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Morphology

@ what information do native speakers use to inflect novel word forms?

e compositional view of complex words: we need information about
constituent morphemes
(Zwitserlood, 2018)

e word and paradigm morphology: we need information about the
whole word form and its paradigm
(Blevins, 2016)

@ languages with a rich variety of inflections are a challenge for the
prediction of inflectional classes — Maltese!
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Maltese

Plurals

@ 2 main ways to characterize a plural of a noun:
12 sound plural patterns: concatenative (traditionally called
suffixation)
annimal - annimali "animal(s)’
11 broken plural patterns: non-concatenative as changes in the

syllabic structure of the plural in comparison to the singular
ballun - blalen "ball(s)’
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Naive Discriminative Learning

@ implementation as R package nd/
(Arppe, Hendrix, Milin, et al., 2015; R Core Team, 2019)

@ based on discriminative learning
(Ramscar, Dye, & McCauley, 2013; Ramscar, Yarlett, Dye, et al., 2010)

@ implements error-driven learning rule
(Rescorla & Wagner, 1972)

@ central idea: learning = exploring how events are inter-related, how
they become associated
(Plag & Balling, 2016)

e inter-related events: cues and outcomes (two-layer network)
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Naive Discriminative Learning

@ associations between cues and outcomes at a given time, whereas the
strength of an association, the association weight, is defined as
follows:

e no change if a cue is not present in the input
e increased if the cue and outcome co-occur
e decreased if the cue occurs without the outcome
(Evert & Arppe, 2015)

@ Danks, 2003 equilibrium equations: define association strength when
a stable state is reached = "adult state of the learner”
(Baayen, 2011)
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Naive Discriminative Learning

Figure 1. association between cues and outcomes
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Research Question

@ is it possible to model classification and production of the Maltese
noun plural system without using morphemes?
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Experimental Background

@ production experiment on Maltese plurals with existing singular nouns
and phonotactically legal nonce-singulars

@ Maltese speakers produced plurals for given singulars

@ results: a positive correlation between produced plural forms and
distribution of plural forms in the data set

@ Maltese speakers use most frequent sound suffixes and broken plural
pattern to pluralize novel items
(Nieder, van de Vijver, & Mitterer, 2020a)
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Modeling Maltese Plurals

@ NDL models are based on a data set of 3190 Maltese singular-plural
pairs (2406 sound nouns, 784 broken nouns)

@ manually transcribed the singular-plural pairs such that every
phoneme is represented as exactly one letter or symbol

@ validation set approach: randomly divided corpus into a training data
set (90%) and a test data set (10%)

@ as cues we used a) singulars only, b) plurals only and c) the whole
paradigm (a combination of singular and plural forms)

@ cues were coded as single phones, diphones or triphones

@ outcomes are the categories sound and broken

9/29



Modeling Maltese Plurals

CUES 1phone 2phones 3phones
broken | sound | broken | sound | broken | sound

singular

plural 89% 98%

singular - plural 97% 68%

Table 1: accuracies for outcomes sound vs. broken of NDL models with 9
different cue structures: a) singular, b) plural, c) paradigm coded as 1) 1phone,
2) 2phones or 3) 3phones
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Modeling Maltese Plurals

CUES 1phone 2phones 3phones
broken | sound | broken | sound | broken | sound

singular

plural
singular - plural 97% 68%

Table 2: accuracies for outcomes sound vs. broken of NDL models with 9
different cue structures: a) singular, b) plural, c) paradigm coded as 1) 1phone,
2) 2phones or 3) 3phones
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Modeling Maltese Plurals

CUES 1phone 2phones 3phones
broken | sound | broken | sound | broken | sound

singular

plural 89% 98%

singular - plural o% 8%

Table 3: accuracies for outcomes sound vs. broken of NDL models with 9
different cue structures: a) singular, b) plural, c) paradigm coded as 1) 1phone,
2) 2phones or 3) 3phones
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Modeling Maltese Plurals

good prediction
CUES 1phone 2phones 3phones
broken | sound | broken | sound | broken | sound

singular

plural
singular - plural

Table 4: accuracies for outcomes sound vs. broken of NDL models with 9
different cue structures: a) singular, b) plural, c) paradigm coded as 1) 1phone,
2) 2phones or 3) 3phones
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Modeling Maltese Plurals

Summary

@ best predictions when plurals only or the whole paradigm is used as
cues — information about the plural is necessary for correct
predictions!

