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Abstract

In this paper, we study how phonotactic constraints can play a role in contact-induced

morphological simplification. We hypothesize that, in languages with constraints on

certain consonant sequences, L2 speakers acquiring the language overgeneralize these

constraints and avoid consonant sequences formed by morphological affixing. The

resulting process of reduction of such sequences could then lead to loss of morpho-

logical affixes. We evaluate this hypothesis using data from Alorese, an Austronesian

language spoken in eastern Indonesia, which underwentmorphological simplification

and has a large proportion of L2 speakers. Results from an agent-based model, which
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allows for mechanisms to be tested in isolation, indicate that phonotactic mecha-

nisms indeed play a role in contact-inducedmorphological simplification. Phonotactic

mechanisms lead to the strongest simplification when combined with a generaliza-

tionmechanism, which spreads the simplified forms across different verbs. Themodel

results underline the role of multiple interacting mechanisms in language change.

1 Introduction

It is generally known that phonology and morphology interact. On the one

hand, phonology can influence morphology, such as when stress determines

the choice or ordering of certain morphemes (McCarthy and Prince, 1995;

Inkelas, 2011). On the other hand, morphology can influence phonology, such

as when certain morphological environments cause phonemes to be realized

differently (Inkelas, 2014: 242–280) or when the attachment of certain mor-

phemes causes stress shift.When languages are in contact, phonology andmor-

phology also interact, for example when L1 phonology plays a role in the acqui-

sition of L2 morphology (Bayley, 1996; Bliss, 2006; Hu, 2010; Cabrelli Amaro et

al., 2018).

Statistical studies over large sets of languages find a correlation between

morphological simplification on the one hand, and large societies with many

speakers acquiring the language as adults on the other (Lupyan and Dale, 2010;

Bentz and Winter, 2013; Sinnemäki and Di Garbo, 2018). This correlation has

been explained by the greater difficulty that adults have in acquiring mor-

phology compared to children (Wray and Grace, 2007; Trudgill, 2011; Kusters,

2003). However, morphological simplification takes place in some contact sit-

uations, while in other situations which involve adult language learners it does

not occur, or occurs less profoundly. So the loss of morphology cannot be

explained by imperfect adult language acquisition alone. Given that phonology

and morphology are known to interact, here we explore the role of phonology

in contact-induced morphological simplification.

In particular, we try to identify the role of phonotactic factors (relating to the

co-occurrence of sounds within words and syllables) in contact-induced mor-

phological simplification. We focus on contact-induced morphological sim-

plification in Alorese, an Austronesian language in eastern Indonesia. Specif-

ically, we propose that L2 speakers of Alorese avoid consonant sequences,

due to overgeneralization of the phonotactic constraints in the language they

are acquiring. The consonant sequences are created by morphological affixing

(Dressler et al., 2019: 93–97) and their reduction eventually leads to the loss of

affixes.
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We try to identify the role of phonotactic factors using an agent-basedmodel

(Smith, 2014), which allows specific mechanisms to be tested in isolation. We

study howdifferences in phonotactic processing in L1 and L2 speakers, through

interaction over generations, eventually leads to language change on historical

timescales (cf. Enfield, 2014; Brochhagen et al., 2023; Greenhill, 2023).

The paper is structured as follows. In Section 2, we first introduce the case

study of Alorese, a language that lost almost all of its morphology through

contact. We argue that there are certain phonotactic conditions that apply in

processes of contact-induced simplification as part of imperfect L2 acquisition

which could have played a role in the observed patterns. In Section 3, we test

this hypothesis using an agent-based model, in which we simulate interaction

between speakers. The results of this model are presented in Section 4. In Sec-

tion 5, we discuss the implications and limitations of this study, and the role

phonotactic factors may play in other language contact situations.

2 Case study: Alorese (Austronesian)

2.1 Alorese

Alorese is an Austronesian (Flores-Lembata; Fricke, 2019; Sulistyono, 2022) lan-

guage spoken on the coasts of the Alor and Pantar islands in eastern Indonesia.

In the interior of these islands, Papuan languages belonging to the Alor-Pantar

group are spoken (see Fig. 1). Over the last centuries, Alorese has been used as

the language of trade and interethnic communication by Papuan speakers in

the region, as well as in marriages of Papuan speakers with speakers of Alorese

(Klamer, 2011, 2012, 2020). As a lingua franca in the region, Alorese has enjoyed

a high prestige, which has led to asymmetric bilingualism: many L1 speakers of

Alor-Pantar languages learn Alorese, but fewer L1 Alorese speakers learn Alor-

Pantar languages (Moro, 2021: 15). It is estimated that 50 percent of the speakers

of Alorese today are L2 speakers (Moro, 2019; see Section 3.7).

Alorese developed from Proto-Western Lamaholot (Fricke, 2019; Sulistyono,

2022) and it is suggested that the precursors of today’s Alorese speakers were

originallyWestern Lamaholot speakers whomoved to Pantar in the fourteenth

century, and to Alor in the sixteenth century (Klamer, 2012, 2020).

One of the closest relatives of Alorese today isWestern Lamaholot (the vari-

ety described in Nishiyama and Kelen, 2007).Western Lamaholot is spoken on

the islands located to the west of Pantar and Alor (Fricke, 2019: 156–159); see

Fig. 2. Western Lamaholot has a significant amount of inflectional and deriva-

tionalmorphologywhich it inherited fromProto-MalayoPolynesian. Strikingly,

in Alorese, almost all of this morphology has been lost. This suggests that
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figure 1 The Alor and Pantar islands (main map) and their location within Indonesia (inset). Alorese

(Austronesian) is spoken in the bright green areas on Alor and Pantar; in the other areas,

Papuan Alor-Pantar languages are spoken

map by owen edwards and ubb, used with permission

figure 2 Western Lamaholot (in green), sister language of Alorese, is spoken on islands to the west of

Pantar (edges in gray on the right)

map by owen edwards and ubb, used with permission
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the loss must have occurred after the speaker group split off from Western

Lamaholot and settled on Pantar and Alor, where they came into contact with

Papuan-speaking groups.

Western Lamaholot as it is spoken today does not show any evidence of con-

tact with the Papuan languages of Alor and Pantar. Neither is there evidence of

other cultural connections between speakers of the Alor-Pantar languages and

Western Lamaholot. Due to the strong sea currents, the strait separating Pantar

from the islands to the west is hard to cross, which has likely prohibited con-

tacts (Sulistyono, 2021: 342).We thus assume that thehistory of Alorese involves

contact with Alor-Pantar languages, while its close relativeWestern Lamaholot

did not have such contacts.

Much of the large-scale loss of morphology in Alorese is likely caused by

imperfect L2 acquisition by adult speakers of a Papuan language, as earlier

studies have suggested (Klamer, 2012, 2020). However, in this paper we hypoth-

esize that besides this factor, the phonology of Alorese also played a role in the

erosion of certain inflectional morphemes; see Section 2.4.

Alorese is an interesting case of contact-induced morphological simplifica-

tion to study because there are clear focus, neighbor, and benchmark languages

available (see Di Garbo and Napoleão de Souza, 2023; Sinnemäki et al., 2024

for the framework introducing these terms), with limited contact with other

languages due to the island geography. Alorese is the focus language, which

underwent morphological simplification. Alor-Pantar languages are the neigh-

bor languages, with which Alorese is in contact. There is a benchmark language

available, a current language we can view to represent a prior state of Alorese,

and with which we can contrast Alorese: Western Lamaholot.

