Modelling productivity

So far we’ve looked at the spread of English past /d/ - now let’s
look at another class (Bybee & Moder, 1983)

‘spin’
“win’
‘cling’
‘fling’
‘sling’
‘sting’
‘string’
‘swing’
‘wring’
‘hang’
‘slink’
‘stick’
‘strike’
‘sneak’
dig’

present
spm
win
cliy
flm
sl
stin
St1Im
SWII)
1)
heer
sligk
stik
stiajk
snijk
dig

past
span
wan
clay
flog
slag
stan)
stiay
Swar)
191
hag
slogk
stak
stiok
snak
dog

These verbs tend to share several
properties that together make a
prototype for the class:
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Structured analogy

Modelling productivity

So far we’ve looked at the spread of English past /d/ - now let’s
look at another class (Bybee & Moder, 1983)

‘spin’
“win’
‘cling’
‘fling’
‘sling’
‘sting’
‘string’
‘swing’
‘wring’
‘hang’
‘slink’
‘stick’
‘strike’
‘sneak’
dig’

present
spm
win
cliy
flm
sl
stin
St1Im
SWII)
1)
heer)
sligk
stik
stiajk
snijk
dig

past
span
wan
clay
flog
slag
ston
stiay
Swar)
191
hag
slogk
stak
stiok
snak
dog

These verbs tend to share several
properties that together make a
prototype for the class:

m [n] at the end
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Structured analogy

Modelling productivity

So far we’ve looked at the spread of English past /d/ - now let’s
look at another class (Bybee & Moder, 1983)

‘spin’
“win’
‘cling’
‘fling’
‘sling’
‘sting’
‘string’
‘swing’
‘wring’
‘hang’
‘slink’
‘stick’
‘strike’
‘sneak’
dig’

present
spin
win
cliy
flm
sl
stin
stir)
SWII)
1)
heer)
sligk
stik
stiajk
snijk
dig

past
span
wan
clay
flog
slag
ston
stiay
Swar)
191
hag
slogk
stak
stiok
snak
dog

These verbs tend to share several
properties that together make a
prototype for the class:

m [n] at the end
m [sC] at the start
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Structured analogy

Modelling productivity

So far we’ve looked at the spread of English past /d/ - now let’s
look at another class (Bybee & Moder, 1983)

‘spin’
“win’
‘cling’
‘fling’
‘sling’
‘sting’
‘string’
‘swing’
‘wring’
‘hang’
‘slink’
‘stick’
‘strike’
‘sneak’
dig’

present
spin
win
cliy
fliy
slig
st
st
SWin)
111
heer)
sligk
stik
stiajk
snijk
dig

past
span
wan
clay
flog
slag
ston
stiay
Swar)
191
hag
slogk
stak
stiok
snak
dog

These verbs tend to share several
properties that together make a
prototype for the class:

m [n] at the end
m [sC] at the start
m [1] in the middle
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Structured analogy

Modelling productivity

So far we’ve looked at the spread of English past /d/ - now let’s
look at another class (Bybee & Moder, 1983)

‘spin’
“win’
‘cling’
‘fling’
‘sling’
‘sting’
‘string’
‘swing’
‘wring’
‘hang’
‘slink’
‘stick’
‘strike’
‘sneak’
dig’

present
spin
win
cliy
fliy
slig
st
st
SWin)
111
heer)
sligk
stik
stiajk
snijk
dig

past
span
wan
clay
flog
slag
ston
stiay
Swar)
191
hag
slogk
stak
stiok
snak
dog

These verbs tend to share several
properties that together make a
prototype for the class:
m [n] at the end
m [sC] at the start
m [1] in the middle
Wugs closer to the prototype were
given past [a] more often
shape % (9] shape % (9]
sCCm(k) 44% sCCi (k) 44%
sCimk) 37% sCCrik/gt  25%

cCmk) 27% sCCi{m/n} 21%
Cmk) 22% sCCIC 4%
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Modelling productivity

Analogical models

This “prototype effect” can be explained through analogy (e.g.
Bybee, 1995):

m Speakers store (frequent)

inflected forms o "

m When they need to make a : Ay
new form of a word, they W
compare it to similar / %

existing forms

m The more similar the forms

are to the new word (and .
each other), the more \\%
influence they will have on

the new forms
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Modelling productivity

Source- and product-oriented generalizations

Analogical models often capture two types of generalizations:
m source-oriented: present in the base
m product-oriented: present in the inflected form

present past
‘string’ st st1or)
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Modelling productivity

