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ABSTRACT

This dissertation investigates the role of grammatical versus methodological
influences in the production and perception of final devoicing in experimentally-elicited
speech from Russian. It addresses the question of how the partial preservation of the
phonological voicing contrast in word-final obstruents is affected by (i) task-independent
factors that reflect phonological and lexical properties of stimuli words (underlying
voicing, word length, lexical competition) and (ii) task-dependent biases that arise due to
the nature of the experimental task performed by the speaker (availability of orthographic
inputs, presence of minimal pairs among the stimuli). Results of a series of acoustic
production and perceptual identification tasks reveal that task-dependent factors account
for the presence of robust and perceptually salient differences in the parameter of
phonetic voicing. Several types of stimuli items also show limited but statistically
significant differences in closure/frication duration and release duration that are
independent of the presence of orthography or inclusion of full minimal pairs among test
items. Taken together, these findings indicate that non-grammatical factors can play a
prominent biasing role in both production and perception of the voicing contrast in
experimentally-elicited speech, such that certain voicing-dependent cues are maintained
only in the presence of task-dependent pressures. However, not all incompletely
neutralized differences between phonologically voiced versus voiceless final obstruents
can be attributed to the effects of orthography or inclusion of minimal pairs among the
stimuli. In the theoretical domain, these results are argued to favour a less restrictive
definition of neutralization and a model of phonology that views devoicing as a loss of
the primary acoustic cue to the underlying voicing contrast rather than complete identity

of the [voiced] feature.
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CHAPTER 1: INTRODUCTION
1.1. Research Questions and Preview of the Findings

This dissertation examines the influences of grammatical versus methodological
factors in the production and perception of final devoicing in laboratory speech. In recent
years, formal analyses of phonological phenomena and entire linguistic frameworks have
often been grounded in experimentally-elicited data (e.g., Articulatory Phonology;
Browman & Goldstein, 1992). Laboratory speech offers many important advantages over
spontaneous recordings of the same utterances, including the ability to elicit multiple
tokens of each stimulus item and to control for prosodic patterns (Xu, 2010). However,
both the production and perception of experimentally-elicited data are known to be
sensitive to the nature of the task performed by the speaker and the speaker’s access to
meta-linguistic information during or before testing (Ohala, 1995a; Niedzielski, 1999;
Hay et al., 2009, 2010; Pitt, 2009; Drager et al., 2010; Hay & Drager, 2010; Coté &
Kharlamov, 2011; for similar effects in the domain of psychology, see Duncan et al.,
1969; Rosnow & Rosenthal, 1997). Thus, the contrasts seen in laboratory speech may not
be representative of the grammatical knowledge that plays a role in everyday
communication. Instead, the observed effects may be driven by task-dependent biases
and may correspond to a subtype of linguistic performance that is relevant only in
experimental environments.

The general goal of the current investigation is to advance our understanding of
the biasing role of methodological influences in experimentally-elicited devoicing data,

including the theoretical consequences of the presence of incompletely neutralized



contrasts. This goal is addressed in a series of acoustic production and perceptual
identification tasks that investigate the voicing contrast in word-final obstruents in
Russian, a language that has so far received limited attention in the experimental
literature on laryngeal neutralization despite being a classical example of a devoicing
language.

Crucially to the present discussion, the Russian language is known to neutralize
the underlying voicing contrast in phonetic realizations of word-final obstruents, with
words such as /kot/ 'cat' and /kod/ 'code' presumably sharing the same output form [kot]
(Avanesov, 1956; Wade, 2010). This process is known as ‘neutralization’ or ‘(word-final)
devoicing’ and, in addition to Russian, it is thought to affect final obstruents in German,
Dutch, Afrikaans, Catalan, Turkish, Polish, Czech, Slovak and many other languages and
dialects (Moulton, 1962; Benni, 1964; Heim, 1976; Wierzchowska, 1980; Hualde, 1992;
Donaldson, 1993; Rubach, 1993; Booij, 1995). However, a growing number of
experimental studies done in the past 40 years have reported that speakers of neutralizing
languages maintain significant durational differences between phonologically voiced
versus voiceless obstruents and that listeners can use such cues to infer the intended
voicing specification of final segments at above-chance level (among others, Charles-
Luce, 1985; Port & O’Dell, 1985; Port & Crawford, 1989, Piroth & Janker, 2004; Warner
et al., 2004; Dmitrieva et al., 2010, Matsui, 2011; Réttger et al., 2011). In other words,
neutralization of the voicing contrast has been found to be incomplete in both production
and perception, a finding that is sometimes claimed to be incompatible with those formal

analyses of devoicing that operate on abstract underlying representations (Port, 1996;



