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Abstract

The analyzed data provide evidence for sound changes that involve cumulative effects in the
phonologization of phonetic duration. The data come from Kashubian, an understudied, endangered
language spoken in northwestern Poland, and illustrate two historical processes: preservation and loss
of ultra-short vowels (jers) and compensatory lengthening. The unified analysis of the two processes
hinges on a reinterpretation of phonetic vowel duration as phonological length. Phonetic duration is
contextual: Vowels in head syllables, in open syllables, and before voiced consonants tend to be longer
than vowels in non-head syllables, in closed syllables, and before voiceless consonants. The effects are
cumulative in the sense that all three conditions must co-occur on a single vowel. The discussed
changes provide support for phonological models that (i) allow phonological constraints to access fine-
grained phonetic information and (ii) are capable of deriving cumulative effects. The data contribute to
the typology of cumulative processes by providing novel evidence of alternations that are simulta-
neously conditioned by the prosodic and segmental context.

1. Introduction

Phonetically based sound change occurs when a subphonemic coarticulatory effect is
detected and phonologized under specific conditions (Andersen 1973, Ohala 1981, Blevins
2004)." For example, contextual vowel nasalization is interpreted as contrastive when the
conditioning environment, a nasal consonant, is lost. In a likely trajectory, the speaker
intends to pronounce an oral vowel followed by a nasal, /Vn/, but due to coarticulation the
vowel comes out as contextually nasalized, [Vn]. Insofar as speech is variable, the pool of
possible realizations of the sequence includes one with considerable reduction of the nasal
consonant, [V]. The utterance may then be interpreted as including a phonological nasal

! Phonologization is a process through which a non-contrastive property becomes contrastive (phonemic).
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vowel, /V/. This mechanism is responsible for the emergence of nasal vowels in phonemic
inventories (Ohala 1992).”

Cumulative effects occur when two or more triggers exerting the same coarticulatory
effect are required for phonologization; one trigger is not sufficient. In this paper, two
sound changes in Kashubian are analyzed. The shared mechanism underlying the two
processes involves the phonologization of contextual lengthening of vowels. Three
conditions inducing phonetic lengthening must be simultaneously fulfilled to trigger
phonologization: The vowel must be in a head syllable, in an open syllable, and followed
by a voiced consonant. As represented in (1), phonetic lengthening occurs in (1a), where
the first vowel appears in a head syllable, in an open syllable, and before a voiced
consonant, marked as ‘d’, but not in (1b), where the vowel occurs in a head syllable, in
an open syllable, but before a voiceless consonant, marked as ‘t’. As shown in (1a), when
the final vowel is lost (due to an independent process), the additional phonetic length is
phonologized. This is an instance of a cumulative effect, as all three conditions are
necessary. The cumulative effect is notable for yet another reason. The necessary condi-
tions are of a different type: The head syllable and the open syllable requirements are
prosodic, while the requirement of a following voiced consonant is segmental. Cumulative
effects are treated using local constraint conjunction (LCC) in Optimality Theory (OT,
Smolensky 1993).

(1) a. /CVAV/ — [(CV:.dV)] — [CV:d] — /CV:d/
b. /[CVtV/ — [(CVV)] — [CVH] — /CVY

The analysis is cast in the BiPhon model, a bidirectional model of phonology and
phonetics (Boersma 1998, 2011; Boersma & Hamann 2008). Bidirectionality means that
both the speaking process (production) and the listening process (comprehension) are
modeled. With relevance to the study of phonetically based sound change, the model uses
two phonological representations (underlying and surface) and two phonetic representa-
tions (auditory and articulatory). Unlike the models advocated in, for example, Kiparsky
(1982), Lombardi (1991), and Kenstowicz (1994), where the relation between the
phonological and phonetic representations is serial, the evaluation of representations in
the BiPhon model runs in parallel. Crucially, phonology has access to phonetic detail, as
phonological and phonetic representations are simultaneously available. OT constraints
are used to evaluate either a single level of representation or a relation between two levels
of representation. In this framework, sound change typically occurs in comprehension. It
is modeled in OT using cue constraints, which map auditory categories to phonological
categories.

In accounts that employ the BiPhon model, sound change occurs in comprehension,
which means that such accounts are listener oriented. However, among the vast range of
phonetically based approaches that can be used to model sound change are also those that
are speaker oriented. For example, Jun (2004), Steriade (1997, 2009), Hayes & Steriade

2 This traditional account of the emergence of contrastive nasal vowels, though sufficient for the present
purposes, might be oversimplified; see Beddor (2009) and Carignan et al. (2021), who present evidence that
decoupling of gestural sub-components of speech segments plays a key role in mechanisms of sound change.
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(2004), Flemming (2008), and Stanton (2017, 2018) argue that phonetic patterns are to a
significant extent under the speaker’s control. The resulting context-dependent phonetic
variations can lead to synchronic alternations. By extension, sound change results from
synchronic pressures implemented by the speaker, which means that synchronic biases
must be available to accounts of sound change. I do not take a position on the debate about
listener- versus speaker-oriented approaches to sound change, as the Kashubian pattern
can be successfully modeled in either of the two approaches. Instead, I focus on the
pivotal tenet that phonetically based approaches share: Fine-grained phonetic informa-
tion is visible to phonology. Put differently, phonological computation has access to
phonetic details, including cumulative coarticulatory effects.?

This paper is structured as follows. Section 2 provides a brief description of the
Kashubian sound system. Section 3 describes the preservation and loss of jers and sheds
light on the phonetic conditioning of the process. Section 4 puts forward a constraint-based
analysis couched in the BiPhon model. Section 5 provides additional evidence for the
proposed analysis by focusing on another change with a similar rationale: compensatory
lengthening (CL). Section 6 draws a comparison between the two processes. Section 7
discusses remaining issues and alternative analyses.

2. Kashubian: Background

Kashubian, together with Polish and Polabian (the latter extinct), is classified as a Northwest
Slavic or Lechitic language. This endangered language is spoken today mainly in the
northwest of Poland (eastern Pomerania). According to data from the 2021 national census,
the number of people in Poland who declare Kashubian as their language is 89,198 (Statistics
Poland 2023). Most contemporary speakers of Kashubian are bilingual, with Polish their
first or second native language.

A feature table and a representation of the vowel system of Central Kashubian are given in
(2). In modern Central Kashubian, vowels are not contrastive for length. To draw a
distinction between central and back vowels, the feature [-back] represents front and central
vowels and the feature [-front] represents central and back vowels. Descriptive sources
concur that there is a great deal of dialectal, interspeaker, and intraspeaker variation in the
realization of vowels (e.g. Breza & Treder 1981: 33; Topolinska 1982; Jocz 2013: 187-188).
Given the attested variation of vowels, for clarity, the transcription in this paper will employ
the most common variants, as given in Jocz (2013).

3In support of speaker-oriented approaches, Stanton (2018) discusses environmental shielding, a process
through which the phonetic realization of nasals depends on its vocalic context: nasals are prenasalized stops
before oral (/ma/ — [mbal]) but not nasal (/md/ — [ma]) vowels. Crucially, environmental shielding is limited to
languages that have a V-V contrast, which is taken as evidence that it serves to preserve this contrast. Stanton (2018)
proposes a synchronic analysis of shielding which employs constraints enforcing contrast enhancement. However,
Boersma & Hamann (2008) demonstrate that in listener-oriented bidirectional models acquisition comes with an
automatic bias towards balancing distinctivity and articulatory effort.
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(2) The vowel system of modern Central Kashubian (excluding diphthongs and nasal

vowels)
ijle|it|le|lun|o|alulo front central back
front L e e e e B e R high i i Lt} u
back R e R e I T N B mid € 5} E) 5
high + -+ -+ - -]+ - low a
low B e T T I S B P
rounded D e e B e e e e A

Dialects of Central Kashubian fall into two groups regarding the stress pattern. In
system I, stress is fixed on the same syllable in a paradigm, e.g. /tfa'rovpits-a/ ‘witch’
n.sg., /tfa'rovpits-ama/ instr.pl., /tfa’rovnits/ g.pl. In system II, stress is word-initial, e.g.
/'jaskuwk-a/ ‘swallow’ n.sg., /'jaskuwk-ama/ instr.pl. (Breza & Treder 1981: 20-21).

The following sections discuss the preservation and loss of jers. Section 5 focuses on
CL. The two processes share the basic mechanism: phonologization of phonetic length.
However, they differ in their sensitivity to metrical structure.

3. Preservation and loss of jers: Data

At the outset of the analysis of the preservation and loss of jers, the necessary background
and the main data are provided. Section 3.2 offers a historical account.

3.1. Background and data

I follow Bethin (1998: 25-26) in assuming that quantity was phonologically relevant in
Common Slavic (CS). CS is reconstructed with a nine-vowel system (plus two nasal vowels:
/¢/ and /o/), as shown in (3) (Lindstedt 1991, Bethin 1998).

(3) short: 1 U long:i iu
e a € a

In research on Slavic languages, vowels 1 and 1 are termed jers and are described as ultra-
short vowels, /1/ and /u/ (Bethin 1998). In Late Common Slavic (LCS), jers were subject to
strengthening and weakening depending on the syntagmatic context. Word-final jers and jers
before a non-jer vowel were weakened, while jers in the context of another jer in the next
syllable were strengthened. This generalization is termed Havlik’s Law. Following Bethin
(1998), Havlik’s Law can be represented as a [strong—weak] grouping of two consecutive
jer syllables. Havlik’s Law is closely related to RHyTHMICITY, Which is defined as a type of
prominence found in foot-sensitive contexts which creates a contrast between strong and

https://doi.org/10.1017/50022226725100789 Published online by Cambridge University Press


https://doi.org/10.1017/S0022226725100789

Journal of Linguistics 5

weak syllables. The contrast may or may not involve stress (Gonzalez 2007). For
example, LCS *Sivici, *$ivica n.sg., g.sg. evolved into Ukrainian Svec’ /[vets'/, Sevcja
/fewts'a/ ‘shoemaker” (Bethin 1998: 105). The weak jers were eventually lost, while the
strong jers were preserved and developed into non-jer vowels, usually /o/, /e/, /a/, or /a/,
depending on the dialect of Slavic (Bethin 1998: 104). The application of Havlik’s Law is
schematized in (4) (‘1 stands for a jer, T or @, ‘w’ for weak and ‘s’ for strong).