2.2 Verbal subject marking in Alorese

This paper focuses on the simplification of verbal inflectional morphology.

Inflectional morphology is known to be a vulnerable domain in language con-

tact, and a bottleneck in adult language acquisition (Lardiere, 1998; Prévost

and White, 2000; Prévost, 2003; Blom et al., 2007: 315–317). We focus in par-

ticular on subject inflection. Subject inflection on verbs relies on syntactic

cues: the syntactic relation between the verb and the subject which it encodes.

Adult L2 learners have a decreased capacity to acquire this system compared

to L1-learning children (Prévost andWhite, 2000; Prévost, 2003). Encoding syn-

tactic relations in the clause, subject inflection is a case of “contextual” inflec-

tion, and differs from “inherent” inflection (like a nominal plural affix), which

occurs independently of the syntactic context of a word. Contextual inflection

is acquired later by children than inherent inflection (Booij, 1996). Its interpre-

tation requires more knowledge and processing effort than the interpretation
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of inherent word inflections, and poses problems for adult learners. As a result,

it is transferred less easily during contact (Meakins, 2011: 64–65;Gardani, 2008),

in particular when adult L2 speakers are involved.

The subject inflection inWestern Lamaholot (Lewoingu variety; Nishiyama

and Kelen, 2007) comprises two sets of affixes—a set of prefixes marking tran-

sitive subjects, and a set of suffixes marking intransitive subjects—as well as

agreement on nonverbal predicates (Klamer, 2012, 2020).1

InWestern Lamaholot, the subject prefixes are obligatory. The condition for

the use of the prefixes is phonological: only vowel-initial verb stems can take

these prefixes, and 20 such verbs are mentioned (Nishiyama and Kelen, 2007:

32). As the prefixes consist of a single consonant (k‑ ‘1sg,’m‑ ‘2sg,’n‑ ‘3sg,’ and so

on; see Table 1 below), they form the onset of the initial syllable of the inflected

verb, as in example (1).2

(1) go

1sg

k-oiro

1sg-know

Western Lamaholot

‘I know’

In contrast to the mandatory subject prefixes, Western Lamaholot subject suf-

fixes are optional, but occur on a wider range of verbs. Their use is not con-

ditioned by the shape of the (final) syllable of the verb. The suffixes are all

consonant-initial syllables (‑kən, -ko, -na, -te, -ke, -ka), and may attach to verbs

ending in a vowel or a consonant, as in (2) and (3). Suffixed to the verbal base,

they remain a separate CV(C) syllable.

(2) go

1sg

simo-kən

smile-1sg

Western Lamaholot

‘I smiled’

(3) go

1sg

gəkər-kən

be.surprised-1sg

‘I’m surprised’

In Alorese, most of the morphology that is still attested inWestern Lamaholot

has been lost, including all the subject suffixes. For example, the third person

1 Western Lamaholot also has possessor suffixes on nouns and seven derivational affixes; these

morphemes are not of concern here.

2 The following abbreviations are used in the glosses in this paper: 1/2/3 first/second/third per-

son; excl exclusive; incl inclusive; pl plural; sg singular.
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singular of the suffixing verb lodo ‘to go down’ has the 3sg marker ‑na inWest-

ern Lamaholot (4) (cf. Nishiyama and Kelen, 2007: 32), while it lost the person

marker in Alorese (5) (cf. Klamer, 2011: 65):

(4) lodo-na

go.down-3sg

Western Lamaholot

‘he goes down’

(5) lodo-∅

go.down-3sg

Alorese

‘he goes down’

What has been retained in Alorese, however, are the subject prefixes, albeit

on just a small set of eight high-frequency, vowel-initial verbs, including ‑ala

‘to pass,’ ‑ang ‘to eat,’ ‑ang ‘to use, to make,’ ‑ate ‘to carry,’ ‑ei ‘to go,’ ‑enung ‘to

drink,’ ‑oing ‘to know,’ ‑ong ‘to bewith.’ The first person plural inclusive form for

enung ‘to drink’ is the same in Alorese (Klamer, 2011: 61, 128) as in Lamaholot

(Nishiyama and Kelen, 2007: 31):

(6) t-enung

1pl.incl-drink

Western Lamaholot

‘we drink’

(7) t-enung

1pl.incl-drink

Alorese

‘we drink’

Some of the verbs that are prefixing inWestern Lamaholot, have been replaced

in Alorese by different consonant-initial verb forms. For instance, the verb ‘to

hunt’ is ‑iu (inflected) in Lamaholot, but kori (not inflected) in Alorese, the verb

‘to wait’ is ‑awan (inflected) in Lamaholot, but baing (not inflected) in Alorese,

and the verb ‘to stay’ is ‑awa (inflected) in Lamaholot, but tobo (not inflected)

inAlorese. For thoseAlorese verbswe cannot attest either omission or fossiliza-

tion of the subject prefix (Moro, 2019).

2.3 Phonological constraints on simplification

While it is clear that L2 acquisition during contact is an important factormedi-

ating the morphological simplification in Alorese, we explore the possibility

that the phonology of Alorese also played a role. As mentioned above, all the

Alorese inflectional suffixes were lost, while the inflectional prefixes were still
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retained in a number of verbs. That is, of the two inflection types, the verbal

suffixes were simplified more, and/or faster than the verbal prefixes. We sug-

gest that the explanation for this asymmetrymay be found in the phonotactics

of the inflected verbs.

It is generally known that phonology may play a role in morphological

simplification; both independent of language contact, as well as in situations

where language contact has occurred. For example, Sims-Williams and Baer-

man (2021: 24) show how internal sound change leads to the loss of an inflec-

tional marker in Geʾez, and the merger of markers in Classical Greek. Kusters

(2003) shows that Quechua underwent less profound morphological change

than Scandinavian, even though both were societies with many L2 speakers.

He explains this difference by the phonological changes that Scandinavian had

already undergone: because of the stress shifting to the beginning of the word

in Germanic languages, the unstressed end of the word underwent phono-

logical processes in Scandinavian that made it less morphologically transpar-

ent, and more prone to morphological simplification, compared to Quechua.

Kusters also describes contact-inducedmorphological simplification inArabic,

which was phonologically conditioned. And in Molineaux (2012), it is argued

that the different stress patterns of Romance borrowings were a factor in the

loss of certain affixes in early English.

Phonotactic constraints may be an important factor in contact-induced

morphological simplification for at least two reasons. Firstly, because the con-

ditions on the co-occurrence of sounds within words and syllables are sen-

sitive to contact. For example, simplification of consonant clusters in creole

languages is well attested (Blevins, 1995; Wurzel, 2001: 379).3 And crosslinguis-

tically, the complexity of the syllable structure can increase through contact

with a donor language that has a more complex syllable structure than the tar-

get language (Napoleão de Souza and Sinnemäki, 2023). Because phonotactic

structure is sensitive to contact in general, it is plausible that it also plays a role

in those contact processes that simplify morphology.

Secondly, crosslinguistically, there seems to be a relationship between

phonotactic and morphological complexity. The maximal phonotactic com-

plexity of syllables in a language and the degree of morphological synthesis

(number of morphemes per word) have been shown to correlate (Easterday et

al., 2021).