Port & Leary, 2005; Ernestus & Baayen, 2007a, 2007b) or the traditional two-way
laryngeal classification of obstruent phonemes (Ernestus, 2000). At the same time, other
studies have argued that the apparent lack of neutralization in laboratory speech does not
necessarily signal preservation of the underlying contrast but may instead be due to task-
dependent factors, including speakers’ exposure to orthographic forms during testing or
inclusion of full minimal pairs among the stimuli (among others, Fourakis & Iverson,
1984; Mascar6, 1987; Jassem & Richter, 1989; Manaster Ramer 1996a, 1996b). Hence,
incomplete neutralization of the voicing contrast in final obstruents may be driven by the
nature of the experimental task performed by the speaker or the composition of the
stimulus list rather than the grammar.

To evaluate the effects of grammatical versus methodological influences on the
degree to which the voicing contrast is neutralized in the production and perception of
laboratory speech, two types of factors are specifically manipulated in the current
investigation: (1) task-independent/phonological and lexical factors (place and manner of
articulation of the final consonant, word length in syllables, availability of lexical
competition) and (i) task-dependent/methodological influences (presence of orthographic
representations during testing, inclusion of full minimal pairs among stimuli items). For
speech production, results of the thesis reveal that significant voicing-dependent
differences are present at the group level for the acoustic parameter of closure voicing
and, for a subset of test items, closure/frication duration and release duration but not
preceding vowel duration. Crucially, differences in closure/frication duration and release

duration signal underlying voicing regardless of whether or not task-dependent factors



encourage preservation of the contrast. Differences in closure voicing, however, show a
strong influence of task-dependent factors and are significant (or marginally significant)
only when participants are exposed to orthographic representations of the stimuli or
presented with minimally contrasting item pairs. At the individual level, differences in
glottal pulsing are more robust and consistent than differences in consonantal duration.
For speech perception, the current investigation shows that listeners are able to identify
intended voicing with limited accuracy only, with the majority of experimental stimuli
showing a voiceless bias and with response rates of around 50% not always signaling
chance-level performance. Identification responses are also found to be highly sensitive
to the presence of task-dependent acoustic cues.

The present findings confirm that methodological factors can have a strong
biasing effect on the production and perception of word-final devoicing, such that many
of the observed voicing-dependent effects can be attributed to a task-dependent
manipulation of the acoustic cue of glottal pulsing. At the same time, the incompletely
neutralized contrasts in consonantal duration appear to be maintained for task-
independent reasons. These results are argued to favour a less restrictive definition of
neutralization and a model of phonology that views devoicing as a loss of the primary
acoustic cue to the underlying voicing contrast rather than complete identity of the

[voiced] feature.



1.2. Overview of the Chapters

The dissertation is organized as follows. Chapter 2 introduces the topic of the
present investigation by reviewing the background literature on final devoicing and
pointing out the relevant grammatical and methodological influences. Chapter 3 is
concerned with production aspects of the voicing contrast in word-final obstruents in
Russian and it reports the results of an acoustic production experiment that investigated
the effects of task-independent versus task-dependent factors on the retention of cues to
underlying voicing. Perception-related issues are addressed in Chapter 4, which presents
the findings of a series of perceptual identification tasks that examined Russian listeners’
sensitivity to the voicing-dependent differences found in production. Chapter 5 discusses
the experimental findings and their implications. Conclusions and possibilities for future

research are presented in Chapter 6, followed by a list of references and appendices.