Source- and product-oriented generalizations

Analogical models often capture two types of generalizations:
m source-oriented: present in the base (sCC, 1, 1)
m product-oriented: present in the inflected form (sCC, 2, n))

present past
‘string’ st st1or)
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Modelling productivity

Source- and product-oriented generalizations

Analogical models often capture two types of generalizations:
m source-oriented: present in the base (sCC, 1, 1)
m product-oriented: present in the inflected form (sCC, 2, n))

present past
‘string’ st st1or)

A product-oriented generalization: most English past tense verbs
end in alveolar stops [d t]
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Modelling productivity

Source- and product-oriented generalizations

Analogical models often capture two types of generalizations:
m source-oriented: present in the base (sCC, 1, 1)
m product-oriented: present in the inflected form (sCC, 2, n))

present past
‘string’ st st1or)

A product-oriented generalization: most English past tense verbs
end in alveolar stops [d t]

present past

‘put’ put put
‘set’ set set
‘quit’ kwrt kwrt

‘spread” spied  spied
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Modelling productivity

Product-oriented generalizations in Hausa

In Hausa, plurals are formed entirely by product-oriented
generalizations, including in nonce word studies (Bybee, 1995,
p. 445):

singular plural

‘gown’ riigda riiganaa
‘store’ kantii kdntinaa
‘porch’ zduree  zdaurukaa
‘hand’ han:iu  hén:dwaa
‘prosperity’  arzikii arzuakaa
‘sword’ takoobii tdkubaa

These patterns apply to bases with particular phonological
shapes, but can be formed in different ways.
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Modelling productivity

Regulars by analogy

When we see a “regular” pattern (like the English past tense), this
is just a particularly powerful target of analogy

m Widest range of forms to which it applies
m High type frequency (but not always!)

Analogical models sometimes fail to choose the right “regular”
past tense (Albright & Hayes, 2003, p. 151):

singular plural?  bad influences

‘render’  1endi lendiad 1end, end, aent, vend, 1ejd,
fend, mend, tend, 1awnd, died
‘whisper’  wispi WISpIt wip, wif, wisk, wins, kwip,

lisp, swif, 11p, wik, mis
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Modelling productivity

Analogical models: an example

To actually make an analogical model, we need to be explicit
about how to compare forms to one another

One way of doing this: align segments and assess featural
similarity (Albright & Hayes, 2003, p. 131)

shine: I null null a I n
penalty: 0.155 4+ 06 4+ 06 + 0 + 0 4+ 0.667 = 2022
scride: S k r a 1 d

Then find overall similarity scores (transformed) for all patterns:

dive
drive

0013 stride 0060

\ I _2598/

shine 10064 scride 0102 smite
0085 //"
0498
0400 0168

rise strive ride write

Fig. 1. Similarity of all [ar] — [o] forms to scride.

QUESTION: Is this source-oriented, product-oriented, or both?
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Modelling productivity

Neural networks
Rumelhart and McClelland (1986): You don’t need to store past
tense forms, they can arise from weights in a neural network

Words are represented as triplets of
phonological features

Eneocing Pattorn Assoclator mwm:rw [ | [kam]: #-k-a / k'a'm / J-m-#

Nework  Moditiable Connections

[k]: occlusive, stop, back, unvoiced

[3]: vowel, high, middle, short

[
[

m [ej]: vowel, low, front, long

m [m]: occlusive, nasal, front, voiced
[ |

[kam]: ... / stop-vowel-nasal /
unvoiced-middle-voiced / ...
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Neural networks
Rumelhart and McClelland (1986): You don’t need to store past
tense forms, they can arise from weights in a neural network

Words are represented as triplets of
phonological features

Eneocing Pattorn Assoclator mwm:rw [ | [kam]: #-k-a / k'a'm / J-m-#

Nework  Moditiable Connections

[k]: occlusive, stop, back, unvoiced

[3]: vowel, high, middle, short

[
[

m [ej]: vowel, low, front, long

m [m]: occlusive, nasal, front, voiced
[ |

[kam]: ... / stop-vowel-nasal /
unvoiced-middle-voiced / ...