3 This is not a universal process however. Schramm (2014) stresses there is large variation in

creole syllable complexity and there are many instances in which consonant clusters are not

simplified.
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The phonotactic phenomenon we focus on here is that of consonant

sequences. In the remainder of this article, we will use the term consonant

sequences to describe any sequence of consonants, including sequences which

cross syllable boundaries, which is the object of study of this paper. Inmuch of

the literature, the term consonant clusters is used for sequences of consonants

within a syllable, and we will use this term when referring specifically to these

sequences (which are not the main focus of this work).

In both Western Lamaholot and Alorese, words generally consist of two

syllables, with CV and CVC as its main types of syllable structures (Klamer,

2011: 32–35; Nagaya, 2011: 71–79; Nishiyama and Kelen, 2007: 10). Verb stems are

mostly disyllabic forms, usually taking the shape (C)V.(C)V or (C)V.CVC.4 Con-

sonant sequences within a morpheme only occur in the combination

[nasal.voiced obstruent],where thenasal is the coda of the first syllable and the

stop is the onset of the second syllable (with the full stop indicating the syllable

boundary). Other consonant sequences are not allowed inAlorese.Morpheme-

internal consonants share their place features, so that a sequence like [m.b] is

attested but one like *[m.d] is not.

Coda consonants occurring at the end of verb stems in Alorese andWestern

Lamaholot are n, k or ʔ, and t. All the subject inflection suffixes start with n,

k and t; see Table 1. So, when subject suffixes attach to verb stems with a coda

consonant, thiswould create consonant sequences over themorphemebound-

aries, like n.k, n.t, k.n, k.t, t.n, t.k.5 Such sequences of non-homorganic stop-

nasal or nasal-stop sequences do not occurword-internally, and they are highly

marked across morpheme boundaries. These consonant sequences over mor-

pheme boundaries are possible inWestern Lamaholot (which can be regarded

as a hypothetical earlier state of Alorese), but not in Alorese.

We suggest that in Alorese, the asymmetry in the subject inflections shown

in thepartial retentionof inflectionalprefixes versus the complete loss of inflec-

tional suffixesmaybeexplainedby a constraint on consonant sequences,which

4 About 66 percent of the 522 Alorese words in Klamer’s (2011) limited corpus end in an open

syllable, while 34 percent end in a syllable with a final consonant.

5 When the final consonant of the verb stemand the initial consonant of the suffix are identical,

the ensuing consonant sequence might potentially be realized as a long or geminate con-

sonant (n.n, k.k, t.t). Alorese lacks phonemic geminates, while consonant lengthening only

occurs in word-medial position as an effect of stress on the penultimate syllable, and when

preceded by a vowel that etymologically relates to Proto-Alorese schwa *ə (Klamer, 2011: 30;

Sulistyono, 2022: 75). The hetero-morphemic sequences of identical consonants that arise by

adding a stem-final subject suffix to an unstressed syllable occur in a completely different

environment than the word-internal phonetic geminates.We assume that they are subject to

the same constraints as the other consonant sequences.
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is particularly strong at morpheme boundaries. Attaching a consonantal pre-

fix to a verb that is vowel-initial will always result in a simple CV syllable at

the beginning of the verb, and never in a sequence of consonants. However,

attaching a consonant-initial suffix to a consonant-final verb creates (hetero-

morphemic) consonant sequences, such as the unsimplified forms gəkər-kən

(example (3)) and balik-na ‘return-3sg’ (Nishiyama and Kelen, 2007: 32, 95).

We propose that the conditions on consonant sequences in Alorese, com-

bined with a tendency of L2 speakers to overgeneralize their strategies to avoid

such constructions, contributes to contact-induced morphological simplifica-

tion. We will now discuss our hypothesis in more detail.

2.4 Avoidance of consonant sequences by L2 speakers

In this paper, we study what happens with consonant sequences created

through affixing (see Dressler et al., 2019: 93–97) and that are part of separate

syllables. The sequences cross the morpheme boundary between the verbal

base and the pronominal suffix, and are part of the derived (phonological,

morphological) word. For consonant sequences in other contexts, such as con-

sonant clusters within the syllable or at the word end, it has been shown how

the clusters may be reduced in L1 and L2 acquisition (Dressler and Dziubalska-

Kołaczyk, 2006; Zydorowicz, 2010; Dziubalska-Kołaczyk and Zielińska, 2011;

Lardiere, 2003). We think some of the underlying principles also support the

reduction of consonant sequences over morpheme and syllable boundaries,

the focus of this work. Studies on both L1 and L2 speakers suggest that word-

medial consonant sequences are somewhat more stable than word-final

sequences (Dziubalska-Kołaczyk and Zielińska, 2010, 2011; Dziubalska-Koła-

czyk and Zydorowicz, 2014),6 but the studies show that in all positions con-

sonant sequences undergo reduction. The word-medial consonant sequences

in these studies partially overlap with the consonant sequences over syllable

boundaries and morpheme boundaries which are the focus of this paper.

Our hypothesis is that, when L2 learners learn a language with phonotac-

tic constraints on consonant sequences in specific contexts, the L2 speakers

will overgeneralize this avoidance of consonant sequences. Overgeneralization

lets L2 speakers avoid consonant sequences even in contexts where consonant

sequences would normally occur, such as when combining stems and affixes.

This overgeneralization account is consistent with evidence that L2 speak-

ers are less sensitive to the phonological environment than L1 speakers when

6 The results in Dziubalska-Kołaczyk and Zielińska (2010) additionally indicate that word-

medial consonant sequences are more stable than word-initial consonant sequences.
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reducing consonant clusters (Bayley, 1996). Simplification through overgener-

alization in this paper is assumed to be a universal effect of L2 acquisition, with

an influence of the typological distance between the L1 and L2.

From one perspective, the effect is universal, rather than a transfer effect.

The Alor-Pantar languages with which Alorese is in contact, such as Adang,

Blagar, Kaera, and Western Pantar, all have CV and CVC as their basic sylla-

ble structure types, like Alorese. They only allow consonant sequences in one

specific context: word-initial onsets with a liquid as second consonant (e.g.,

Western Pantar bro ‘dust’; Holton and Klamer, 2018: 587; Holton and Robin-

son, 2017: 68). Adang, the Alor-Pantar language which has a long established

history of contact with Alorese, does not allow consonant sequences within

the syllable at all (Robinson and Haan, 2014: 231). As mentioned, in Alorese,

consonant sequences within the morpheme are restricted to the combination

of homorganic nasal and stop across two syllables. Thus, both the Alor-Pantar

languages andAloresehave either very strong conditions or donot allowconso-

nant sequences within the morpheme. As the phonotactics of Alorese and the

Alor-Pantar languages are largely similar in this respect, we assume the simpli-

fication does not happen through transfer effects of the first language of the L2

speakers, in which linguistic material from this first language (e.g., a morpho-

logical pattern) is imported into the L2. Instead, we analyze the simplification

as being based on universal principles of language processing in L2 acquisition

(see Muysken, 2013).