CHAPTER 2: BACKGROUND
2.1. Introduction

Chapter 2 begins with overviews of the cross-linguistic typology of laryngeal
neutralization and the traditional (prescriptive and formal) accounts of final devoicing
(Section 2.2.). This is followed by a summary of the previous experimental findings in
the domains of production (Section 2.3.) and perception (Section 2.4.). Given the
methodological focus of the present dissertation, descriptions of previous studies include
information on the experimental procedures, stimuli items, participants, and other
relevant methodological aspects (the reader who is not interested in such detailed reviews
may proceed to Section 2.3.6., which offers a summary of the previous production
results, and Section 2.4.6., which is an overview of the previous perception findings). The
remainder of Chapter 2 presents the debate on the roles of grammatical versus
methodological factors in experimentally-elicited devoicing data (Section 2.5.), followed

by a brief summary of the background claims (Section 2.6.).

2.2. Final Devoicing: a Theoretical Overview
2.2.1. Typology
The majority of the world’s languages that have both voiced and voiceless
obstruents in their segmental inventories allow the two types of consonants to surface in
word-initial and word-medial positions (Denes, 1963). However, many languages differ
with respect to whether or not phonetically voiced obstruents may be found word-finally.

In neutralizing languages and dialects, only voiceless stops and fricatives are allowed in



word-final positions, with phonologically voiced obstruents being devoiced in order to
meet this restriction (e.g., articulating /d#/ as [t]). This process of word-final devoicing is
often described as a phonetically natural, easy-to-acquire phonological regularity that can
be attested even in the speakers of languages without word-final obstruents (e.g., during
the production of L2 words; Stampe, 1969). Notable examples of neutralizing languages
and dialects include German, Dutch, Afrikaans, Catalan, Turkish, Polish, Russian,
Singapore English, Ojibwa, and Wolof (for general summaries, see Brockhaus, 1995;
Blevins, 2006; Myers, 2012).

In non-neutralizing languages and dialects, the voicing contrast is maintained
both underlyingly and on the surface, such that phonemically voiced word-final
obstruents are pronounced as voiced (e.g., articulating /d#/ as [d]). At the phonetic level,
phonological voicing is usually signalled by vocal fold vibration during the closure stage
of the obstruent, shortening of the final consonant, lengthening of its preceding vowel,
and absence of aspiration (for a detailed list of voicing cues, see Lisker, 1986). Examples
of non-neutralizing languages and dialects include the majority of English varieties

spoken in North America and the British Isles, Spanish, French, Ukrainian, and Sorbian.

2.2.2. Descriptive Accounts

Descriptive accounts of word-final devoicing have traditionally been based on
impressionistic data, and they represent the view that no distinction is maintained in
either production or perception between consonants that are phonologically voiceless and

those that are underlyingly voiced but phonetically devoiced. For example, the



underlying representation of the Russian word /kod/ 'code' ends in the voiced coronal
plosive /d/ (with underlying voicing seen in morphologically-related forms in which the
critical segment in pre-vocalic and is pronounced as [d]; e.g., the plural form /koda/).
However, the phonetic output form of /kod/ is assumed to be [kot], which is
homophonous to that of /kot/ 'cat' that ends in the lexically voiceless coronal stop /t/ (as
evidenced by the plural form /kota/ that is articulated with a word-medial [t]) (among
others, Avanesov, 1956; Timberlake, 2004; Wade, 2010).

Hence, a word-final [t] in Russian may correspond to either an underlying /d/ or
an underlying /t/, with the true identity of the consonant presumably not being
recoverable from phonetics. Such loss of the underlying voicing contrast is also assumed
in the majority of (largely descriptive) phonological grammars of German (e.g., Moulton,
1962), Dutch (e.g., Booij, 1995), Afrikaans (e.g., Donaldson, 1993), Catalan (e.g.,
Hualde, 1992), Polish (e.g., Benni, 1964; Wierzchowska, 1980), and other neutralizing
languages. Notably, despite the general agreement on the completeness of neutralization,
descriptive accounts often vary in how they formulate the environment in which
neutralization applies. In many grammars, devoicing is presented as a syllable-final
phenomenon (e.g., Hualde (1992) for Catalan; Booij (1995) for Dutch). In other studies,
devoicing is argued to be word-final (e.g., Donaldson (1993) for Afrikaans; Wade (2010)
for Russian) or even phrase-final in some of the same languages (e.g., Timberlake (2004)
for Russian) (also, see Hock (1999) and Blevins (2006) for diachronic discussions of the

domain of devoicing in languages such as German).