Task: convert present Wickelfeatures to past Wickelfeatures:
m unvoiced-middle-voiced - unvoiced-front-voiced
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Modelling productivity

The problem with the neural network

This neural network had similar problems to the analogical
models described previously (Pinker & Prince, 1988)

m Strange, unrealistic errors: [mejl] - [membld], [skwot] —
[skwokt]

m Double marking: [step] — [steptad]

m It can only account for overregularization under the
assumption that children first see large amounts of irregulars,
then see large amounts of regulars - but this isn’t what
happens (about 50% of their types are consistently regular)

m (many more things, their paper is 121 pages)
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This neural network had similar problems to the analogical
models described previously (Pinker & Prince, 1988)

m Strange, unrealistic errors: [mejl] - [membld], [skwot] —
[skwokt]

m Double marking: [step] — [steptad]

m It can only account for overregularization under the
assumption that children first see large amounts of irregulars,
then see large amounts of regulars - but this isn’t what
happens (about 50% of their types are consistently regular)

m (many more things, their paper is 121 pages)

Pinker and Prince (1988) argue that the problems are inherent to
any neural network
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Modelling productivity

The problem with the neural network

This neural network had similar problems to the analogical
models described previously (Pinker & Prince, 1988)

m Strange, unrealistic errors: [mejl] - [membld], [skwot] —
[skwokt]

m Double marking: [step] — [steptad]

m It can only account for overregularization under the
assumption that children first see large amounts of irregulars,
then see large amounts of regulars - but this isn’t what
happens (about 50% of their types are consistently regular)

m (many more things, their paper is 121 pages)

Pinker and Prince (1988) argue that the problems are inherent to
any neural network - but things have changed since 1986 (LLMs)
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Modelling productivity

Contemporary neural networks

Kirov and Cotterell (2018): A contemporary neural network with
more flexible representation (no Wickelfeatures) does much
better on the English past tense

m Correctly learns almost all regular and irregular verbs

m Most errors on new words are overregularization errors

m No U-shaped curve in “acquisition”
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Contemporary neural networks

Kirov and Cotterell (2018): A contemporary neural network with
more flexible representation (no Wickelfeatures) does much
better on the English past tense

m Correctly learns almost all regular and irregular verbs

m Most errors on new words are overregularization errors

m No U-shaped curve in “acquisition”
McCurdy et al. (2020): A similar neural network does not show
human-like performance on German plural wug test

Study 1 (speakers) Study 2 (ED)

sewhyy

other

sowhu-on

5o 3
558

12
2
%

P
%

o
s
0
%

2

%

N
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Modelling productivity

Dual route models

Pinker and Prince (1988): a strong division between regular and
irregular morphology

m Asingle rule (add /d/) makes most English past-tense forms:
Nijk+d/ ‘leak’

m All others are stored in full: /spowk/ ‘speak’
Evidence presented for this:
m Default use of /d/ (onomatopoeia, derived forms, etc.)

m U-shaped curve as period of learning the /d/ rule and the
stored forms

m Lexical access: access speed of irregulars correlated with
frequency, regulars are slower and inhibited by irregular
“distractors”

m The pattern of use of /d/ in wug tests
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Dual route models

Pinker and Prince (1988): a strong division between regular and
irregular morphology

m Asingle rule (add /d/) makes most English past-tense forms:
Nijk+d/ ‘leak’

m All others are stored in full: /spowk/ ‘speak’
Evidence presented for this:
m Default use of /d/ (onomatopoeia, derived forms, etc.)

m U-shaped curve as period of learning the /d/ rule and the
stored forms

m Lexical access: access speed of irregulars correlated with
frequency, regulars are slower and inhibited by irregular
“distractors”

m The pattern of use of /d/ in wug tests
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Modelling productivity

Lexical access

A common task in psycholinguistics: lexical decision (deciding
whether a string of text is a valid word)

m Option 1: Find the word in storage (more frequent words are
accessed more quickly)

m Option 2: Compose the word from stored parts (more
frequent parts are accessed more quickly, plus a fixed
processing time)

Dual route models predict: regulars (can) have effect of stem
frequency, irregulars must have effect of word frequency (Pinker &
Ullman, 2002)

m Some studies show support for this division (e.g. Yang, 2016)

m Others show more evidence of storage of regulars and more
complicated effects of inflectional paradigms more generally
(e.g. Milin et al., 2009)
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Modelling productivity

Weird regulars

Prasada and Pinker (1993): If regulars and irregulars are both
formed by analogy, both should show “neighborhood effects”
m Pseudo-irregular: prototypical [spliy], intermedate [niy],
distant [n1st]
m Pseudo-regular: prototypical [plip], intermediate [smejg],
distant [plowmf]
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Weird regulars