Additionally, a universal effect of the typological distance between the L1

and L2 of L2 speakers may play a role. In Western Lamaholot, consonant

sequences are not allowed in most contexts, but certain consonant sequences

(of base-final coda, and suffix-initial onset) are allowed across morpheme

boundaries due to suffixing processes. If we assume that Western Lamaholot

is close to the pre-Alorese that served as the target for earlier generations of L2

speakers acquiring Alorese, L2 speakers did thus observe consonant sequences

in specific contexts in pre-Alorese, but still avoided them and overgeneralized

this avoidance. This may be due to the typological distance between Alorese

and the Alor-Pantar languages. The Alor-Pantar languages that are in contact

with Alorese (i.e., the L1 of the Alorese L2 speakers), lack subject affixes alto-

gether, while verbal prefixes express objects (Robinson and Haan, 2014: 266–

267). This leads to a mismatch, where L2 speakers fail to parse the meaning

of the subject suffixes on the verb, hence neither recognize the morpheme

boundaries nor the existence of consonant sequences that occur across those

boundaries. We thus assume that a universal effect of the typological distance

between languages (Thomason, 2001: 71, 76–77; see also Klamer, 2002: 377–

380), that have different morpho-syntactic alignment patterns, leads to over-
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generalization of constraints on consonant sequences. In the Alorese case,

the constraint is that a word may not have /C.C/ sequences, except a nasal-

obstruent sequence in word-medial position.

Avoidance of consonant sequences or clusters can result in deletion, sound

change, or vowel epenthesis to break up the consonant sequence (Zydorow-

icz, 2010; McCarthy, 2008), or avoidance and replacement of words with non-

permitted segment combinations (Dressler and Dziubalska-Kołaczyk, 2006:

60–61). Even though these are relatively small changes, there is broader evi-

dence that small phonological changes, combined with ensuing processes,

can lead to loss of affixes (see Sims-Williams and Baerman, 2021, and Kusters,

2003, discussed above). It seems therefore not unreasonable to assume that

the phonological changes resulting from the reduction of consonant sequences

could, under the influence of subsequent processes, eventually lead to loss of

affixes.

2.5 From local to holistic changes: Generalization

The avoidance of consonant sequences only applies to forms in the language

where consonant sequences appear during affixing. This makes it a relatively

local process. We hypothesize that this leads to a holistic process of morpho-

logical simplification for all verbs in the language.Thewhole verbal inflectional

system loses the expression of the categories of person and number.

In Western Lamaholot, which could be regarded as a predecessor state of

Alorese, about one-third of the attested suffixing verbs end in a consonant and

thus form a consonant sequence in combination with the suffix. How does the

loss of affixes spread from the verb formswith consonant sequences to the verb

formswithout consonant sequences?We think that processes of generalization

between lexical concepts are needed to explain this extension of forms from

one verb to the other (Prasada and Pinker, 1993). For example, after a simplified

form is used for the third person singular of a specific verb, it will then via anal-

ogy also be used for the third person singular of another verb. Generalization

through analogy has been shown to be a powerful force in morphology, such

as for the choice of linkingmorphemes within groups of words in Dutch (Krott

et al., 2001) and in the change of verbal morphology in Greek (Sims-Williams,

2016). Court et al. (2023) show, using a computationalmodel, howanalogyplays

a role in contact-induced morphological change in Maltese.

Our hypothesis thus becomes as follows: avoidance of consonant sequences

by L2 speakers, combined with mechanisms of generalization between lexical

concepts, could play a role in contact-inducedmorphological simplification in

Alorese and possibly in other languages. To test this hypothesis more clearly,

we will investigate it using an agent-based model.
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3 Agent-based model

3.1 Motivation

We want to study how phonotactic mechanisms (introduced in Section 2.4)

influence contact-induced morphological simplification in Alorese. As we

believe generalization plays an important role in spreading of changes through

the language system of an individual (Section 2.5), we would also like to test

how generalization conditions the influence of phonotactics on simplification.

Please note that we do not claim that phonotactic mechanisms are the only

mechanisms behind morphological simplification, but we would like to study

them in isolation to establish to what extent they could be responsible for pro-

cesses of contact-induced simplification.

Agent-based computer models (simulations of interactions between lan-

guage users) are one method to study these types of questions (Smith, 2014).

Agent-based models allow isolation and evaluation of conditions which are

difficult to manipulate in the real world. These models can be used to explore

hypotheses, which can be subsequently further validated using empirical

methods (de Boer, 2012; Gong et al., 2014). Agent-basedmodels have been used

before to study the influence of social factors (like population size and lan-

guage contact) on linguistic structure, usually in more abstract settings (Dale

and Lupyan, 2012; Lou-Magnuson and Onnis, 2018; Reali et al., 2018; de Bie

and de Boer, 2007). The models have also been applied to more concrete case

studies of contact-induced morphological and phonological change, such as

German case syncretism (van Trijp, 2013), convergence of the phonological

inventory in the Tibeto-Burman language Duoxu (Chirkova and Gong, 2019),

contact-induced morphological change in Mozambican Portuguese (Jon-And

andAguilar, 2019), and propagation of lexical items in the creole Sranan in Suri-

name (Cheunget al., 2022).7Toour knowledge, our study is the first agent-based

model investigatingwhether phonotactic factors play a role in contact-induced

morphological simplification.

We would like to construct an agent-based model of the verbal morphol-

ogy of Alorese that stays close to the real language, to be able to model the

language-specific phonotactics. The model is initialized with linguistic data

fromLewoingu Lamaholot, a variety of Western Lamaholot, whichwe consider

as a predecessor state of Alorese before it underwentmorphological simplifica-

tion. After running themodel, themodel outcome is compared to the linguistic

7 An additional line of work are mathematical models of language change, which study the

population as a whole, and have been used to investigate contact-induced simplification,

evaluated on Afrikaans and Afro-Peruvian Spanish data (Kauhanen, 2022).
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situation in Alorese, where morphological simplification has taken place, in

order to evaluate which mechanisms and parameter settings lead to an out-

come close to the situation in Alorese. The attested language history of Alorese

developing fromWestern Lamaholot and the geographical separation of West-

ern Lamaholot from contact with Alor-Pantar languages (see Section 2.1) make

it possible to considerWestern Lamaholot as a predecessor state of Alorese.

Because the difference betweenL1 andL2 learning has been characterized as

perfect versus imperfect intergenerational transmission (Kusters, 2003; Dubois

and Noetzel, 2005), we create a model of intergenerational transmission of

verbal affixes, in which the next generation has to learn from the previous

generation. This “vertical transmission” approach (see also iterated learning

approaches in Kirby and Hurford, 2002; Kirby et al., 2014) contrasts with “hori-

zontal transmission” approaches to agent-based modeling, where interaction

within one generation of speakers is modeled. In our model, the difference

between L1 and L2 speakers is defined by the fact that L1 speakers receive a

perfect copy of the language from the previous generation, while L2 speakers

have to learn it through interaction, which can lead to imperfect acquisition.

In reality, L1 speakers also acquire the language through interaction, but we

abstract away from this in order to focus on L2 transmission of the language.

When L2 speakers produce an utterance, phonotactic reduction and general-

ization mechanisms are applied.

In our model, we study how different factors interact: which combinations

of levels of phonotactic reduction, proportion of L2 speakers, and generaliza-

tion lead to morphological simplification? Although other factors could possi-

bly influence morphological simplification, such as community size, network

structure, andother cognitivemechanisms, these are not included in this study,

in order to fully focus on the effects of the mechanisms under study. Also, the

possibility of the innovation of new affixes is not part of this model.