2.2.3. Formal Analyses

Formal analyses of devoicing have been developed largely on the basis of
descriptive data and they vary depending on which particular phonological framework is
adopted and which pressure is thought to mitigate against preservation of the voicing
contrast in final obstruents. For example, many researchers have argued that the
devoicing process is driven by such grammar-internal pressures as syllable structure and
markedness (e.g., Rubach, 1990; Lombardi, 1994; Kiparsky, 2008). Others have
proposed that final devoicing has phonetic or perceptual motivations and that it should be
attributed to such factors as the voicelessness of the word-final boundary (Lass, 1971;
Lightner, 1972; Ingram, 1989), phrase-final lengthening and the presence of laryngeal
spreading and closing gestures (Blevins, 2004, 2006), the general aerodynamic
constraints that inhibit the production of voicing in obstruents (Ohala, 1983; 1997), or the
low perceptual salience of word-final segments (Steriade, 1999).

In models based on the SPE (Chomsky & Halle, 1968), both syllabic and non-
syllabic accounts of final devoicing are traditionally represented as a linear rule which
dictates that all obstruents must be realized as voiceless when word-final (syllable-final,
adjacent to a prosodic boundary, occurring in a non-salient environment, etc.). A classic

example of the devoicing rule is shown in (1) (based on Vennemann, 1968).’

(1) [-sonorant] -> [-voiced] /  #

' The rule in (1) may also be represented with monovalent features, may refer to syllabic, morphemic,
phrasal, etc. boundaries and/or may use [obstruent] instead of [sonorant] or [tense] instead of [voice]. For
examples of various versions of the rule, see Kenstowicz & Kisseberth (1979), Lass (1984), and Hall
(1992).



In frameworks such as Government Phonology (Kaye et al., 1985) and
Autosegmental Phonology (Goldsmith, 1990), neutralization of the voicing contrast is
attributed not to a feature-changing process but rather to the absence or presence of a
particular laryngeal element for phonologically voiced segments, such as delinking of a
laryngeal node/feature (Lombardi, 1994; Brockhaus, 1995; Ferme, 2006) or addition of
[spread glottis] to underlyingly voiced (lenis) consonants (Iverson & Salmons, 1995,
1999, 2007; Vaux & Samuels, 2005). A sample autosegmental analysis of the difference
between a fully voiced [d] and a devoiced [d] is provided in (2), with ‘L’ representing the

laryngeal element that undergoes delinking (based on Brockhaus, 1995).

2)
[d] X [d] X
ROOT o« ROOT o
LAR ° LAR %

In Optimality Theory (Prince & Smolensky, 2004), neutralization of the voicing
contrast in final obstruents is usually analyzed as an effect of a markedness constraint
against voiced obstruents in syllable-final environments (e.g., ‘*VOICED-CODA: coda
obstruents are voiceless’, Kager, 1999) or, in non-syllabic analyses, to a constraint

against voiced stops and fricatives that are not released into a sonorant sound (e.g.,
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“*[voice]/V_[-son]’, Steriade, 1999; ‘FINALDEVOICING (FD): voiced obstruents are only
allowed in a position preceding a tautosyllabic sonorant’, van Oostendorp, 2008). When
ranked above the relevant faithfulness constraint that prohibits changes to the voicing
specification of speech sounds (e.g., ‘IDENT-IO(VOICE)’, Kager, 1999), the markedness
constraint penalizes voiced realizations of word-final (coda-final, phrase-final, etc.)
obstruents. Alternatively, the same prediction can also be achieved if using a context-free
markedness constraint against voiced obstruents (e.g., “VOICED OBSTRUENT PROHIBITION
(VOP), *[+voi, -son], no obstruent must be voiced’, Kager, 1999) or a general constraint
against laryngeal specification (e.g., “*LAR: Do not have laryngeal specifications’,
Lombardi, 1999). Such constraints penalize voiced realizations of obstruents when
ranked below domain-specific faithfulness constraints that require preservation of voicing
in non-neutralizing environments (e.g., ‘IDONSLAR: A pre-sonorant consonant in an
onset should be faithful to underlying laryngeal specification’, Lombardi, 1999). A

sample OT analysis of final devoicing is provided in (3) below (based on Kager, 1999).>