4 wlsw] [s w]
Sivicl Sivica
e e
Ukr. /fvets'/ Ukr. /fewts’a/

While Kashubian generally complied with Havlik’s Law, it added a condition: voicing of
the intervening consonant. The data in (5) are taken from Andersen (1970: 64-66),
Timberlake (1988: 226-227), and Czaplicki (2020: 112-114) (C = consonant, Y = jer.
d = voiced consonant, t = voiceless consonant, # = word boundary). Transcription and
modern spelling are used. Reconstructed cognates from LCS are provided in the last column.
Historical jers, as visible in the LCS cognates, show up as [¢] ~ @ and [i/i] ~ @ alternations.
Modern Kashubian shows final obstruent devoicing. The loss of jers occurred at an earlier
stage, that is, when voiced obstruents could appear word finally.

(5) (a) #CYCYH#: Jer preservation: monosyllabic stems with a historical jer

pjes <pies> ps-a <psa> ‘dog’ n.sg./g.sg. *pisil
tfep <czep> kp-a <kpa> ‘idiot’ n.sg./g.sg. *kipt
ng <wesz> -0 <wsz&> ‘louse’ n.sg./g.sg. *vifi
len <len> In-u <lnu> ‘flax’ n.sg./g.sg. *in
tfes <czerz> ks-a <krza> ‘bush’ n.sg./g.sg. *kr’1
dz_ip <dzén> dp-a <dnia> ‘day’ n.sg./g.sg. *dini

(b) YdY: Jer preservation: before a voiced consonant
marxjef <marchiew> marxfj-¢ <marchwie> ‘carrot’ n.sg./g.sg. *murxtivi
3ed3ef <z06dzew> 30gVvj-€ <zOgwie> ‘torch’ n.sg./g.sg. *zaglivi
grstip <grédzén>  gradp-a <grédnia> ‘December’ n.sg./g.sg. *grudini
bamben <baben> bambn-a <bdbna> ‘drum’ n.sg./g.sg. *bobint
wesew <Osel> wesw-a <oOsta> ‘donkey’ n.sg./g.sg. *osili
WSZEW <orzél> wezw-a <oOrzta> ‘eagle’ n.sg./g.sg. *ortlt
pros-sb <proseb> prozb-a <prosba> ‘request’ g.pl./n.sg. *prosibi
letfsE <léczeb> lodzb-a <léczba> ‘number’ g.pl./n.sg. *Jitfibu*

(c) YtY: Jer loss: before a voiceless consonant
pelts <polc> pelts-a <polca> ‘finger’ n.sg./g.sg. *palitsi
dobotk <dobétk> dobotk-wi <dobétku> ‘possessions’ n.sg./g.sg. *dobitiki
wetst <oct> wetst-a <octu> ‘vinegar’ n.sg./g.sg. *otsitil
ksept <krzept> ksept-a <krzeptu> ‘back’ n.sg./g.sg. *xribitl
wufs <6ws> wufs-a <éwsa> ‘oats’ n.sg./g.sg. *ovist
ruf-k <r6zk> ruf-k-a <rézka> ‘horn’ dimin. n.sg./g.sg. *rozikl
ptef-k <ptoszk> ptef-k-a <ptoszka> ‘bird’ dimin. n.sg./g.sg. *putafiki

dom-et[-k <domeczk> dom-etf-k-wi <domeczku> ‘house’ dim. n.sg./g.sg. *domutfikt

* Genitive plural forms like /praseb/ and /lotfeb/ are useful in illustrating the full conditioning of jer retention
(i.e. before voiced consonants, 1nclud1ng obstruents) but are practically unattested in current usage, as they have
been replaced with forms with the expansive genitive plural suffix /-uf/, e.g. /prozb-uf/ and /ladzb-uf/.
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The items in (5a) show that when the stem is monosyllabic and contains a historical jer, the
jer is preserved and pronounced [g] <e> or [i/i] <é>. This generalization is exceptionless and
is likely driven by a constraint against asyllabic words (Andersen 1970: 69). In the context of
astem-final voiced consonant (obstruent or sonorant) the penultimate jer is also preserved, as
shown in (5b). However, when the stem-final consonant is a voiceless obstruent, the jer is
lost, as in (5¢). The processes that produced this pattern were fully regular. The counts of
items given in Andersen (1970) for the three conditions in (5) are 17,27, and 38, respectively.
However, the list is easily extendable. The items in (5c) can be directly compared with their
Polish counterparts, which retain the historical jers in this context, e.g. /palets/, /dobitek/,
/otset/, /roz-ek/, and /dom-etf-ek/. Bearing in mind that the items on the left had a jer-ending
-i/-tin LCS, it appears that in order to be preserved in Kashubian, a jer had to be in the strong
position, thus observing Havlik’s Law, but it also had to be followed by a voiced consonant,
as represented in (6) (C = consonant, V = full vowel, Y = jer, d = voiced consonant,
t = voiceless consonant; based on Czaplicki 2020: 115).>

(6) Conditioning of the preservation and loss of jers in Kashubian
Jer preservation: LCS CYdY > Kash. CVd e.g. *grudini > /grodzin/
Jer loss: LCS CYtY > Kash. Ct e.g. *palitsi > /pelts/

3.2. A historical account

The proposed explanation invokes phonetic duration of vowels and is based on Andersen
(1970), Timberlake (1983a, 1988), and Czaplicki (2020). Polish, in which the phonolo-
gization of phonetic length was less restricted than in Kashubian, is discussed first. A
discussion of the Kashubian data follows. In the evolution from LCS to Polish, open
syllable lengthening was sufficient for the phonologization of phonetic length, as sche-
matized and exemplified in (7) (C stands for a consonant, either voiced or voiceless).® The
second stage shows PHONETIC lengthening of the jer in the strong position due to an open
syllable (indicated by parentheses). The final stage documents the loss of the conditioning
context, a final jer, and phonologization of length on the preceding jer. The lengthened jer is
phonologized as a full vowel, as its length can no longer be attributed to the syntagmatic
context.

(7) LCS CYCY  *palitsi
CY(:)CY pali(:)tsi
CcvC pal’ets > Polish palets

In Kashubian, the effect of open syllable lengthening was not sufficient to preserve a
jer and had to be reinforced by the effect of the lengthening due to a following voiced

3In LCS, in certain words, jers appeared before consonant clusters, as in *viitiiklii ‘stick out’ past 3rd sg. and
*prifidli ‘come’ past 3rd sg. The voice specification of the first consonant in the cluster determined the loss/
preservation of a preceding jer in Kashubian. For example, in *vutukli — /votk/ the penultimate jer was lost, as it
preceded /k/. On the other hand, in *prifidli — /psafet/ the penultimate jer was preserved due to the following
voiced /d/.

® In addition, the jer had to occur in the head syllable of a foot in both Polish and Kashubian; see the next section.
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consonant. Put differently, a jer was preserved when open syllable lengthening was
enhanced by lengthening due to the voicing of the following consonant. Unlike in Polish,
in Kashubian the longer duration of jers in open syllables alone was not sufficient to
preserve them, as confirmed by the loss of strong jers before voiceless consonants.

In (8), the evolution of jers from LCS to Kashubian is schematized and exemplified.
(8a) shows the context of a voiced consonant, marked as ‘d’, while in (8b), the context of a
voiceless consonant, ‘t’, is illustrated. In (8a), the second stage shows phonetic length-
ening of the jer in the strong position due to an open syllable and a following voiced
consonant. The subsequent stages mirror the developments in Polish given in (7). The
result is the phonologization of a full vowel before a voiced consonant. In contrast, in the
context of a following voiceless consonant, schematized in (8b), open syllable length-
ening was not reinforced by lengthening before a voiced consonant. In the third stage, the
final jer was dropped. Since the preceding jer was not sufficiently phonetically long, it
was lost, t0o.”

8) (a) LCS CYdY *grudipi
CY(:)dY grudi(:)ni
Ccvd grud’en > Kash. grodzin
(b) LCS CYtY  *palitsi
CYtY  palitsi
Ct pa:lts > Kash. pelts®

4. Preservation and loss of jers: A formal analysis

The proposed analysis is based on the assumption that (i) phonological constraints must have
access to phonetic detail, and (ii) phonology is sensitive to cumulative phonetic effects. The
analysis is couched in the BiPhon model. At the outset, we focus on the architecture of the
BiPhon model, representing cumulative effects and vowel duration. Then, an analysis of
the Kashubian data is laid out.

4.1. The BiPhon model

The proposed formal analysis of the phonologization of phonetic effects relies on the
assumption that non-contrastive phonetic, including coarticulatory, effects are visible to

7 Timberlake (1988: 228) points out that the position of a jer in a word also played a role. While strong jers in a
penultimate position were generally lost before voiceless consonants, jers that appeared in antepenultimate or
root-initial positions were variably preserved before voiceless consonants, e.g. *domutfiki > /domat/k/ ~
/dumtfk/ ‘house’ dimin. We come back to this issue in Section 5. Another concern is whether the penultimate
stress found in modern Polish, a close neighbor, might have had an impact on the development of jers in
Kashubian. This is unlikely. First, the loss of jers occurred in the eleventh century, when stress was phonemic in
Lechitic dialects. Penultimate stress in Polish did not stabilize until the eighteenth century (Dlugosz-Kurczabowa
& Dubisz 2006: 104, 133). Second, modern Central Kashubian does not show a regular pattern of penultimate
stress; see Section 2.

8 The first vowel in /pelts/ (< *palitsi) underwent compensatory lengthening due to the loss of the following jer.
This process is dealt with in Section 5.
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|Underlying Form| .

faithfulness constraints

/Surface Form/ structural constraints
cue constraints
[[Auditory Form]]

" sensorimotor constraints

[Articulatory Form] SO articulatory constraints

Figure 1. Phonological processing in the BiPhon model (Boersma 2011).

phonology, as argued in Jun (1995), Boersma (1998), Steriade (1997, 2009), and Lionnet
(2016), among others. Coarticulatory effects are part of the phonetic knowledge of a
language user (Kingston & Diehl 1994). Phonetic knowledge is defined by Hayes & Steriade
(2004: 1) as ‘the speaker’s partial understanding of the conditions under which speech is
produced and perceived’. On this view, phonetic knowledge, such as the fact that vowels
tend to be longer before voiced than before voiceless consonants, is available to phonolog-
ical computation (see Steriade 1997 and Jun 2002 for similar claims).

I use the BiPhon model, a bidirectional six-level model of phonology and phonetics
(Boersma 1998, 2007, 2011; Boersma & Hamann 2008). The BiPhon model provides tools
useful for capturing and explaining the mechanisms of phonetically based change. The
model is bidirectional in the sense that it represents both the speaking process (production)
and the listening process (comprehension). With relevance to sound change, listener-
oriented effects tend to emerge from learning algorithms for the comprehension direction
(Boersma & Hamann 2009).