3.2 Setup

Every simulation consists of a number of generations (default: 50), where every

next generation of agents has to learn the affixes for different verb-person com-

binations from the previous generation (see Fig. 3).8 The first generation g0
consists of only L1 speakers: all agents in this generation are initialized with

the full language (see Section 3.3). In every next generation gi, a new set of

8 As the model abstracts reality in several aspects, a generation cannot be exactly mapped to a

certain time period. However, the whole run of the model should approximately correspond

to the time it took to develop from the full morphology inWestern Lamaholot to nomorphol-

ogy in Alorese.
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figure 3 Overview of the intergenerational nature of our

agent-based model: L2 speakers in every new

generation learn from all other speakers in the

previous generation, while L1 speakers get the

language transmitted faithfully

agents is created, with a proportion of L2 agents which is set by a parameter

(see Section 3.7) and the rest of the agents being L1 agents. L1 agents in the

new generation do not get spoken to, they receive the full language faithfully.

The L1 agents thus serve as a stabilizing factor. L2 agents in the next generation

learn the language fromall agents (L1 and L2) in the previous generation.When

the new generation gi is created, every agent from the previous generation gi−1
engages in nipg interactions, speaking to the L2 agents in the new generation.9

In every interaction, this agent in previous generation gi−1 randomly chooses an

L2 agent in the new generation gi and speaks to it. If in an interaction, commu-

nication is successful, the L2 agent in the new generation updates its internal

representation, thus learning the language in this way from the previous gen-

eration (see Section 3.4).

3.3 Initialization

Themodel is exemplar-based (Pierrehumbert, 2001; Gahl and Yu, 2006;Wedel,

2006): every agent has a memory of previously perceived utterances (exem-

plars; see Bloem et al., 2015, for another example). In general, in an exemplar-

basedmodel, themore instances of a certain utterance there are in the list, the

higher the probability of using that utterance. Because an agent stores multi-

ple different possible utterances for a concept, there will be intra-individual

variation in usage of utterances to express a concept, just as in the real world.

9 The network structure between agents in different generations is thus fully connected. Other

types of network structures could lead to different patterns of spread of innovations (Fagyal

et al., 2010; Pierrehumbert et al., 2014; Josserand et al., 2021, 2024; Buzato and Cunha, 2024).
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table 1 Excerpt of the internal table of an agent, for five prefixing and five suffixing verbs (out of the

total of 56 verbs)

Concept Form Type Affixes

1sg 2sg 3sg 1pl.incl 1pl.excl 2pl 3pl

to sleep with itə prefix k- m- n- m- t- m- r-

to hunt iu prefix k- m- n- m- t- m- r-

will odi prefix k- m- n- m- t- m- r-

to improve olin prefix k- m- n- m- t- m- r-

to dream urən prefix k- m- n- m- t- m- r-

to return balik suffix ‑kən ‑ko, -no ‑na ‑kən ‑te ‑ke, -ne ‑ka

to eat buʾa suffix ‑kən ‑ko, -no ‑na ‑kən ‑te ‑ke, -ne ‑ka

to open buka suffix ‑kən ‑ko, -no ‑na ‑kən ‑te ‑ke, -ne ‑ka

to be born bəsuk suffix ‑kən ‑ko, -no ‑na ‑kən ‑te ‑ke, -ne ‑ka

to stand deʾin suffix ‑kən ‑ko, -no ‑na ‑kən ‑te ‑ke, -ne ‑ka

additional information from caption moved here, OK?
The left part (lexical concept, form) is the same for every agent and thus common knowledge. The right part

(affixes) is different per agent, and changes throughout the simulation. Every agent keeps a list of affixes per

concept. For L1 agents, it is initialized like in this table. For L2 agents, the affix lists are initialized empty: the

affix columns in this table would be empty.

Asagents convey combinations of lexical concepts and grammatical persons

using affixes, every agent keeps a separate list of affixes they have heard for

every combination of lexical concept and person; see Table 1. We initialize L1

agents with verb forms and affixes from a grammar of Lewoingu Lamaholot

(Nishiyama and Kelen, 2007: 31–32), which can be seen as the starting state of

Alorese, before it underwentmorphological simplification.Weuse 56 verb con-

cepts, which are the only verbs in the grammar explicitly classified as prefixing

or suffixing: 17 prefixing and 39 suffixing verbs. We do not take into account

frequency:10 the list of affixes is initialized with one exemplar if there is one

possible affix, or two exemplars if there are two possible affixes. The list gets

extended with more exemplars during the course of the simulation. For L2

agents, this list is initialized empty: the lexical concepts (verbs) and persons

are known, but no affixes are in the list. Initializing all agents with the same

10 In 2022, a corpus of Alorese became available (Sulistyono, 2022), with the dataset available

at https://dataverse.nl/dataset.xhtml?persistentId=doi:10.34894/APQDTX. Due to the

small size (one hour of recordings), only very rough estimates of concept frequencies

could be extracted.

https://dataverse.nl/dataset.xhtml?persistentId=doi:10.34894/APQDTX
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table of concepts and forms (with affixes for L1 and without affixes for L2) is a

simplifying assumption that introduces a certain common knowledge into the

model. The internal representation of the language in the agents stays close

to the real word forms in Alorese, which allows for modeling of the language-

specific phonotactics.

3.4 Interaction

In an interaction between a speaker and a listener, agents play a language game

(Steels, 1998): agents exchange signals (in this case affixes) and have to infer the

meanings (in this case grammatical persons); communication is successful if

the hearer ends up retrieving the meaning that the speaker intended. Table 2

gives an overview of one interaction between a speaker (from the previous gen-

eration) and a listener (from the new generation).

When an agent speaks, it randomly selects a concept it will speak about: a

combinationof a lexical concept (e.g., itə ‘to sleepwith’) and aperson (e.g., 1sg).

Based on the concept (lexical concept + grammatical person), it draws an affix

from the exemplar list for this concept. The speaker then sends an utterance,

consisting of the verb form (stem) and the affix, to the listener.

We assume the listener can understand the lexical concept from the verb

formwithout further inference: this is considered commonknowledge.This is a

simplifying assumption, to be able to focus purely on the role of the affixes and

their simplification in the model. The affix is used by the speaker, as the only

source of information, to determine the grammatical person that was meant

by the speaker. To keep themodel focused on affixmorphology, no information

from the pronoun is used to determine meaning by the listener.11 The listener

then infers the grammatical person by choosing the person of which the high-

est proportion of exemplars match the received affix. If multiple persons have

the same proportion of matching exemplars, one of these persons is randomly

chosen. Also if there is no matching exemplar, a random person is chosen: this

happens for example for just initialized L2 agents with an empty system. The

listener then sends the inferred concept, consisting of a lexical concept and a

person, to the speaker. The speaker answerswith a binary feedback signal, indi-

cating whether the concept is correct or not. If the concept was correct, the

interaction was successful. The listener then adds the affix used by the speaker

to its affix list for that concept.