Prasada and Pinker (1993): If regulars and irregulars are both
formed by analogy, both should show “neighborhood effects”
m Pseudo-irregular: prototypical [spliy], intermedate [niy],
distant [nist]
m Pseudo-regular: prototypical [plip], intermediate [smejg],
distant [plowmf]
In fact, participants used /d/ even for distant pseudo-regulars
(they were allowed to supply multiple past tense forms

pseudo-irregular pseudo-regular
% non-suffixed rating % suffixed rating
prototypical 59% 4.7 95% 5.5
intermediate 46% 4.2 92% 5.2
distant 37% 4.2 89% 5.3

Some analogical models and neural networks (e.g. Rumelhart &
McClelland, 1986) do worse on these regulars
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Modelling productivity

Islands of reliability

Albright and Hayes (2003): The weird regulars in Prasada and
Pinker (1993) were too weird

m Island of reliability for regulars: [bied3], [gez], [nejs]

m Island of reliability for irregulars: [flijp], [glijd], [splm)]

m [sland of reliability for both: [dajz], [fiow], [1ajf]

m Island of reliability for neither: [guwd], [nan], [prijk]

@ ®)
65 10
09
60 .
£ os
55 3 074 HIOR
5o g v CINot JOR

0.5
04 4
03 1
02 4

35 =
0.1 4
30 0.0
Irregulars Regulars Irregulars Regulars

45 —

ean production

40

Mcan rating (adjusted for
phonological well-formedness)

Unexpected if regulars are formed with a single rule!
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Modelling productivity

Minimal generalization

Albright and Hayes (2003): There are many rules for the past
tense, which we derive by combining more specific rules into
more general ones

m @ —oad/ [vowt__] [+past]

mQO->od/ [nijd ][+past]
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Minimal generalization

Albright and Hayes (2003): There are many rules for the past
tense, which we derive by combining more specific rules into
more general ones

m @ —oad/ [vowt__] [+past]
mO-od/ [nijd ][+past]
m O - ad/ [X [+cor, +ant, —nas, —cont]

] [+past]
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Modelling productivity

Minimal generalization

Albright and Hayes (2003): There are many rules for the past
tense, which we derive by combining more specific rules into
more general ones

m D —oad/ [vowt__ ] [+past]

m@—oad/ [nljd ][+past]

m O —oad/ [X[+cor, +ant, —nas, —cont] I +past]
We measure our confidence in a rule by how often it applies when
its structural description is met ([glijd])

output rule hits failures confidence
glijldad ©-oad /X{t,d}___ 1146 (want) 88 (get) 929
gled ij—-e /X{Ir}__d 6 (rijd) 1 (plijd) .857
glowd ij-ow/XC__C 6 (spijk) 178 (tijtf)  .033
gliid - / Xitdy___ 29 (Jed) 1205 (nijd) .014

Islands of reliability are handled by specific rules with higher
confidence than the general rule
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Modelling productivity

Tolerance Principle

Yang (2016): children create a rule when, on average, it is more
efficient to do so than to list everything

m Ifarule applies to a word, it isn’t listed as an exception
m Thus, before applying the rule, you have to check the whole
list of exceptions (slower to make regulars than irregulars)

m The most efficient way to check the list is by frequency
(speed of making irregulars correlates with frequency)

m If the list of exceptions is too long, the set cost of perusing the
whole list of exceptions for frequent rule-abiders is too high
to make up for the efficiency gained for less frequent
rule-abiders

Under certain simplifying assumptions, this cost becomes too
high when a rule that could apply to N words has at least %l
exceptions.
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Modelling productivity

Tolerance Principle: vocabulary size

The smaller the number of items to which a rule could apply, the
more exceptions are tolerated (Yang, 2016, p. 67):

items exceptions % exceptions

10 4 40%
100 23 23%
1000 145 15%

Thus, children’s smaller vocabulary size may help them form
productive rules

Tabachnick « Morphological productivity « OVA 2026 39/50



Modelling productivity

Tolerance Principle in the English past tense

Since many of the most frequent verbs are irregular, children
must learn about 1000 verbs before creating the rule (Yang, 2016,
p- 84):

number of number of number of

most frequent verbs exceptions allowable exceptions
100 54 22
500 103 80

1022 127 147
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Modelling productivity