Figure 1 presents the part of the model of the phonological grammar relevant for
modeling phonetically based sound change (Boersma 1998, 2007, 2011; Apoussidou
2007). It contains two phonological representations and two phonetic representations, all
connected to each other.” As already mentioned, the model is bidirectional. In production,
the speaker moves down the levels shown in Figure 1, while in comprehension the listener
moves up the levels, starting from the Auditory Form (AudF). During processing, both in
production and comprehension, a number of intermediate representations are visited. OT
constraints are used to evaluate either a single level of representation (structural and
articulatory constraints) or a relation between two levels of representation (faithfulness,
cue, and sensorimotor constraints). Bidirectionality pertains to constraints: The set of
constraints for the speaker and the listener is the same.

In this paper, we mainly refer to constraints evaluating three levels: the Underlying Form
(UF), Surface Form (SF), and AudF. Following Boersma (2011), the UF is a sequence of
pieces of phonological material copied from the lexicon, with discernible morpheme
structure. The SF is a treelike structure of abstract phonological elements, such as features,
segments, syllables, and feet. The AudF is ‘a sequence of events on auditory continua such as
pitch, noise, spectral peaks and valleys, and silences, their durations, and their relations such

° The model also contains two semantic representations. However, they are not directly relevant to phonetically
based sound change and will be omitted.
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as simultaneity and order’ (Boersma 2011: 9). The Articulatory Form is a sequence of
gestures by articulatory muscles.'©

An implementation of this model will be provided in the following sections. The main
contribution of the analysis of the Kashubian data is the fact that it deals with contextual
effects that are simultaneously driven by the segmental and prosodic contexts. Phonetic
lengthening reaches the threshold of phonologization only when three conditions are met:
The target vowel appears (i) in the head syllable of a foot, (ii) in an open syllable, and
(iii) before a voiced consonant. The effect of phonetic lengthening is cumulative in the sense
that meeting only one or two of the conditions is not sufficient to have an effect on
phonology. Such combined segmental and prosodic effects have not been treated in the
BiPhon model so far to my knowledge.!' This cumulative effect will be derived using LCC.

4.2. Cumulative effects in phonology

The proposed analysis requires reference to the cumulative effect of three types of phonetic
lengthening: head syllable lengthening, open syllable lengthening, and lengthening before a
voiced consonant. There is evidence for the effect of each of the conditions. A head syllable
in a metrical foot tends to be more prominent than a non-head syllable (Hayes 1995,
Lieberman & Prince 1977). There is instrumental evidence that domain heads tend to be
phonetically longer than non-heads (see White 2014 and references therein). Such evidence
has been used to support rhythmical approaches to speech timing, which propose that
segment duration is related to metrical structure throughout the utterance (e.g. stress-
delimited feet) (Couper-Kuhlen 1993). Further, vowels in open syllables tend to be longer
than vowels in closed syllables (Maddieson 1985, Rietveld & Frauenfelder 1987). V; is
longer in CV;CV, than in CV,C, all else being equal. In addition, vowels are longer before
voiced consonants than before voiceless consonants (see Kluender, Diehl & Wright 1988,
House & Fairbanks 1953, Peterson & Lehiste 1960, Tauberer & Evanini 2009 on various
dialects of English; Esposito 2002 on Italian; Campos-Astorkiza 2007 on Lithuanian long

19 There are several approaches to the relation between phonology and phonetics in the grammar. In feed-forward
modular approaches the two components are separate and there is a serial relation between them: Phonology
precedes phonetics. This implies that phonology has no access to non-contrastive phonetic information
(e.g. Kiparsky 1982, Lombardi 1991, Kenstowicz 1994). In contrast, integrated models weaken the distinction
between phonetics and phonology by proposing that fine-grained phonetic information is visible to phonology (Jun
1995, 2004; Steriade 1997, 2009; Flemming 2008). Put differently, phonological computation has access to
phonetic details, including coarticulatory effects. The BiPhon model offers a middle ground. While phonological
and phonetic components are separate in the sense that different constraints are used in the phonological and
phonetic components, evaluation of phonological and phonetic representations is done in parallel (Boersma 2011).
This means that phonetic information is available to phonology. The proposed analysis requires that phonology has
access to phonetic knowledge. No claims are made as to the modularity of the grammar. It should be mentioned that
the feed-forward architecture is independent of the motivation of phonological processes. For example, the feed-
forward modular approach advocated in Archangeli & Pulleyblank (1994) requires that structural constraints be
phonetically grounded.

't is possible to represent voicing, a segmental property, on the suprasegmental level, perhaps in terms of
moras, as suggested in Zec (1988) and Morén (2001). In such an approach, the Kashubian cumulative effects would
be uniformly suprasegmental. However, there is no independent evidence that coda voiced consonants differed
from coda voiceless consonants in that they were moraic (i.e. weight-bearing) in Kashubian. The present analysis is
preferable, as it relies on theory-independent evidence, that is, on instrumental measurements of contextual phonetic
effects.
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and short vowels; and Coretta 2019 on Polish and Italian). The effect of consonant voicing on
the duration of the preceding vowel has been found in, for example, English, German,
French, Spanish, Hindi, Russian, Italian, Arabic, Korean, and Polish (see Maddieson &
Gandour 1976 for an overview). Such evidence can be extrapolated to phonetic length in
LCS. Jers were the longest in head syllables, open syllables, and before voiced consonants.
They were shorter in open syllables and before voiceless consonants, YdY > YtY (>’ =
‘longer than’). They were also shorter in closed syllables than in open syllables all else bemg
equal, YAY > Yd. Finally, they were shorter in non-head syllables than in head syllables of a
foot, (YdY) > (YdY)

In a common trajectory of sound change, a subphonemic coarticulatory effect is detected
and phonologized under specific conditions. For example, contextual vowel nasalization is
interpreted as contrastive when the conditioning environment, a nasal consonant, is lost
(Ohala 1992). Less common is a type of change that requires two or more triggers to be
simultaneously present. The occurrence of one of the triggers is insufficient to effectuate the
change. Lionnet (2016) dubs this change ‘subphonemic teamwork’ and defines it as ‘a type
of multiple-trigger process which obtains when two segments exerting the same coarticu-
latory effect on a target segment trigger a categorical assimilation only if they ‘team up’ and
add their coarticulatory strengths in order to pass the threshold necessary for that process to
occur’ (2016: 3).

Classic OT, which relies on strict constraint domination, encounters problems treating
cumulative effects. In past research, cumulative effects have been given formal accounts that
invoke LCC (Smolensky 1993, 1995) and weighted constraints in Harmonic Grammar
(Legendre, Miyata & Smolensky 1990, Smolensky & Legendre 2006). More recently,
Lionnet (2016) argued for the use of subfeatural representations to derive cumulative effects.
For the purposes of the current analysis, I employ LCC, though each of the three theoretical
frameworks mentioned above could in principle be used.'> In an LCC account of cumulative
effects, the two or three markedness constraints that drive an effect are ranked below the
relevant faithfulness constraint(s). However, the conjunction of these constraints is ranked
higher than the relevant faithfulness constraint. In other words, LCC allows for two or more
weak markedness constraints to gang up to overcome strong faithfulness (Lionnet 2016: 3).
This ranking ensures that the effect is not generated unless all the necessary triggers are
present. In the current analysis, local conjunction will be applied to three types of phonetic
lengthening: head syllable in a foot, open syllable, and before a voiced consonant. Phono-
logical length is derived only when all of them exert an effect on a single vowel (and the
conditioning context is lost).

4.3. Representation of vowel duration

As represented in (9), vowels are longest in the cumulative context, that is, in the head
syllable of a foot, in an open syllable, and before a voiced consonant. They are shorter when
only one or two of the lengthening conditions are present. They are shortest in a non-head
syllable of a foot, in a closed syllable, and before a voiceless consonant. Feet are marked by
parentheses. The head syllable is foot-initial. The proposed analysis rests on the distinction

12 But see Section 7 for a discussion of Lionnet’s (2016) argument that the analysis using subfeatural represen-
tations is more successful than the two entirely grammar-driven accounts.
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between the cumulative context and all the other contexts (as indicated by the dotted line).
The former context will be called the cumulative context, while the latter will be termed the
elsewhere or the shortening context.

O contextual duration of V;

(CV1dV2)

(CVitVz)and (CVid) and (...tV1)dV2

duration

(CVit)

The duration of vowels in LCS is quantified using the scales in (10). In (10a), vowels in
the cumulative lengthening context (head syllable, open syllable, and before a voiced
consonant, YdY) are shown, while (10b) presents vowels in the elsewhere context (YtY,
Yd, Yt, VtV, etc.).'® In the cumulative lengthening context, vowels are one unit longer than
the correspondmg vowels in the elsewhere context. The scales use units of duration and are
sufficient for our purposes. Based on the fact that jers showed a distinct behavior from the
other vowels, it is assumed that they were shorter than the other vowels (see Bethin 1998 for a
similar claim).'#

(10) (a) Duration in the cumulative context (b) Duration in the shortening context
head syllable, open syllable, & d  elsewhere
3 ultra short vowel (Y =1, 1) 2 ultra short vowel (Y =1, @)
4 full vowel (V =¢, 0) 3 full vowel (V =e, 0)
5 long full vowel (V:=1,1,u,&,0) 4 long full vowel (V:=1,1,u, g, 0)

4.4. Computation in the BiPhon model

Change in the BiPhon model typically occurs during the transmission from the speaker to the
listener. Production and perception are involved. The SF is subject to structural constraints,
including those deriving metrical and prosodic structure. The SF is mapped onto the AudF
using constraints that regulate coarticulation effects and constraints on segment duration.
This is summarized in (11) below, where the effects of production and perception are shown
on the example of the development /CYdY/ > /CVd/ in Kashubian. Metrical feet are
indicated by parentheses. Both phonological and phonetic (auditory) categories are referred
to, which accords with the assumption that the speaker draws on their phonetic knowledge.
The SF invokes phonological categories (d = voiced consonant, t = voiceless consonant, C =
consonant, Y =jer, V = full vowel, V: =long full vowel), which correspond to scalar phonetic
(auditory) categories in the AudF, based on the speaker’s phonetic knowledge. Specifically,

'3 Whether a vowel was in a head syllable or not is only relevant for defining the cumulative context for the
preservation of jers. Compensatory lengthening was not metrically restricted; see Section 5.