11 Often the subject is expressed with a pronoun in Alorese (Klamer, 2011: 60–61) andWest-

ern Lamaholot (Nishiyama and Kelen, 2007: 13–15). Using only the affix, and not the

pronoun, to determine grammatical person is thus an abstraction of the situation in the

language. See Section 5 for a further discussion of the role of pronouns.
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table 2 Algorithm of one interaction in the simulation. l: lexical concept, p: grammatical person, a:
affix, pgen: generalization probability, pred: phonotactic reduction probability. Subscripts s and l
stand for speaker and listener

Speaker Listener

Sample ls,ps ∼ concepts
f ← concept formmap(ls)
With probability pgen :

Sample a ∼ affix list(conceptsaffixtype(ls))
Else

Sample a ∼ affix list(ls,ps)
With probability pred:

a ← phonotacticreduction(a, f)
Send f,a to listener

Receive f,a
ll ← formconceptmap(f)
pl ← p for which affix list(ll,p) has most

occurrences of a
If tie, randomly choose pl from pwith

highest occurrences

Point to ll,pl

Receive concept ll,pl

If (ll,pl = ls,ps)

Send nonverbal feedback: Correct

Else

Send nonverbal feedback: Incorrect

Receive nonverbal feedback

If Correct:

Append a to affix_list(ll,pl)

Else

Nothing

3.5 Phonotactic reduction

We implement a variant of the model that features phonotactic reduction. As

discussed in Section 2.4, reduction of consonant sequences can have several

outcomes, including deletion of segments, sound change, or vowel epenthe-

sis, which in the long run and in combination with other processes can lead

to full simplification of the affix. As a strong hypothesis to explore the ques-
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tion, we operationalize phonotactic reduction as a full simplification of the

affix once a consonant sequence arises during affixing. This full affix reduction

serves as a first approximation, which can later be refined by a more subtle

mechanism. One other variation we experimented with is dropping only the

single phoneme in the affix that borders on the stem (see Appendix A).

In the full phonotactic reductionmodel,with aprobabilitypred, which allows

for intra-individual variation, a producing L2 agent drops the full affix if adding

the affix to the stemwould lead to the formation of a consonant sequence. The

chosen data representation, staying close to the real word forms in Alorese,

allows for this modeling of language-specific phonotactics. This phonotactic

reduction is only performed by L2 speakers, and happens after an affix has

been chosen from the exemplar list and before it is sent to the listener. If the

phonemes on the morpheme boundary between stem and affix form a con-

sonant sequence, the affix is dropped.12 In this simplified representation, a

sequence of two different consonants or two of the same consonant is treated

in the same way: in both cases the affix is dropped.13 The stems of the verb

forms in the dataset do not contain consonant sequences; this sequence thus

always arises due to concatenation with an affix. The implementation of the

phonotactic reduction mechanism can be found in Table 3. The phonotactic

reduction probability is the probability that during one interaction, phonotac-

tic reduction is performed. The default setting is 1.0, so it is always performed

by L2 speakers.

3.6 Lexical concept generalization

As discussed in Section 2.5, a generalization mechanism is needed to spread

the changes through phonotactic reduction of individual lexical items caused

by phonotactic reduction across the full morphological system. Generalization

is operationalized in the following way: during production, with a probability

pgen per interaction, the agent picks an affix from the probability distribution

of that grammatical person for all lexical concepts for that affix type (prefix or

suffix), instead of just for the current lexical concept. Generalization only takes

12 The phonemes on the boundaries of the verb stem and the affix are converted to a CVpat-

tern, marking each phoneme as either a consonant (C) or a vowel (V), using the pyclts
library (List et al., 2020).

13 In some languages, reductionof geminatesmay lead todifferent outcomes thanother con-

sonant sequences: degemination can lead to a chain of other sound changes (Campbell,

2013: 41–42). In Alorese, geminates are not phonemic: lengthening of consonants is only

caused by stress in a list context (Klamer, 2011: 30). We assume geminates behave in the

same way as other consonant sequences, see also footnote 5.
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table 3 Definition of the phonotactic reduction function

phonotactic_reduction (affix, form):

fa ← morphemeboundaryphonemes(form,affix)
cv ← cvpattern(fa)
If CC ∈ cv

If drop_boundary:

affix ← dropboundaryphoneme(affix)
Else

affix ← ∅
Else:

affix unchanged

Return affix

place over lexical concepts, not over grammatical persons, and only takes place

over lexical concepts within the same affix type (prefix or suffix).

3.7 Evaluation

Separatemodels with proportions of L2 speakers between 0.2 and 1.0 are evalu-

ated, to analyze the dynamics of smaller and larger proportions of L2 speakers

in a society. The exact number of L2 speakers on the Alor-Pantar islands is not

known (especially not for historical times), but based on demographic data

gathered during fieldwork, it is estimated that more than 50 percent of the

speakers of Alorese are L2 speakers (Moro, 2019).14 Because this estimate is

rough and based on contemporary rather than historical data, it seems use-

ful to evaluate a range of values for the proportion of L2 speakers. This also

allows for the evaluation of how the morphological complexity changes with

an increasing proportion of L2 speakers.

The morphological complexity of prefixes and suffixes, for L2 speakers, is

evaluatedby theproportionof non-empty affixes in the exemplars of the agents

(average over all agents in population). This is a metric of syntagmatic mor-

phological complexity, taking into account the existence or number of mor-

phemes that are bound to a stem. An alternative would be to focus on paradig-

matic morphological complexity, based on the predictability of forms within

14 Moro (2019) asked local informants for estimates of the number of current speakers in

PapuanAlor-Pantar villageswho speakAlorese as L2. There are at least asmany L2Alorese

speakers in Papuan villages as there are L1 Alorese speakers in Alorese villages. This leads

to an estimate of at least 50 percent L2 speakers.
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the paradigm (Stump and Finkel, 2015). In the current model setting, includ-

ing intra-individual variation, the syntagmatic metric of proportion of non-

empty affixes seems most straightforward to compute and understand. For an

overview of measures of morphological complexity, seeMiestamo et al. (2008)

and Sagot (2013).

We evaluate the morphological complexity of L2 speakers, because the lan-

guage of L1 speakers is by definition stable in this model. This is also the reason

we do not evaluate for a proportion of L2 speakers of 0.0: in that case all agents

would learn perfectly, and no change would take place.

4 Results

Simulations were run with the default model settings described in Table 4,

unless otherwise stated. See Appendix B for a parameter exploration of some

of these settings.

4.1 Model results

We evaluate the model with full phonotactic reduction (the whole affix is

dropped if the morpheme boundary constitutes a consonant sequence) for

different proportions of L2 speakers (for results for the boundary phoneme

reduction model, see Appendix A). We plot the morphological complexity for

different affix types (prefix/suffix, L1/L2), measured by the number of affixes

in the language system of the agents that are non-empty. Figure 4a shows the

result for the model without lexical concept generalization: here the morpho-

logical complexity (proportion of non-empty affixes) of suffixes drops by about

10 percentwith increasing proportions of language learners, while themorpho-

logical complexity for prefixes does not decrease. The prefix result in this figure

could be regarded as a kind of baselinemodel: in this model, no generalization

takes place, and because prefixes do not give rise to any consonant sequences,

it can be established from the mechanics of the model that no phonotactic

reductionwill take place here. Figure 4b shows thatwith a generalization prob-

ability of 0.1, a sharper decrease inmorphological complexity of suffixes (about

20 percent) takes place with an increasing proportion of L2 speakers. The com-

plexity of prefixes stays unchanged: this corresponds to the situation inAlorese.

This result thus shows that a combination of the effects of incomplete trans-

mission through adult language learning, a phonotactic reductionmechanism,

and generalization leads to the largest decrease of morphological simplifica-

tion. Suffixes simplify, while prefixes do not, which is congruent with the doc-

umented changes in Alorese.