Tolerance Principle in the English past tense

Since many of the most frequent verbs are irregular, children
must learn about 1000 verbs before creating the rule (Yang, 2016,
p- 84):

number of number of number of
most frequent verbs exceptions allowable exceptions
100 54 22
500 103 80
1022 127 147
“Irregular” patterns are, at best, briefly productive: 1 > @&/ __ 1
allowable
verbs exceptions followers exceptions
3 2 111, SII) bam
5 3 11, sin), spaty) b, swin
8 3 11, sin), spary  bam, swin, flig, stiy, win

This would explain why children occasionally say [baan)].
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Modelling productivity

Tolerance Principle elsewhere

The artificial language experiment of Schuler et al. (2021) finds
the cut predicted by the Tolerance Principle

9

] m9 = 4.1

m When one plural suffix applied to 5 of 9 nouns, children
regularized it

m When one plural suffix applied to 3 of 9 nouns, children
didn’t
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Modelling productivity

Artificial language experiments

Real languages aren’t flexible enough to systematically answer all
of our research questions

m Where is the line between Polish genitive singular and
English past tense where children will (over)regularize?

m Do children and adults also impose order upon inconsistent
outputs?
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Modelling productivity

Artificial language experiments

Real languages aren’t flexible enough to systematically answer all
of our research questions

m Where is the line between Polish genitive singular and
English past tense where children will (over)regularize?

m Do children and adults also impose order upon inconsistent
outputs?

To answer questions like this, we can do experiments with
artificial languages

m Make up words and sentences with the properties we want
m Teach adults and/or children our mini-language
m Ask them to make (given or new) words
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Modelling productivity

When do children regularize?

Schuler et al. (2016): American children aged 6-9 were taught
nouns, then asked for the plural of new nouns:

singular plural
mawg ka
tomber ka

glim ka
zZup ka
spad ka
daygin  po
flairb lee
klidam  bae
lepal tay

bleggin 222
norg 22
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When do children regularize?

Schuler et al. (2016): American children aged 6-9 were taught
nouns, then asked for the plural of new nouns:

5R/4E |

singular plural
mawg ka
tomber ka

=
o
o

~
(S}

Usage of Inflection
(o)}
o

glim ka

zZup ka 05

spad ka

daygin po 0 R e null other

flairb lee

klidam  bae m They generalized the majority ending ka
lepal tay to all new words - regular rule

bleggin 222

norg 22
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When do children regularize?

Schuler et al. (2016): American children aged 6-9 were taught
nouns, then asked for the plural of new nouns:

5R/4E |

singular plural
mawg ka
tomber ka

=
o
o

~
(S}

Usage of Inflection
(o)}
o

glim ka

zup po 25

spad lee

daygin bae 0 R e null other

flairb tay

klidam  muy m They generalized the majority ending ka
lepal w00 to all new words - regular rule

bleggin 222

norg 22
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Modelling productivity

When do children regularize?

Schuler et al. (2016): American children aged 6-9 were taught
nouns, then asked for the plural of new nouns:

singular plural 5R/4E | 3R/6E
mawg ka
tomber ka

-
o
o

~
&)

Usage of Inflection
(o))
o

glim ka

zup po -

spad lee

daygin bae 0 R e null other R e null other
flairb tay

klidam  muy m They generalized the majority ending ka
lepal w00 to all new words - regular rule

bleggin  ??? m When a minority of nouns had ka, chaos
norg e ensued - no regular rule
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Modelling productivity

When do adults regularize?

When adults took the same study, they did something different:

children i adults |

iy
o
o

~
(&)}

N
[

Usage of Rule [+ka]
[$)]
o

o

5R/M4E 3R/BE 5R/MAE 3R/6E

Instead, they matched the frequency of ka from the sentences they
heard
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Outline

4. Frequency matching
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Frequency matching

Frequency matching

In wug tests, adults tend to match the frequencies of their input -
what can we learn from this?

m Speakers keep track of statistical patterns in their lexicon
(mental dictionary of words/stems)

m Speakers may not pay attention to certain “unnatural”
patterns
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Attested frequency matching

What patterns can we find in wug tests?

m Assigning an underlying phoneme to a neutralized surface
form (Ernestus & Baayen, 2003)

m Assigning a stem to a phonological class based on its
phonology (Hayes & Londe, 2006)

m Assigning a suffix to a stem based on relevant phonological
properties (Becker, 2009)

m Assigning a suffix to a stem based on irrelevant phonological
properties (Gouskova et al., 2015)

m Assigning a suffix to a stem based on its other suffixes
(Tabachnick, 2023)
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