'4 Final jers might have been shorter than medial jers (Lo$ 1922), which would motivate a further distinction in
the scales in (10). However, the potential impact of this distinction is left for future research, as the current analysis
does not hinge on it.
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the speaker knows that a jer (Y) corresponds to a vowel with duration [2] (V4=,) outside of
the cumulative context in auditory terms. The AudF crucially adds knowledge of contextual
realization, including contextual lengthening effects. Specifically, the penultimate jer has
been lengthened in the cumulative context and corresponds to V4_3, a vowel with duration
[3]. The final jer, on the other hand, has been shortened and comes out as a vowel with
duration [1] due to a process that reduced “unprotected’ jers (i.e. those that appear outside of
the cumulative context).

In perception, the vowel with duration [1] is reinterpreted as an acoustic consonant release.
The penultimate jer, now in the shortening context due to vowel loss, is reinterpreted as a full
vowel. In the proposed analysis, cue constraints are responsible for mapping phonological
categories to auditory categories in production. In perception, the same cue constraints map
auditory categories to phonological categories. The bidirectionality of the model makes it
possible to derive a change in which phonetic length is reinterpreted as phonological by the
listener.'> In the following sections, we look at the necessary constraints.

an Phonological computation in the BiPhon model
Production

UF — SF — AudF

ICYdY] —  /CY.dY)/ — [[CVg=3dV4-1]1]
Perception

AudF — SF — UF
[[CV4=3dVg]] —  /...CVd)/ — l...CVd|

4.5. Structural constraints

Metrical structure is generated by structural constraints, which evaluate the SF. The analysis
rests on the claim that sequences of jers form binary feet. Such jer feet are weaker than feet
containing full vowels. The proposal that two consecutive jers form a dedicated foot is based
on a well-documented perceptual bias. When short auditory events are presented to listeners
in arapid sequence, those that are similar to each other tend to be grouped together. Bregman
& Campbell’s (1971) experimental study found that the sequential order of short similar
auditory events is difficult to judge. Such results provide evidence for auditory grouping,
which is consistent with the more general principles of perceptual grouping in human
cognition (Wagemans et al. 2012). Two consecutive jers are likely subject to auditory
grouping, as they share properties that set them apart from the other vowels of LCS: They
are ultra-short, high, and possibly lax. A foot specifically devoted to jers is also supported by
the different behavior of jers vis-a-vis full vowels. This is elaborated in Section 5.3.'°

'3 The simultaneous availability of phonological and auditory representations to phonological computation is
also in line with the analysis of Lionnet (2016). It is assumed that “phonology is grounded in phonetics through
language-specific abstract phonetic knowledge, derived through articulatory and perceptual experience” (Lionnet
2016: 51). Phonology has direct access to and interacts with abstract phonetic knowledge. The latter contains, in
particular, knowledge of contextual realization (the perceptual correlates of coarticulation) (Lionnet 2016: 51).

16 Metrical feet encode prominence in the sense that one constituent syllable of a foot is more prominent than the
other. In many languages prominence is associated with stress in the sense that the head syllable of a foot bears
primary or secondary stress (Hayes 1995). However, Gonzales (2007) and Vaysman (2008) present evidence that
footing and stress are independent of each other. Certain phonological processes are conditioned by footing but not
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Based on the evidence from Havlik’s Law and the universal principles of auditory
grouping, it is proposed that LCS shows a preference for parsing two consecutive jer
syllables as a jer foot. Jer feet may only contain jers. This preference is enforced by the
constraints PARSE-JER and JER-FTin (12) and (13). ALL-F-RiGHT makes sure that parsing into
feet occurs from right to left (McCarthy & Prince 1993). FT-BiN excludes degenerate feet,
that is, those that contain a single syllable. PARSE-SYL is a generic constraint in relation to
Parse-JER mandating that all syllables be parsed (Prince & Smolensky 1993/2004).

(12) Parse-JEr: jer syllables are parsed by jer feet: (¢ o)y.

(13) Jer-Fr: Jer feet must not contain full vowels.

(14) Avc-Fr-Rigut: Every foot stands at the right edge of the prosodic word.
(15) F1-Bm: Feet are binary.

(16) Parse-SyL: Syllables are parsed by feet.

The tableaux in (17) and (18) illustrate how jer feet are generated. The evaluation in
(17) deals with a word with three consecutive jers, such as LCS *3ivici > Ukr. Svec’ /[vets'/
‘shoemaker’ n.sg. Jer feet are marked with the subscript “Y’. Candidate (a) is optimal, as it
parses two jer syllables at the right edge of the word into a jer foot. Candidate (b) loses, as it
skips the final syllable. Candidates (c) and (d) contain degenerate feet, penalized by FT-Bin.
Candidate (e) incurs additional violations of PARSE-JER, as it fails to parse jer syllables into jer
feet. This tableau shows that FT-Bin must be ranked over PARSE-JER.

(17) UF: [CYCYCY]|

JER-FT FT-BIN PARSE-JER ALL-FT-RIGHT PARSE-SYL
e a. /CY(CYCY)y/ * *
b. /(CYCY)CY/ * * *|
c. ACY)(CYCY)y/ *| o
d. A(CYCY)(CY)y/ *| *
e. /CY(CYCY) Hork| *

The evaluation in (18) analyzes a word with two jers followed by a full vowel, such as
LCS *3ivica > Ukr. Sevcja /fewts’a/ g.sg. Candidate (a) loses, as it parses a full vowel into a
jer foot and thus incurs a fatal violation of JEr-FT. Candidate (b) fails to parse two jers into a
jer foot. Candidates (d) and (e) contain degenerate feet and fatally violate FT-BiN. Candidate
(c) wins, as it parses two consecutive jers into ajer foot. This evaluation shows that PARSE-JER
must dominate ALL-FT-RIGHT. Only jers can be parsed into jer feet, even if this means that a
final syllable at the right edge will be left unparsed.

by stress, or vice versa (in addition to those conditioned by both). While there is evidence from Havlik’s Law that
two consecutive jers were grouped together in LCS (strong — weak), it appears that the strong syllable in a jer foot
was not automatically associated with stress. This finding is consistent with Gonzales (2007) and Vaysman (2008),
who propose that foot structure and stress are independent entities in the grammar.
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(18) UF: |CYCYCV|

JER-FT FT-BIN PARSE-JER ALL-FT-RIGHT PARSE-SYL
a. /CY(CYCV)y/ *| * *
b. /CY(CYCVY P +
@ . (CYCY)yCV/ * +
d. (CY)v(CYCVY | * o
e. ACYCY)y(CVY | *

The proposed ranking of the constraints given in (19) ensures that two consecutive jers are
parsed into a jer foot and that parsing proceeds from the right edge of the word.

(19) Jer-Ft, FT-BIN >> PARSE-JER >> ALL-FT-RIGHT, PARSE-SYL

In accordance with Havlik’s Law, jer feet are trochaic, that is, they have initial promi-
nence: [s w]. The assumption is that the relative phonetic duration of vowels in a foot should
reflect their prominence relations. A longer vowel is more prominent than a shorter vowel
(the length-to-prominence principle, which is analogous to the familiar weight-to-stress
principle). Final prominence, [w s], is incompatible with a syllabic trochee, as the second jer
is longer and therefore more prominent than the first jer. RATYPE=T (Kager 1999: 172) is
formulated in (20) in relation to jer feet and penalizes jer feet with final prominence (iambs).
Specifically, it prohibits jer feet in which the second jer is longer than the first jer. Jer feet with
equal prominence, e.g. [w w], are not targeted. '’ The data indicate that jer feet could not have
final prominence (in accordance with Havlik’s Law), which implies that JER-RHTyPE=T was
undominated. It is omitted from the evaluations below.

(20)  Jer-RuTYPE=T: The head syllable in a jer foot is initial. No [w s].

4.6. Cue constraints

Cue constraints map SF to AudF in production. The same constraints are used in perception
to map AudF to SF. The feet generated by the metrical constraints outlined in the previous
section are subject to contextual lengthening of constituent jers. The constraints in (21), (22),
and (23) require vowel lengthening in the specified contexts: in the head syllable in a jer foot,
in an open syllable, and before a voiced consonant, respectively.'® Constraint (23) reflects
the observation that vowel duration is inversely correlated with the duration of a following
consonant due to constraints establishing a preferred rhyme duration. The duration of the
compound VC remains similar across different Cs, as voiceless consonants tend to be longer
than corresponding voiced consonants (Flemming 2001). In the proposed analysis, I use JER/
HS&OS& d-Longer, which is a shorthand for the LCC of JErR/HS-Longer & JEr/OS-Longer

17 Although Kager’s (1999) formulation of RuType=T is different: ‘Feet have initial prominence’, the general
idea is similar.

'® This analysis diverges from the analyses in Boersma (2006, 2011) in that cue constraints are positive. Boersma
(2006, 2011) uses negative cue constraints to generate auditory dispersion and prototype effects.
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& Jer/_d-Longer. The locally conjoined constraint is violated when a jer (i) in a head syllable
of ajer foot, (ii) in an open syllable, and (iii) before a voiced consonant fails to be lengthened
by [1] unit. The constraint is mute when only one or two of these two conditions are met.'”

(21) Jer/HS-Longer: Let Xgr in SF correspond to Y 5uqr in AudF, and let Xgr be a jer in the
head syllable in a jer foot. Assign one violation mark * iff Y 4 is not lengthened by
[1] unit.

(22) Jer/OS-Longer: Let Xgr in SF correspond to Yauqr in AudF, and let Xgp be a jer in an
open syllable. Assign one violation mark * iff Y qF is not lengthened by [1] unit.

(23) Jer/_d-Longer: Let Xgr in SF correspond to Ya,.qr in AudF, and let Xgr be a jer
followed by a voiced consonant. Assign one violation mark * iff Y.qr is not
lengthened by [1] unit.

To derive reduction of jers, we need a constraint that decreases the duration of jers. JER
RED, given in (24), is violated when a jer has duration [2] or longer in AudF. In other words,
input jers should have their duration decreased by [1] in AudF. This constraint reflects a
cross-linguistic tendency for short vowels to be reduced and eventually deleted in prosod-
ically weak positions (due to their decreased perceptibility) in the processes of syncope,
e.g. Latin cdlidum > Italian caldo ‘hot’, or apocope, e.g. Old English /ufu /luvu/ > Modern
English love /1av/.