2024493 [LDC-2025-15.1] 10036-Dekker-et-al-proof-01 [version 20250423 date 20250423 16:21] page 22

22 dekker, klamer and de boer

Language Dynamics and Change 15 (2025) 1–39

table 4 Model settings used in the agent-based model

Setting Value Note

# generations 50

# agents per generation 10

# interactions per generation (nipg) 10,000

# model runs 10 results are an average over these runs

generalization probability (pgen) 0.1

phonetic reduction probability (pred) 1.0

Generalization is needed to spread the use of the empty form from lexical

concepts which give rise to consonant sequences to lexical concepts whichwill

never lead to the creation of consonant sequences. Figure 4c shows the num-

ber of unique affixes per agent. Figure 4d shows the proportion of interactions

where the concept is correctly inferred, a measure of communicative success.

Both of these metrics stay relatively stable across different proportions of L2

learners.

4.2 Evaluation of lexical concept generalization probability

Figure 5a shows, for the model with phonotactic reduction enabled, how dif-

ferent values of the lexical concept generalization probability influence the

morphological complexity (here only reporting suffix of L2 speakers). As seen

in themodel results (Section 4.1), this evaluation graph shows thatwithout gen-

eralization (yellow line), the phonotactic reduction mechanism gives only a

decrease in morphological complexity of about 10 percent. Surprisingly, a low

generalization probability of 0.1 (green line) led to the highest decrease in com-

plexity of 20 percent, while higher values of the generalization probability led

to smaller decreases in complexity. This probably happens because for higher

generalization probabilities, the communicative success, measured by the pro-

portion of interactions where the concept is correctly inferred, becomes lower

(Fig. 5b), because it becomes more difficult to comprehend a concept when

the distribution over all concepts is used when producing a form. When there

is high communicative success (at low generalization probabilities), it allows

the empty affix, which is most common across all lexical concepts, to spread.

The generalization mechanism thus functions through the spread of an

innovation that is most common across lexical concepts. In the current model,

the source of the innovative form is the phonotactic reduction mechanism,

which (when full phonotactic reduction is performed), reduces every affix to
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figure 4 Results for model with phonotactic reduction, for different proportions of L2 speakers and dif-

ferent affix types (prefix/suffix, L1/L2). Phonotactic reduction probability 1.0; lexical concept

generalization probability of 0.0 in (a) and 0.1 in (b)

figure 5 Evaluation of different lexical concept generalization probabilities. Phonotactic reduction

probability fixed to 1.0
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the empty affix, leading to a situationwith one clearmost common innovation.

However, if a similar generalizationmechanismwere used in amodel studying

a different linguistic question, the most common innovative form could take

a completely different shape (e.g., an innovative lexical item), but the general-

ization mechanism would spread this innovation in the same way.

For evaluation of other parameters (phonotactic reduction probability,

number of agents, number of interactions per iteration), see Appendix B.

5 Conclusion and discussion

We studied the role that phonotactic mechanisms could play in contact-

induced morphological simplification using an agent-based model of Alorese,

an Austronesian language in contact with Papuan languages.We hypothesized

that the phonotactic structure of the language subject to change is a factor

in contact-induced morphological simplification. We proposed that L2 speak-

ers overgeneralize the phonotactic restrictions in the language they acquire

and avoid consonant sequences caused by affixing. This process then leads

to the loss of affixes. Our results show that, under the assumptions of our

model, this phonotactic reduction mechanism in combination with a gener-

alization mechanism and a high proportion of L2 speakers, leads to a similar

situation as that observed in Alorese: simplification of the suffixing morphol-

ogy, while keeping the prefixing morphology intact. Generalization is needed

to spread the empty form from verbs which give rise to consonant sequences

to verbs that do not give rise to consonant sequences. The generalization

mechanism fosters the use of an innovation that is frequently used over many

lexical concepts, in this case the empty affix, which could be a more gen-

eral mechanism that plays a role in other instances of language change. Our

results highlight the role of multiple interactingmechanisms inmorphological

change.

The implemented phonotactic reduction mechanism, which deletes the

entire affix when a consonant sequence arises when concatenating stem and

affix, is a strong mechanism, and an abstraction of the processes of reduction

of consonant sequences that happen in reality. A criticism of computer mod-

els is that sometimes the output of the model can easily be predicted from the

mechanisms in the model (see de Boer, 2012). However, in our model, a strong

mechanism has a surprisingly small effect: it causes only a moderate amount

of morphological simplification with increasing proportions of L2 speakers.

This can be explained by the pressure for communicative success in themodel:

formswhich do not disambiguatemeaningwell, such as the empty affix, have a
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low chance of being retained by the listener and reproduced. A further explo-

ration of the model (see Appendix A) suggests that a less far-reaching oper-

ationalization of phonotactic reduction, namely, deleting only the boundary

phoneme of the affix, leads to a possible precursor of morphological simplifi-

cation, with qualitatively similar outcomes to the model where the full affix is

dropped.

We have given modeling evidence for the role of phonotactic mechanisms,

specifically avoidance of consonant sequences, in contact-induced simplifica-

tion in only one language, Alorese, which has a specific contact history, and

linguistic profile. However, as interactions between other domains of phonol-

ogy and contact-induced morphological simplification have been reported for

other languages (see Section 2.3), we expect that the phonotactic mechanism

in morphological simplification discussed in this paper is a more general one,

that plays a role inmore languages.We specifically expect thismechanism tobe

active in language contact situations where the acquired language has strong

constraints on its phonotactics and where there is a large typological distance

between the L1 and L2 of the L2 speakers.

The subtle effect that phonotactic reduction has in themodel indicates that

phonotactic mechanisms form just one part of the explanation of contact-

inducedmorphological simplification, alongsidemultiple other processes. The

case study of Alorese already shows a few of these other processes, with yet

other mechanisms possibly acting in other languages. Firstly, stress may be

an additional phonological factor that could play a role in contact-induced

morphological simplification, as exemplified by Kusters (2003) andMolineaux

(2012). Stress in Alorese is on the penultimate syllable of the stem (Klamer,

2011: 32–33). Because the suffix is unstressed, and attaches to the ultimate,

unstressed, stem syllable, the suffix may be more prone to loss. Secondly, the

prefixing verbs that retained their prefix in Alorese are in general frequently

used verb concepts (‘to go,’ ‘to eat,’ ‘to drink’): high frequency of use may have

helped to protect irregular forms (Bybee and Thompson, 1997; Diessel, 2007).

Finally, in Alorese, the number of L2 speakers has been remarkably high (50

percent or more of the population) for a prolonged period of time (600–700

years); no language shift of Papuan L1 speaking communities to Alorese has

occurred; and only 5 percent of the Alorese lexicon consists of Papuan loan-

words. In Sika, a related language from the Flores-Lembata group, a situa-

tion of massive morphological simplification also occurred, but this case likely

involved a rapid shift to Sika, possiblywithin just one generation, and the trans-

fer of a large number of loanwords (making up 38 percent of the lexicon) from

the L1 languages into Sika (Klamer, to appear). This shows that contact sit-

uations resulting in similar morphological simplification may have different
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outcomes in other linguistic respects. In addition, the socio-demographics of

the contact situation, including the proportion of L2 speakers, the age of L2

acquisition (adults/children), and the duration and intensity of the contact,

can fundamentally change the linguistic outcome. For example, Moro (2021)

shows that in Alorese, an earlier phase of children (with L1 Alorese) acquir-

ing Alor-Pantar languages led to additive transfer of constructions from Alor-

Pantar languages to Alorese.