@ results are in line with a word and paradigm approach of morphology
processing
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Modeling Maltese Plurals

Things to think about...

we simplified Maltese considerably and modeled only two outcomes
(sound and broken) BUT Maltese is more complicated

frequency of suffixes and patterns plays an important role for
morphological processing in Maltese

How to deal with that?

solution: include more plural types and their frequencies in the model

is NDL still able to predict specific patterns/suffixes?

(Nieder, van de Vijver, & Mitterer, 2020a, 2020b)
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Modeling Maltese Plurals

NDL Models 3 most frequent - Preparation

@ three most frequent sound plural suffixes: -i (41%) , -iet (23%) and
ijiet (22%)

@ three most frequent broken plural patterns: CCVVCVC (33%),
(C)CVCVC (23%), and CCVVC (19%)

@ outcomes: three most frequent suffixes and patterns + all other
sound plurals combined as category sound and all other broken
plurals combined as category broken

@ paradigm coded as diphones provided the best predictions with binary
outcome broken vs. sound — focus on diphones!
(Nieder, van de Vijver, & Mitterer, 2020a)
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Modeling Maltese Plurals

NDL Models 8 plural types - with the paradigm (singulars and plurals) as diphone cues

g 2 o(J N b‘é’g b\\\é N >
2 2 2 (%
‘o‘& ‘0“— ’0‘6‘- <« fo°°(\ a°§ (—)°§ &P\80

broken A 6 (27%) 4 (18%) 7 (32%) 1(5%) 2 (9%) 0 (0%) 0 (0%) 2 (9%)
broken B 1 (5%) 4 (20%) 0 (0%) 0 (0%) 1 (5%) 0 (0%)
broken C 1(8%) 3 ( 2 (15%) | 0 (0%) 0 (0%) 0 (0%) 0 (0%)
broken (rest) 1(11%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (22%)
sound iet 1 (3%) 1(3%) 4 (10%) 6 (15%) 1 (3%) ) 0 (0%)
sound ijiet 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (2%) ) 0 (0%)
sound i 0 (0%) 1 (1%) 2 (1%) 4 (3%) 0 (0%) 1 0 (0%)
sound (rest) 2 (6%) 0 (0%) 5 (15%) 3 (9%) 1(3%) 0 (0%) 6 (18%) 17 (50%)

Table 5: NDL model with paradigm coded as diphones as cues
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Modeling Maltese Plurals

NDL Models 8 plural types - with the paradigm (singulars and plurals) as diphone cues

broken A 27%) 4 (18%) 7 (32%)

6 ( 1(5
broken B 1 (5%) 0 (0%) 4 (20%)
broken C 1 (8%) 3 (23%) 2 (15%)
broken (rest) 1(11%) 0 (0%) 0 (0%)

sound iet
sound ijiet
sound i
sound (rest)

Table 6: NDL model with paradigm coded as diphones as cues
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Modeling Maltese Plurals

NDL Models 8 plural types - with the paradigm (singulars and plurals) as diphone cues

g 2 o(J N g‘é& b'.\\\é > >

‘o‘a& ‘0‘6& ‘0‘6& ‘0‘0\& a°§ ~'—a°§ {’oo(\ e°§
broken A 6 (27%) 4 (18%) 7 (32%) 1 (5%) 2 (9%) 0 (0%) 0 (0%) 2 (9%)
broken B 1 (5%) 0 (0%) 4 (20%) 0 (0%) 0 (0%) 1 (5%) 0 (0%)
broken C 1(8%) 3 (23%) 2(15%) | 0(0%) 0 (0%) 0 (0%) 0 (0%)
broken (rest) 1(11%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (22%)
sound iet
sound ijiet
sound i
sound (rest)