(24) Jer rED: Let Xg in SF correspond to Yauqr in AudF, and let Xgp be a jer. Assign one
violation mark * iff Yuqgr is not shortened by [1] unit.

The cue constraints shown in (25) map auditory categories onto abstract phonological
units and vice versa. As explained in Section 4.1, phonetic knowledge is available to
phonological computation. For example, based on their experience with the language, a
speaker knows that a vowel of duration [4] corresponds to a long full vowel (V:) and a vowel
of duration [2] corresponds to a jer. The duration values necessary for the cue constraints
accord with the scale in (10b), which applies in the shortening context (i.e. outside of the
cumulative context). /o/ stands for a very short vowel. The cue constraints are used both in
production and perception, which means that they are used bidirectionally.

(25) [[Va=all =/Vi/
[([Va=sll =/V/
[[Va=2ll=7Y/
[([Va=1]] =70/

We also need to encode a pressure that effectuates the loss of reduced jers. The constraint
in (26) coerces the interpretation of vocalic intervals of duration [1] (vowels of subminimal
duration) as the acoustic release burst of a preceding consonant. This mechanism of vowel
loss is the mirror image of the well-documented mechanism of vowel intrusion. When two
consonants in a cluster are produced with a low degree of gestural overlap, an acoustic

'%1n other Slavic languages, such as Polish, in which voicing of the following consonant played no role in the
preservation of jers, the three-way constraint conjunction was not active; the effect is triggered by the two-way
conjunction JER’HS-Longer & JEr/OS-Longer. Both conjuncts are prosodically motivated.
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release that occurs between them can have some vocalic properties. Vowel intrusion occurs
when the phasing of existing articulatory gestures produces a vowel-like percept (Hall 2006:
406). The motivation for vowel intrusion is perceptual. The acoustic cues of consonants
(especially their place cues) in clusters as well as in word-final position are relatively
impoverished (Jun 1995). An acoustic release of the first consonant in a CC cluster,
especially a release that has vocalic characteristics, improves the recoverability of place
cues of both consonants (Jun 1995, Silverman 1995). This vocalic interval can then be
interpreted by the listener as an underlying vowel (Browman & Goldstein 1992, Hall
2006).?° Given that listener-oriented change is to a large extent non-deterministic
(Blevins 2004), the reverse can also occur: A vocalic interval after a consonant can be
interpreted as a property of the consonant, i.e. its acoustic release burst, as long as the vowel
is very short (Boersma & Hamann 2009). The reinterpretation may occur between conso-
nants as well as in word-final positions. In fact, as a result of the reanalysis, onset consonants
are phonologized as coda consonants (see below). This is indicated in the pertinent constraint
in (26) by .”. The constraint is consistent with the assumption that a speaker has access to
phonetic knowledge obtained through experience with the language: Acoustic releases of
consonants may be accompanied by short vocalic intervals.

(26) [[CVg-]] = /C./: A vowel of duration [1] corresponds to the release of a coda
consonant.

It is argued that the loss of jers was set in motion by changes in the ranking of constraints
regulating syllable structure. Prior to the loss of jers, LCS did not allow codas (Bethin
1998).2! The loss of jers made codas abundant in the language. Prohibition of codas is
expressed in OT by ranking high the structural constraint *Copa. In the present analysis, this
change in syllable structure preference is captured by the demotion of *Copa by the listener.
*Copa is ranked high in the grammar of the speaker. It is demoted in the grammar of the
listener. Specifically, only with *Coba ranked below [[CV4-;]] =/[C.]/ can onset consonants
be reanalyzed as coda consonants. In other words, reinterpretation of jers as consonant
releases was induced by changes in syllable structure in LCS.

4.7. A constraint-based analysis

An overview of the analysis is shown in (27). We focus on the final two syllables in words of
minimally three syllables and consider the stage when jers were lost. Three contextual
conditions are derived. When a jer precedes a voiced consonant, it is phonologized as a full
vowel, (27a). When a jer precedes a voiceless consonant, it is lost, (27b). Similarly, when a
jer is followed by a full vowel, the jer is lost, (27c).

20'Vowel intrusion is restricted to heterorganic clusters and can occur in obstruent-obstruent, sonorant-obstruent
and obstruent-sonorant clusters. Which clusters are affected depends on a particular language (Hall 2006). Vowel
intrusion has been documented both after voiced and voiceless consonants, as in Hua (Haiman 1980). However, the
acoustic properties of a release may be different after voiced and voiceless consonants. Gafos (2002) argues that in
Sierra Popoluca the period of release sounds like aspiration when it is voiceless and schwa when it is voiced. The
release in both cases can be viewed as an intrusive vowel, either voiced or voiceless (Hall 2006: 413).

2!'In fact, Bethin (1998) claims that the prohibition was categorical for obstruent codas. Sonorant codas were
attested but avoided through a range of processes. Consonant clusters were allowed in the onset, e.g. *grudini
‘December’.
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27) (@ ...CYdY — ...CVd e.g. *grudini
(b) ..CYtY — ...Ct e.g. *palitsi
(¢) ..CYdV — ...CdV e.g. *grudipa

The analysis is based on the premise that although production and perception
employ the same constraints, the mapping of SF to AudF in production involves
cue constraints, while in perception the mapping of AudF to SF involves cue as well as
structural constraints. That is, in perception both cue and structural constraints are
used to derive an SF. This difference follows from the architecture of the BiPhon
model, as was shown in Figure 1. Consider the sequence /CYdY/, where the second
consonant is voiced. The metrical structure in SF is derived by the structural con-
straints discussed in the previous section. In the evaluation in (28), the SF contains
two jers, whose duration equals [2]. In the SF, syllable boundaries are marked with a
dot. For clarity, satisfaction of the cumulative constraint is marked with ‘v’. Candi-
dates (a) and (b) fail the evaluation, as they do not show the effect of lengthening of
the first jer in the cumulative context and thus violate JErR/HS&OS& d-Longer.
Candidate (c), which lengthens the first jer and retains the duration of the final jer, fatally
incurs two violations of JEr RED. Candidate (d) is the most harmonic, as it lengthens the
first jer and reduces the final jer, thus satisfying JER/HS&OS& d-Longer and violating
Jer rED only once.?? The ranking of JER/HS&OS& d-Longer over /Y/ = [[V4,]] makes
sure that cumulative lengthening is favored over faithful realization of jers. Jers outside of
the cumulative context are reduced.”*

(28) SF:/...(CY.dY)y/

JER/HS&OS& d- JER RED /Y/=[[Va=2]]
Longer
a. [[CV4=2dVe=]] *| *%
b. [[CVg=2dVe]] *| * *
C. [[CVdZSddez]] v #3 | *
@ (. [[CVd:}ddel]] v * sk

In perception, the AudF [[CV 4-3dV4-1]] is phonologized as /CVd/. In (29), the syllable
structure of the candidates depends on the presence of the final vowel. If the final vowel is
retained, as in candidate (a), the preceding vowel is in an open syllable. If, on the other hand,

22 As already mentioned, in production *Coba (a structural constraint) evaluates SE. It does not evaluate the
mapping of SF onto AudF.

23 In Polish, which does not show the effect of voicing on lengthening, the local conjunction was purely prosodic.
Phonetic lengthening in a head syllable and at the same time in an open syllable before a consonant, either voiced or
voiceless, was enforced by the ranking of the two-way conjoined JER/HS&OS-Longer constraint over /Y/ =
[[V4=2]]- This ranking had consequences for the loss of jers: the voicing of the following consonant played no
role in Polish. An analysis of Polish is not presented due to space limitations.
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it is lost, as in candidates (b) and (c), the preceding vowel is in a closed syllable. In all
likelihood, constraints pertaining to jers do not emerge in the listener’s grammar, as jers are
reanalyzed either as consonant releases or full vowels. JER/HS&OS& d-Longer and JER RED
are not included in the evaluation. Candidate (a) incurs a fatal violation of [[CV4-;]]=/C./, as
a short vocalic interval is phonologized as a vowel. Of the two remaining candidates, both of
which fail to phonologize a short vocalic interval as a vowel (violating [[Vg=1]] = /o/),
candidate (b) is the most harmonic, because it phonologizes a vowel with duration [3] in a
shortening context as a full vowel and thus respects [[V 4—3]] =/V/. It should be noted that the
optimal candidate incurs a violation of *Copa, but the constraint is low ranked.?*

(29) AudF: [[...CV4=3dV4-1]]

[[CVe]] | *CoDA | [[Ves]]= | [[Vaill=
—/C./ VI fal
a. /(CY.do)/ *|
e b /(...CVd) * *
c. /...CYd)/ * * *!

Consider the mapping of SR /CYtY/to AudF [[CV4-tV4-1]] in (30). We expect that
the penultimate jer will be lost in this context: in a strong position, followed by a voiceless
consonant. Since JER/HS&OS& d-Longer is inapplicable, the jer in a strong position is
not shielded from reduction, as shown in (30). High-ranked JEr RED targets all the
candidates with unreduced jers. Candidate (¢), which shows reduction of both jers, comes
out victorious.

(30) SR:/...(CYitY)y/

JER/HS&OS& d- JER RED Y/ =[[Va=2]]
Longer
a. [[CVg=tVaz]] HE
b. [[CVgtVi-1]] *| *
c. [[CVg=3tVe=]] *| *
d. [[CVg=stVea]] *| o
w e, [[CVe1tVi-]] ok

2*When the final vowel is deleted, the preceding vowel is parsed into a foot together with the preceding vowel
(not shown).
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In the mapping from AudF to SR in perception, the output of (30), [[CV4=1tVa=1]1],
generates /Ct/. Short vowels are interpreted as consonant releases, as mandated by [[CV 4-]]
=/C./, ranked over *CoDA.

(31) AudF: [[...CV41tVa—]]

[[CVai]]= *CoDA [([Vaui]] =
/C./ /ol

a. /(Ca.to)/ L

b, /(...Ct) * o

Finally, consider the context where a jer is followed by a full vowel: /CYdV/. In this case,
the jer is lost. How do we account for it? The jer cannot form a jer foot, as it is not followed by
another jer. This is enforced by the undominated constraint JER-FT. Instead, it forms a regular
foot together with the following vowel. As shown in the tableau in (32), JER#HS&OS& d-
Longer is mute in non-jer feet and, as a result, the jer fails to be lengthened. Candidate (b),
which shows reduction of the jer, comes out as optimal.

(32) SR:/...(CY.dVY

JER/HS&OS&_d- JERRED | V/=[[Vasl] | Y/ = [[Vezl]
Longer
a. [[CVg2dVes]] *1
w b, [[CVe1dVes]] P
. [[CVaidVaa]] - .