In the currentmodel, the listener infersmeaning only from the affix. It could

be interesting to study a model where, once the morphology has been lost to

such an extent that affixes fail to disambiguate, pronouns and syntactic phe-

nomena like word order become used as means to conveymeaning. This could

possibly lead to a dynamic where the rise of pronouns and syntactic construc-

tions further speeds up the morphological simplification because the affixes

becomeeven less needed to carrymeaning, leading to a self-reinforcing process

of morphological simplification. These complexity trade-offs between linguis-

tic domains are a topic of active discussion (Plank, 1998; Fenk-Oczlon andFenk,

2008; Sinnemäki, 2008; Bentz et al., 2023; Benítez-Burraco et al., 2024).

In this paper, we hope to have shown that a language’s phonotactics, and

specifically the avoidance by L2 speakers of using consonant sequences during

morphological affixing, is one piece of the puzzle to explain how morphologi-

cal simplification under adult language contact occurs.

Supplementary materials

All code can be found in Zenodo repository https://zenodo.org/records/15085

932 and Github repository https://github.com/peterdekker/agents‑intergenera

tional.
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Appendix A: Boundary phoneme reduction model

A.1 Model results

In the boundary phoneme reduction model, instead of dropping the full affix

(reported in the main article), only the phoneme of the affix bordering on the

stem is removed in case of a consonant sequence. The boundary phoneme

mechanism leads to a more gradual reduction, shortening affixes but not fully

deleting them, so we now measure the morphological complexity by the aver-

age affix length (number of phonemes). Again, this is evaluated only for the L2

speakers.

Fig. 6 shows the results for the boundary phoneme reduction model. In this

model, average affix length is used as a proxy for morphological complexity,

which cannot be fully compared to the proportion of non-empty affixes used

for the full affix reduction model. However, the results show some similarities

to the full affix reduction model: without lexical concept generalization, the

morphological simplification is small (Fig. 6a).With a generalization probabil-

ity of 0.1, which gave a larger decrease in morphological complexity in the full

affix reduction model, no large decrease is reached in this boundary phoneme

model (Fig. 6b). However, in contrast, in this boundary phoneme reduction

model, higher generalization values lead to more morphological simplifica-

tion, so a generalization probability of 0.5 leads to a stronger morphological

simplification (Fig. 6c). Although this shortening in terms of affix length is not

completemorphological simplification, it could be a stage prior tomorpholog-

ical simplification. Removing phonemes from affixes leads to a higher, but still

stable, number of unique affixes than in the full affix reductionmodel (Fig. 6d).

Apparently, this larger variation in suffixes does not lead to more ambiguity, as

the proportion of interactions where the concept is correctly inferred (Fig. 6e)

stays stable with increasing proportions of L2 speakers.

A.2 Evaluation of lexical concept generalization probability

For the full affix phonotactic reductionmodel presented in themain article, the

decrease in morphological complexity (measured in proportion of non-empty

affixes) was highest for low generalization probabilities (0.1). The morpholog-

ical complexity in the boundary phoneme reduction model shows a differ-

ent pattern, although it cannot be directly compared, because it is measured

using a different metric, the average affix length. For the boundary phoneme

model (Fig. 7a), the average affix length simplifies with increasing general-

ization probabilities. The proportion of correct interactions decreases with

increasing generalization probabilities (Fig. 7b) like in the full affix reduction

model.
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figure 6 Model results with phonotactic reduction of boundary phoneme. Influence of the proportion

of L2 speakers on the different affix types (prefix/suffix, L1/L2). Phonotactic reduction prob-

ability fixed to 1.0; lexical concept generalization probability of 0.0 in (a), 0.1 in (b) and 0.5 in

(c)
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figure 7 Evaluation of different lexical concept generalization probabilities for boundary phoneme

reduction model. Phonotactic reduction probability fixed to 1.0

In the full affix reductionmodel discussed in themain article, the generaliza-

tionmechanism spreads the empty affix asmost common form to all concepts.

For the data this model is initialized with (Table 1), the boundary phoneme

reductionmodel does not lead to the formation of empty affixes, so there is no

clear candidate for a most common form that is spread by the generalization

mechanism.

Appendix B: Evaluations of parameters

B.1 Phonotactic reduction probability

In the experiments in the main article, a phonotactic reduction probability

of 1.0 is used. Fig. 8 shows how morphological complexity, only for the suffix

of L2 speakers, changes with an increasing proportion of L2 speakers, for dif-

ferent values of the phonotactic reduction probability. In these experiments,

the generalization probability is fixed to 0.1. The results show that morpho-

logical complexity drops faster when the phonotactic reduction probability is

higher.This is to be expected, as thephonotactic reductionprobability is a force

towards simplification.

B.2 Number of agents

In the reported experiments, a default of 10 agents per generation are used.

Fig. 9 shows how the number of agents per generation influences the morpho-

logical complexity in the model. The results show that the model outcomes do

not depend crucially on the number of agents
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figure 8

Evaluation of morphological

complexity (proportion of

affixes non-empty, only suffix

of L2 speakers) for different

phonotactic reduction prob-

abilities and proportions of

L2 speakers. Lexical concept

generalization probability is

fixed to 0.1, full phonotactic

reduction

figure 9

Evaluation of morphological

complexity (proportion of

affixes non-empty) for dif-

ferent numbers of agents.

Lexical concept generaliza-

tion probability is fixed to 0.1

and phonotactic reduction

probability 1.0, full phonotac-

tic reduction

B.3 Number of interactions per generation

In the main experiments, a default of 10,000 interactions per generation are

used. Fig. 10 shows how the number of interactions per generation influences

the model outcomes. A number of interactions per generation lower than

10,000 leads to a low communicative success, while from 10,000 and upwards

the communicative success is quite comparable (Fig. 10b). Models with fewer

interactions give in some cases a larger drop in morphological complexity

(Fig. 10a), but this is then caused by the low communicative success. We eval-

uated the model also over a higher number of generations than in the main

experiments: 100 instead of 50. We can see in the graph over generations that

the results stabilize after 50 generations (Fig. 10c). 10,000 interactions per gen-

eration seems a level at which the communicative success is high and above
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figure 10 Evaluation of suffix L2 for different phonotactic reduction probabilities and proportions of L2

speakers. Lexical concept generalization probability is fixed to 0.1 and phonotactic reduction

probability is fixed to 1.0, full phonotactic reduction

which themodel results do not qualitatively differ, so we used this for ourmain

simulations.

It is insightful to evaluate the number of interactions per generation in the

light of how many interactions take place per paradigm cell during a genera-

tion. Every interaction, a random paradigm cell (7 person-number combina-

tions) is chosen for a random verb (56 verbs), which leads to a total of 392

paradigm cells. With 10,000 interactions per generation, on average 10,000 /

392 = 25 interactions take place per cell. For 2,000 interactions per generation,

this amounts to only 5 interactions per cell. For these low numbers of interac-

tions per cell, it will be more difficult to obtain stable model behavior, which

also shows in the number of successful interactions (Fig. 10a).