Table 7: NDL model with paradigm coded as diphones as cues
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Modeling Maltese Plurals

NDL Models 8 plural types - with the paradigm (singulars and plurals) as diphone cues

AN SRS N >

< ¢ < <« & s & s
broken A 6 (27%) 4 (18%) 7 (32%) 1 (5%) 2 (9%) 0 (0%) 0 (0%) 2 (9%)
broken B 1 (5%) 0 (0%) 4 (20%) 0 (0%) 0 (0%) 1 (5%) 0 (0%)
broken C 1 (8%) 3 (23%) 2 (15%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
broken (rest) | 1(11%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (22%)
sound iet
sound ijiet
sound i
sound (rest)

Table 8: NDL model with paradigm coded as diphones as cues

@ broken plurals are often confused with other broken plural types
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Modeling Maltese Plurals

NDL Models 8 plural types - with the paradigm (singulars and plurals) as diphone cues

S ? C & & N
NG a_ef\ & & \\(\6 \)(\b \»(\b &\b
S S & & < $ < 24
broken A
broken B
broken C
broken (rest)
sound iet 1 (3%) 0 (0%) 0 (0%)
sound ijiet 1 (2%) 1 (2%) 0 (0%)
sound i 0 (0%) 1 (1%) 0 (0%)
sound (rest) 1 (3%) 0 (0%) 6 (18%) 17 (50%)

Table 9: NDL model with paradigm coded as diphones as cues
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Modeling Maltese Plurals

NDL Models 8 plural types - with the paradigm (singulars and plurals) as diphone cues

AN RN o SIS >
2 2 2 (%
S \0‘6*' & ’0“- a°§ ~'—a°§ {’oo(\ e°§

broken A
broken B
broken C
broken (rest)
sound et 1 (3%) 1(3%) 4 (10%) 6 (15%) 1 (3%) 0 (0%) 0 (0%)
sound ijiet 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1(2%) 1 (2%) 0 (0%)
sound i 0 (0%) 1 (1%) 2 (1%) 4 (3%) 0 (0%) 1 (1%) 0 (0%)
sound (rest) 2 (6%) 0 (0%) 5 (15%) 3 (9%) 1(3%) 0 (0%) 6 (18%) 17 (50%)

Table 10: NDL model with paradigm coded as diphones as cues
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Modeling Maltese Plurals

NDL Models 8 plural types - with the paradigm (singulars and plurals) as diphone cues

o R S SIS ,
& & & &
\0,\8“ ~o"6‘. \O@“ \O@“ %oo“ (’oo“ ‘)oé‘ (’oo“

broken A
broken B
broken C
broken (rest)
sound iet 1 (3%) 1 (3%) 4 (10%) 6 (15%) 1 (3%) 0 (0%) 0 (0%)
sound ijiet 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (2%) 1 (2%) 0 (0%)
sound i 0 (0%) 1 (1%) 2 (1%) 4 (3%) 0 (0%) 1 (1%) 0 (0%)
sound (rest) 2 (6%) 0 (0%) 5 (15%) 3 (9%) 1(3%) 0 (0%) 6 (18%) 17 (50%)

Table 11: NDL model with paradigm coded as diphones as cues

@ sound plurals are confused with other sound plural types and
sometimes with other broken plural types
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Discussion & Conclusion

@ we used different NDL models to predict Maltese sound and broken
plurals

@ cues: singulars, plurals, paradigm coded as single phones, diphones or
triphones

@ outcomes: broken vs. sound (1st set of models) or 3 most frequent
sound suffixes and broken plural patterns (2nd model)

@ to correctly predict Maltese sound and broken plurals, NDL needs
information about the plurals.

@ our results are in line with the Word and Paradigm model of
morphological processing
(Blevins, 2016)
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Grazzi hafnal
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