In perception, the output of (32), [[CV4=1dV4=3]], generates /CdV/. The penultimate
vowel is very short, so it is interpreted as the release of a consonant.””

(33) AudF: [[...CVy_1dVys]]

[[CVaa]]l= *Copa [([Vasll= | [[Vall=
/C./ /V/ /ol
a. /(Ca.dV)/ *1
wb. /(...CdV)/ * *

%5 In a possible alternative analysis, a jer in a weak position no longer projected a mora. The stranded mora could
then be used to lengthen the preceding vowel. An analysis along these lines can be used to derive the Polish facts,
where the voicing of the intervening consonant did not play a role. However, a parallel analysis for the Kashubian
data seems somewhat ad hoc, as it would still have to refer to the voice specification of the intervening consonant.
The proposed analysis is more successful (see Kohnlein’s (2016) analysis of the voice contrast in Franconian
dialects in metrical terms). On this issue, see also fn. 11.
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5. Compensatory lengthening

This section deals with the effects of CL in Kashubian. Vowels are phonologically length-
ened before voiced consonants when the final jer is lost. The proposed synchronic account
relies on the phonologization of cumulative phonetic length. However, the constraints that
are employed to regulate lengthening of full vowels, though similar in grounding, are distinct
from the constraints that were proposed for the analysis of the preservation and loss of jers in
Section 4. We begin with an overview of the process. A discussion of the Kashubian data is
followed by a constraint-based analysis.

5.1. Background and data

CL is traditionally defined as lengthening of a vowel due to the loss of a jer in the next
syllable. In LCS, jers, /1/ and /u/, were lost. This loss caused the preceding vowel to lengthen
in many dialects. Reflexes of LCS CL have been identified in a number of Slavic languages,
including Serbo-Croatian, Slovak, Czech, Polish, Upper Sorbian, Slovenian, and Ukrainian
(Timberlake 1983a, 1983b, 1988). The words transcribed in (34) illustrate Upper Sorbian CL
(Timberlake 1983b: 222, Kavitskaya 2002: 119). Reflexes of CL are found in the nominative
singular.

(34) Upper Sorbian Pre-Upper Sorbian gloss
g.sg. n.sg. n.sg.

woz-a woz  *VOzu ‘carriage’
nos-a  nos  *ndsu ‘nose’
rod-a  rod  *rodu kin’
plot-a  plot  *plotu ‘raft’
dwor-a dwor *dvoru ‘yard’
konj-a  konj  *konijr ‘horse’

The necessary conditions for CL varied from language to language and included the
quality of the intervening consonant, accent, jer position (internal vs. final), and the quality
of the target and trigger vowels (Timberlake 1983a, 1983b, 1988).

In Old Polish, CL was additionally conditioned by the quality of the following consonant.
CL occurred before sonorants and voiced obstruents, as shown in (35a), where /o/ and a nasal
vowel are illustrated.’® A voiceless obstruent failed to trigger CL under the same prosodic
conditions, as exemplified in (35b) (Kavitskaya 2002: 125).

(395 LCS Old Polish gloss

a. *domu > do:m ‘house’
*dobu > dab ‘oak’
*Vozu > VOiz ‘cart’
*soli > so:l ‘salt’
*kroji > kroj ‘style’
*vodjt > vo:dz’ ‘leader’

26 In fact, CL also applied to /a/ and /e/ in Polish. Reflexes of these long vowels are still used in many rural
dialects. However, modern standard Polish has lost distinctions between short and long /a/ and /e/.
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b. *soku > sok  ‘juice’
*boku > bok  ‘side’
*nosu > nos  ‘nose’
*kostt > kos‘t’ ‘bone’

Kashubian differs from Polish in that it shows a wider range of vowels that underwent
CL: /> e aiu 9/, as illustrated in (36a—f). Each case in (36) provides modern pronunciation,
modern spelling, and the corresponding historical vowel alternations that resulted from
CL. Modern Kashubian has lost phonemic length, but the earlier length distinctions show
up as distinctions in vowel quality. The items with voiceless consonants in (36g) fail to show
reflexes of CL.?” The data have been drawn from Timberlake (1983a: 215) and Ramutt (2017).

(36) reflexes of CL in modern Kashubian

(@) [u] ~ [o/we], <6> ~ <0/0>, reflexes of [0:] ~ [2]
stuw <stot> stow-u <stotu> ‘table’ n.sg./g.sg.
stuk <st6g> stog-a <stoga> ‘haystack’ n.sg./g.sg.
lut <l6d> lod-u <lodu> ‘ice’ n.sg./g.sg.
kup <kon> kwen-a <konia> ‘horse’ n.sg./g.sg.

(b)  [i/i] ~ [g], <é&> ~ <e>, reflexes of [e:] ~ [e]
spik <sniég> speg-wi <sniegu> ‘Snow’ n.sg./g.sg.
xlip <chléb> xleb-a <chleba> ‘bread’ n.sg./g.sg.
bzik <brzég> bzeg-wi <brzegu> ‘shore’ n.sg./g.sg.

mjedvits <miedwiédz> mjedvjedz-a <miedwiedza> ‘bear’ n.sg./g.sg.
(c) [e]~[a], <6> ~ <a>, reflexes of [a:] ~ [a]

bzet <brzod> bzad-a <brzadu> “fruit’ n.sg./g.sg.
swoves <stoworz> swovaz-a <stowarza> ‘dictionary’ n.sg./g.sg.
stow <stot> staw-a <stata> ‘stand’ past 3p.sg.
masc./ fem.

webezdzew webezdzaw-a <obezdrzata> ‘watch’ past perf. 3p.
<obezdrzot> sg. masc./ fem.

(d) [iA] ~ [9], <i/y> ~ <&>, reflexes of [i/i:] ~ [1/i]
rip <rib> rob-a <réba> ‘fish’ g.pl/n.sg.
sin <syn> son-a <séna> ‘son’ n.sg./g.sg.
sir <syr> sor-a <s€ra> ‘cheese’ n.sg./g.sg.
mwin <mtin> mwon-a <mt€na> ‘mill’ n.sg./g.sg.
gzip <grzib> gzob-a <grzéba> ‘mushroom’ n.sg./g.sg.

27 There is a handful of words that show reflexes of CL before voiceless consonants, e.g. /stop-a/ stopa — /stup/
stop “foot’ n.sg./g.pl. Timberlake (1983a) presents evidence that words which today show reflexes of CL before
voiceless obstruents had the neo-acute accent. Kavitskaya (2002) argues that vowels under the neo-acute accent
were phonetically longer than comparable vowels under either the old acute or circumflex accents. Such
phonetically longer vowels were phonologized as long through CL. The basic mechanism is consistent with the
mechanism proposed in this analysis: the phonetic lengthening of a vowel determined its interpretability as
distinctively long. To incorporate such cases into the present analysis, we have to allow for the possibility that
the constraint regulating the voicing effect in the three-way cumulative conjunction may be replaced by a constraint
mandating the lengthening under the neo-acute accent. Such a conjunction generates lengthening in a similar way as
the conjunction analyzed at length in this paper. Space limitations prevent me from discussing this further.
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(e) [u]~[o], <u> ~ <&>, reflexes of [u:] ~ [u]

tsat <cud> tsod-u <cédu> ‘miracle’ n.sg./g.sg.

Juar <szur> Jor-a <széra> ‘rat’ n.sg./g.sg.

lat <lud> lod-u <lédu> ‘people’ n.sg./g.sg.
(f) [uN]~ [aN], <g> ~ <&>, reflexes of [a:] ~ [5]

dump <dab> damb-wi <dabu> ‘oak’ n.sg./g.sg.

vuw [ <wgz> vawz-a <wiza> ‘snake’ n.sg./g.sg.

ksunts <ksadz> ksandz-a <ksadza> ‘priest’ n.sg./g.sg.

(g) no CL before voiceless consonants
[o/we a 9 aN], <o (0), a, &, &>, reflexes of [paiu9]

sok <sok> sok-wi <soku> ‘juice’ n.sg./g.sg.
bwek <bok> bwek-wi <boku> ‘side’ n.sg./g.sg.

nos <nos> nos-a <nosa> ‘nose’ n.sg./g.sg.

pas <pas> pas-a <pasa> ‘belt’ n.sg./g.sg.

los <1&s> los-a <lésa> ‘fox’ n.sg./g.sg.

lost <lést> lost-a <l€sta> ‘leaf’ n.sg./g.sg.

maf <mész> maf-o < mész&> ‘mouse’ n.sg./g.sg.
dzok <dz&k> dzok-a <dz&ka> ‘wild boar’ n.sg./g.sg.
drox <dréch> drox-a <drécha> “friend’ n.sg./g.sg.”®
gaws <gis> gaws-o <gisé> ‘goose’ N.5g./g.Sg.

The data in (36) show that CL in Kashubian applied to vowels /5 ¢ a i u 5/ before voiced
obstruents and sonorants. CL did not apply before voiceless consonants, as shown in (36g).
This restriction is consistent with the evidence given in Section 4.2 that vowels tend to be
longer before voiced consonants than before voiceless consonants. Phonologization of
length, as a result of CL, is likely to occur when the vowel is phonetically longer. Reflexes
of CL are thus expected to be more common before voiced consonants than before voiceless
consonants, all else being equal.

5.2. A historical account

The account draws on Timberlake (1983a, 1983b, 1988) and Kavitskaya (2002: 125-126)
and proposes that the factor conditioning CL in Kashubian was phonetic lengthening due to
an open syllable and a following voiced consonant. In (37a), we consider the evolution of
LCS /CVdY/ in Kashubian (V = full vowel, V: = long full vowel, Y = jer, d = voiced
consonant, t = voiceless consonant). The full vowel V was phonetically lengthened in an
open syllable and before a voiced consonant. When the final jer was lost, the phonetic
lengthening of the preceding vowel was phonologized, as it could not be attributed to an
open syllable. While modern Kashubian shows the effects of final obstruent devoicing, CL
applied at a stage when final obstruents were contrastive for voice. In contrast, CL did not
apply before a voiceless consonant, as shown in (37b). The vowel was not sufficiently
lengthened in the context of a voiceless consonant. Therefore, the loss of the final jer in the
third stage had no effect on the phonological length of the preceding vowel.

28 The word /drax/ comes from CS */drugil/, with a stem-final voiced stop. However, there is evidence that the
word was pronounced with the final voiceless fricative in Old Polish: /drux/. It was probably the same in Old
Kashubian.
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(37) (@) LCS CvdY *xlebu
CV(:)dY xle(:)bu
Ccvd xle:b > Kash. xlip
(b) LCS CVtY  *nosu
CVtY nost
CVt nos > Kash. nos

5.3. A constraint-based analysis

The analysis of CL pivots on the locally conjoined constraint V/OS& d-Longer. Crucially,
the constraints enforcing lengthening are formulated with reference to full vowels, in
accordance with the evidence presented in Section 4.5 indicating that jers show a distinct
behavior from full vowels. Specifically, evidence indicates that, unlike the preservation of
jers, CL was not conditioned by metrical structure. It applied both in penultimate and
antepenultimate syllables, as illustrated in (38a) and (38b). In (38c), CL did not occur, as
the following jer was preserved. Neither did CL apply in (38d), where the relevant vowel was
followed by a voiceless consonant (data taken from Andersen 1970: 64—66; Timberlake
1983a: 218; Timberlake 1988: 226-227; Czaplicki 2020: 112-114). The examples in (38a),
(38b), and (38c) show that the necessary conditions for CL were the context of a following
voiced consonant and the loss of a following jer. Metrical structure did not play an important
role. While the vowel undergoing CL in the word in (38a), as well as those in (36), formed a
foot together with the next jer syllable, the vowel subject to CL in the words exemplified in
(38b) was not footed together with the following syllable. Yet, CL occurred in both cases.
Additional evidence that CL and the preservation of jers may be governed by different
constraints comes from Polish, in which the two processes were not uniform with respect to
the voicing effect. Voicing of the following consonant was a necessary condition for CL to
occur but played no role in the preservation of jers, e.g. *stoli — /stuw/ ‘table’ vs. *nostt —
/mos/ ‘nose’, and *palitsi — /palets/ “finger’. - -

(38) (a) CL:CVdY, metrical structure: (CVdAY)
stuw <stot>  ‘table’ n.sg.  *stoli
(b) CL: CVAYCY or CVAYCV, metrical structure: CV(dYCY)y or CV(dYCV)

stuwk <stolk> “stool’ n.sg. *stoltikl
rufk <rozk> ‘horn’ dimin. n.sg. *roziki
wufs <ows> ‘oats’ n.sg. *ovisl
kwutk-a <ktédka> ‘lock’ n.sg. *koldiika
pelts <pdlc> ‘finger’ n.sg. *palitsi
dzifk-a <dzéwka> ‘girl’ n.sg. *dévuka

() no CL: CVdYdY, metrical structure: CV(dYdY)y
gradzin <grédzén> ‘December’ n.sg. *grudini
(d) no CL: CVtYCY or CVtYCV, metrical structure: CV(tYCY)y or CV(tYCV)

wokts <tokc> ‘elbow’ n.sg. *lokutd
nokts <nokc> ‘fingernail’ n.sg.  *nogiti
wetst <oct> ‘vinegar’ n.sg. *otsitl
west <ost> ‘thistle’ n.sg. *ositil

wetfk-we <oczkd> ‘eye’ dimin. n.sg. *otfiko
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The constraints enforcing contextual lengthening of full vowels are given in (39) and
(40). The analysis employs the local conjunction of the two constraints, V/OS& d-Longer.
Given that constraints are bidirectional, in perception the conjoined constraint requires that a
vowel with duration [4] be mapped onto a full vowel if it appears in the cumulative context.

(39) V/OS-Longer: Let Xgr in SF correspond to Ya,qr in AudF, and let Xg be a full vowel
in an open syllable. Assign one violation mark * iff Y,q4r in not lengthened by
[1] unit.

(40) V/_d-Longer: Let Xgp in SF correspond to Yuqr in AudF, and let Xgr be a full vowel
before a voiced consonant. Assign one violation mark * iff Y5 .4 is not lengthened by
[17 unit.

The remaining constraints used in the analysis of CL are the same as the ones used in the
analysis of the preservation and loss of jers. CL is expected when the first vowel is full, the
second vowel is a jer and the intervening consonant is voiced, /CV.dY/ — /CV:d/. Cumu-
lative phonetic length (due to an open syllable and voicing of the following consonant) is
phonologized when the conditioning context, the final jer, is lost. We focus on longer
sequences of vowels to show an interaction of the constraints applicable to full vowels and
jers. An overview of the analysis is given in (41). As shown in (41a), a full vowel undergoes
CL as long as it stands before a voiced consonant and the jer in the next syllable is lost. In
contrast, the full vowel in (41b) does not undergo CL, as the jer in the next syllable is
preserved. So, even though the full vowel is followed by a voiced consonant and is
phonetically longer, it is phonologized as short. Finally, in (41c), a full vowel stands before
a voiceless consonant, so even though the following jer is lost, it remains short both
phonetically and phonologically.

(41) a. CVdYtY — CVidt e.g. *palitsi
b. CVdYdY — CVdVd e.g. *grudini
c. CVtYtY — CVtt  e.g. *lokuti

The evaluation in (42) shows the mapping of the SR /CV(dYtY)y/ to an AudF in
production. The analysis mirrors the analysis of the preservation and loss of jers in
Section 4.7. The difference between full vowels and jers is that full vowels need not appear
as the head syllable in a foot to undergo cumulative lengthening. JER#/HS&OS& d-Longer is
inapplicable, as neither of the two jers is in the cumulative context. V/OS& d-Longer makes
sure that the full vowel is lengthened in the cumulative context. JER RED, violated by
candidate (b) twice, enforces jer reduction. Candidate (c), with a phonetically lengthened
full vowel and both jers reduced, is the most harmonic.

(42) SR:/CV.(dY.AY)y/

V/OS& d- i JER/HS&OS | JERRED N/=[[Va3]] | /Y/=[[Vi=2]]
Longer | & d-Longer :

a. | [[CVasdVartVaal] * | i -
b. | [CVasdVaatVaa]] v | o *
o . | [[CVasdVartVaal] v | * i o
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In perception, the AudF [[CV4=4dV4=1tV4=1]] is mapped onto /CV:dt/, with CL. Both
vowels of subminimal duration are lost, which is enforced by [[CV4=;]] =/C./. In candidates
(b) and (c) the full vowel of duration [4] is outside of the cumulative context (it is in a closed
syllable), so it is phonologized as long V: thanks to [[V4—4]] = /V:/.

(43) AudF: [[CVd:4dVd:1tVd:1]]

[[CVai]]= V/0S&_d- *CODA [[Vaa]l=/Vi/ ¢ [[Vaal]=/o/
/C./ Longer
a. /CV.(de.to)/ ** v
w b, /(CV:dt)y * ok
c. /(Cvdty * * **

The input /CV(dYdY)y/ is phonologized by the listener as /(CVdVd)/, without CL. As
shown in (44), in production, both the full vowel and the penultimate jer are in the cumulative
context, so they are phonetically lengthened, which is enforced by the high-ranked
V/OS& d-Longer and JER/HS&OS& d-Longer. The final jer is not similarly protected,
so it is reduced. Candidate (d), with phonetic lengthening of the full vowel and the
penultimate jer, is the most harmonic.

(44) SR:/CV.(dY.dY)y/

V/OS& _d- i JER/HS&OS | JER RED /V/=[[Va=]] /Y/=[[Va=]]
Longer & d-Longer
a. [[CVesdVe1dVea]] *| * o
b. [[CVasdVeadVaal] v *| o *
¢. [[CVesdVaidVeal] v *| * o
e d. [[CVeadVasdVea]] v v * * i

In perception, shown in (45), candidate (c), with a short full vowel, is optimal, as the
vowel with duration [4] remains in the cumulative context (the following jer is preserved).
The vowel is therefore mapped onto a full vowel with no effect of phonological lengthening.
In candidate (b), the vowel with duration [4] in the cumulative context corresponds to a long
vowel, which is penalized by V/OS& d-Longer. Candidate (a) fatally phonologizes a
subminimal vowel, which is penalized by [[CV4,]] =/C./.

(45) AudF: [[CVd:4dVd:3 dVd: 1 ]]

[[CVa]l= | V/OS&_ d- | *CODA | [[Va=l]l | [[Ves]l= | [Vl =
/C./ Longer o=V N/ o/
a. /CV.(dY.do)/ *1 v * *
b. /CV:.dVd) *| * *
w ¢, /(CV.dVd) v * #* *
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Finally, the input/CV(tYtY)y/ is phonologized as /CV1t/, as the full vowel stands before a
voiceless consonant, so the context for CL is not met. For that reason, in production
V/OS& d-Longer is mute, as visible in (46). Candidate (a) with no phonetic lengthening
is the most harmonic, as it maps the full vowel onto a vowel with duration [3] (coerced by /V/

=[[Va=s1D.

(46) SR: /CV.(tY.tY)y/

V/OS& _d- | JER/HS&OS | JERRED | /V/=[[Vas]] | /Y/=[[Va=2]]
Longer & _d-Longer
wa,  [[CVestVe-1tVe-]] Hx
b.  [[CVa4tVeatVa-2]] *|* *
c. [[CVaatViitVe1]] * !

In the mapping from AudF to SF in (47), [[CV 4=3tV =1tV 4=1]] is phonologized as /CV1t/.
A vowel with duration [3] is mapped onto a short full vowel.

(47) AudF: [[CVd:_?,tVd: 1 tVd:1 ]]

[[CVai]]= V/OS&_d- *CODA [[Vass]1= & [[Va=ll=
/C./ Longer v/ /a/
a. /CV.(to.to)/ *1*
b. /(CV:tt)/ * * k|
wc. /(CVit)/ * o

The rankings of the relevant constraints in the speaker’s and listener’s grammars are given
in (48) and (49), respectively. Bidirectionality means that the constraints are used in
production and perception. The main difference between the two grammars lies in the
different ranking of *Copa with respect to /C./ = [[CV4=]]. The rankings derive phonolo-
gization of cumulative phonetic length and loss of jers.

(48) *Copa, V/OS& _d-Longer, Jer/HS&OS& d-Longer >> JEr RED >> /C./ = [[CV4=1]],
IV = [[Va=all, 'V/ = [[Va=3]l, 1Y/ = [[Va=2]]

(49) /C./=[[CVq4]], V/OS& d-Longer >> *Copa, /V/ = [[Vas]l, o/ = [Vaur]]

Longer sequences of vowels showed less predictable behavior, because other consid-
erations came into play. For example, jers that appeared in antepenultimate or root-initial
positions were variably preserved before voiceless consonants, e.g. *domutfiki >
/domatfk/ ~ /dumtfk/ ‘house’ dimin. (Timberlake 1988: 228). Plausible explanations for
the variable preservation of such jers involve reference to additional structural consider-
ations, e.g. a constraint against three-consonant clusters, and to morphological factors,
e.g. morpheme-specific and paradigm uniformity constraints. This is beyond the scope of
this paper.
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6. Summary

This constraint-based analysis of CL is fully consistent with and provides additional
evidence for the analysis of the preservation of jers. However, an important difference
between jers and full vowels has been identified. While jers and full vowels are similar in that
phonetic lengthening applies to them in the cumulative context: in an open syllable and
before a voiced consonant, the two types of vowels show a difference in the context of the
application of lengthening. It turns out that jers are lengthened when they appear in the first
syllable of a foot dedicated specifically to jers. The lengthening of full vowels is not similarly
metrically restricted. It suffices that they appear in an open syllable and before a voiced
consonant. Thus, although the phonetic motivation for lengthening is similar for all vowels,
lengthening of jers additionally required that they be part of a specific metrical structure: a
foot composed entirely of jers.

The outcomes of the two processes (jer preservation and CL) in terms of vowel duration
are summarized in (50). Jers in the shortening context were lost. Those jers that were
phonologically lengthened in the cumulative context (recall that phonological lengthening
was also conditioned by the loss of a jer in the next syllable) are identical in duration to full
vowels in the shortening context. The prediction that the reflexes of such jers merged with
full vowels is indeed borne out: They merged with /e/, e.g. /wesew/ oset ‘donkey’.”” There is
no qualitative or quantitative distinction between the reflexes of phonologically lengthened
jers and short full vowels in modern Kashubian, cf. /wesew/ dsef ‘donkey’ and /xleb-a/
chleba ‘bread’ g.sg.*° Finally, the full vowels that were phonologically lengthened through
CL merged with existing long vowels.

(50) V[duration] — outcome
V[1] — @ ajer in the shortening context
V[3] — V ajer in the cumulative context & a full vowel in the shortening context
V[4] — V: a full vowel in the cumulative context & a long full vowel

The mechanism of listener-oriented change falls out from the architecture of the BiPhon
model. The same cue constraints play a role in production and perception. However, in
perception they interact with structural constraints. Put differently, perception is not regu-
lated by cue constraints alone. Structural constraints are also relevant (Boersma & Hamann
2009). Specifically, the low-ranking of *Copa in the grammar of the listener facilitates the
interpretations of short vocalic intervals as consonant releases in perception. If *Copa had
been ranked high, such a reinterpretation would not have been possible (the loss of jers
creates codas on a massive scale). So the loss of jers was induced by the demotion of *Cobpa
in the listener’s grammar. In other words, changes in syllable structure were the catalyst for
the reinterpretation of short vowels as consonant releases, not the other way round.

2 Occasionally, reflexes of jers merged with the vowel /i/, a reflex of a long vowel, e.g. /weziw/ orzéf ‘eagle’.
This outcome is not systematic and may have been a later development. A listener had no way of’ kﬁowing whether a
full vowel was derived from a jer or a short full vowel, as their reflexes did not differ in quality (Y — /e/) (though
they differed in phonological behavior, see fn. 30).

30 Reflexes of jers and full vowels can be distinguished on the basis of phonological behavior. Reflexes of jers
alternate with zero, e.g. /wesew/ osef ~ /wesw-a/ dsta ‘donkey’ n.sg./g.sg., while reflexes of full vowels alternate
with other full vowels (due to CL and subsequent changes in the quality of long vowels), e.g. /xleb-a/ chleba ~ /xlip/
chléb ‘bread’ g.sg./n.sg.
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7. General discussion
7.1. Why OT constraints?

Formalization of the analysis in terms of rankable OT constraints offers a way to system-
atically represent an interaction of various pressures, including perceptual biases, language-
specific structural patterns, faithfulness to the input, and articulatory constraints. In addition,
ranked OT constraints provide useful tools in representing differences in the relative
importance of various forces in different languages. The predictions of such analyses can
be verified computationally. For example, Boersma & Hamann (2008) and Boersma (2006)
present the results of computer simulations of auditory dispersion and prototype effects
using OT constraints in the BiPhon model. In fact, a constraint-based decision mechanism
like OT or Harmonic Grammar (Smolensky & Legendre 2006) may well reflect neural
processing in general (Boersma 2003).

7.2. Language-specific phonetics and phonology

The analysis is consistent with the well-supported finding that phonetics, like phonology, is
language specific, rather than universal and automatic. For example, phonetic vowel
duration is a strong cue to the voicing of the following obstruent in English but a weak
cue in Polish and Czech (Keating 1985). The differences in phonetic realization may be
responsible for divergent developments in related languages. Specifically, the reason why
the voicing of the following consonant played a role in the preservation of jers in Kashubian
but not in Polish may have been that the effect of phonetic lengthening before voiced
consonants was stronger in Kashubian than in Polish. Hence, the cumulative context for the
phonologization of length includes three conjuncts in Kashubian (head syllable, open
syllable, and a following voiced consonant) but two in Polish (head syllable and open
syllable). There is compelling evidence that such phonetic patterns must be language
specific.

The analysis is also consistent with the assumption that phonology is language specific.
Ultra-short vowels (jers) showed a preference to form their own feet in LCS, a tendency in
part based on the universal grouping principles but not necessarily found in other languages.
No claims are made as to the universality of the structural constraints used in this analysis. In
fact, there is accumulating evidence that certain distributional patterns are not optimizing
and must be categorized as phonologically arbitrary and language specific (Paster 20006,
Czaplicki 2013, 2019, 2024). Likewise, there is evidence suggesting that features are
arbitrary and language specific, as opposed to universal or innate (Boersma & Hamann
2008, Mielke 2008).

7.3. Distinct constraints for jers and full vowels

What is the reason behind formulating separate constraints for jers? As already mentioned,
jers differed in their behavior from other vowels. First, they were subject to Havlik’s Law in
various dialects LCS. In Polish, they were strengthened in the position preceding other jers.
The jers that failed to be strengthened, that is, those that stood before full vowels and word-
finally, were lost. Full vowels were not similarly affected in this context. Second, in some
Slavic languages the context of jer preservation was disconnected from the context of
analogous processes applying to full vowels. For example, in Polish, jer preservation applied
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in the context stated in Havlik’s Law, while CL applied to full vowels before voiced
consonants in open syllables. Such evidence is consistent with the assumption that jers
formed metrical feet of their own and that the processes that applied to them were (partly)
independent of those that applied to full vowels.

7.4. An alternative analysis: Subfeatural representations of phonetic effects

Lionnet (2016) offers a different account of cumulative effects. He argues that phonetic
effects should have subfeatural representations. Specifically, phonetic lengthening should be
encoded in phonological representations. Cumulative effects are derived when two or more
lengthening contexts co-occur on a single vowel. Lionnet (2016) argues that subfeatural
representations are capable of capturing the fact that pHoNETIC lengthening is also found
outside of cumulative contexts. The present analysis focuses on those instances of phonetic
lengthening that have an impact on phonology (i.e. cumulative contexts in Kashubian), as
such patterns are detected by the listener and can induce change (when structural constraints
allow it). In other words, this analysis capitalizes on the finding that not all phonetic variation
leads to listener-induced change.

7.5. An alternative analysis: Vowel lengthening as contrast displacement

Flemming (2008) discusses the pattern of vowel lengthening in Friulian, where an under-
lying voicing contrast is realized as a vowel length contrast in word-final position (Baroni &
Vanelli 2000). Word-final obstruents are devoiced, but the underlying contrast is preserved
thanks to the lengthening of the preceding vowel before devoiced obstruents. The voicing
contrast is thus preserved as a difference in vowel duration. Flemming (2008) analyzes the
Friulian pattern as contrast displacement or transformation, i.e. exaggeration of vowel
duration differences in the absence of closure voicing for oral stops. However, an analysis
along these lines is problematic. In Friulian, lengthening took place before all voiced
consonants, including stops and sonorants (Loporcaro 2015). While an analysis invoking
contrast displacement is feasible for final voiced stops, it is problematic for sonorants. In
contrast to oral stops, whose identification depends on release burst and consonant-to-vowel
formant transitions, sonorants have internal phonetic cues (formant transitions) and are not
devoiced in final position, so their identification relies less on transitional cues (Jun 2004:
61-63). Therefore, the loss of the following vowel is not as detrimental for the perceptibility
of sonorants as it is for the perceptibility of stops. The Kashubian pattern under discussion,
which also involves lengthening before all voiced consonants, is similarly difficult to
account for by invoking the mechanism of contrast displacement. The present analysis
using cumulative lengthening offers a uniform explanation: Vowels are phonologized as
long when three (or two) lengthening contexts coincide. There is independent evidence that
each of the contexts involved may cause phonetic lengthening.’'

31 Kawahara (2006) questions the plausibility of analyses invoking constraint conjunction and particularly three-
way constraint conjunction. He argues that no grammar is known to prohibit three or more occurrences of a
particular structure. Such a prohibition could be enforced by a three-way self-conjunction of a constraint (e.g. no
three voiced obstruents in a stem). However, in the present analysis the conjoined constraint is used to define the
threshold for phonologization of length on a single segment, so it is an instance of local conjunction.
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8. Conclusion

This paper has discussed two changes in Kashubian that involve reanalysis of phonetic
duration as phonological length. Jers were preserved when they were phonetically long;
otherwise, they were lost. Similarly, in CL, phonetically long vowels were reinterpreted as
phonologically long. In the two changes, the phonetic conditions that were responsible for
phonological lengthening were elucidated. Vowels in head syllables, in open syllables, and
before voiced consonants are longer than vowels in non-head syllables, in closed syllables,
and before voiceless consonants. An additional requirement was identified for jer preser-
vation. The lengthened jer had to be footed together with the following jer. No similar
requirement was identified for full vowels.

It has been shown that phonological constraints must be allowed to access fine-grained
phonetic information. The analysis has invoked the mechanism of LCC to treat the
cumulative effect of prosodic and segmental context on the phonologization of phonetic
length. The local conjunction of the contexts inducing phonetic lengthening is necessary to
trigger the phonologization of length. In addition, it has been demonstrated that reinterpre-
tation of phonetic cues is conditioned on changes in the ranking of structural constraints
(demotion of *Copa). This paper contributes to the typology of processes analyzed using the
phonetically grounded models, as it provides evidence of alternations that are conditioned on
the cumulative effects of the prosodic and segmental context on vowel duration.
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