3)
Input: /d#/ *VOICED-CODA IDENT-IO(VOICE)
[d#] *|
= [t#] *

Notably, although the analyses outlined above use different phonological

frameworks and attribute final devoicing to different factors, they all rely on the restricted

* For an example of the approach using a context-free markedness constraint, see Petrova et al. (2006).
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definition of neutralization according to which the outcome of the neutralization process
is a complete change in category membership (from voiced to voiceless; Kiparsky, 1976).
In other words, formal analyses of word-final devoicing aim to ensure that underlyingly
voiced and voiceless obstruents have the same featural organization at the phonetic level,
with only fully voiced and fully voiceless candidates being considered as potential output
forms of underlyingly voiced final obstruents. In addition, for languages such as German,
the assumption that the underlying contrast is lost in production remains applicable even
when the neutralization process is described as final fortition and the underlying contrast
is analyzed as involving [tense] or [spread glottis] instead of [voice] (e.g., Iverson &

Salmons, 1995, 2007; Jessen, 1998, 2001; Jessen & Ringen, 2002; Beckman et al., 2009).

2.3. Experimental Production Findings

Contrary to the traditional view on final devoicing, experimental production
studies done in the past 40 years have repeatedly shown that speakers of neutralizing
languages preserve acoustic cues to the underlying laryngeal specification of word-final
obstruents, with robust and usually statistically significant voicing-dependent differences
seen in such parameters as preceding vowel duration, consonantal closure and release
duration, and closure voicing (among others, Chen, 1970; Dinnsen & Charles-Luce,
1984; Port & O’Dell, 1985; Slowiaczek & Dinnsen, 1985; Pye, 1986; Charles-Luce,

1993; van Rooy et al., 2003; Warner et al., 2004; Smith et al., 2009; Dmitrieva et al.,
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2010; Rottger et al., 2011).> However, a few experimental studies have found no
evidence for preservation of the voicing contrast in some of the same neutralizing
languages (Fourakis & Iverson, 1984; Inozuka, 1991; Kopkalli, 1993), which has led
some researchers to question the validity of incomplete neutralization findings (Fourakis
& Iverson, 1984; Manaster Ramer, 1996a, 1996b). Acoustic measurements and
experimental tasks that have been used in previous neutralization studies are described in
Section 2.3.1. that follows. Methodologies and main findings of selected published works
are summarized in Section 2.3.2. through Section 2.3.5. and are grouped by the language
of investigation as well as the authors’ conclusions with respect to the maintenance of the

voicing contrast. A general summary of the previous studies is offered in Section 2.3.6.

2.3.1. Procedures and Acoustic Measurements

Experimental studies of the voicing contrast in word-final obstruents usually
report the results of a reading task during which orthographic representations of stimuli
words are presented in isolation or embedded in carrier sentences and participants are
instructed to read each word or sentence out loud in their regular voice and intonation
(e.g., Chen, 1970; Port & O’Dell, 1985; Kopkalli, 1993; van Rooy et al., 2003; Warner et
al., 2004; Dmitrieva et al., 2010). Non-reading tasks have been used in very few previous
studies and have included oral conjugation of verbs (Fourakis & Iverson, 1984), oral
depluralization of nouns (Roéttger et al., 2011), and word-guessing on the basis of short

descriptive questions (Jassem & Richter, 1989). In such tasks, speakers are not exposed

? For additional unpublished evidence, see Tieszen & Read (1993) and Tieszen (1997) (Polish), Shrager
(2006) (Russian), Abu Bakar et al. (2007) (Malay), Kuzla & Dubeda (2008) (Czech), Nicolae & Nevins
(2009) (Turkish), and Iosad (2010) (Breton).
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to orthographic representations of test items but rather recall wordforms from memory
when asked to provide words that are morphologically and/or semantically related to
specific trigger tokens. For both reading and non-reading tasks, stimuli items are usually
randomized and mixed together with an equal number of filler words (in order to mask
the goal of the study) and multiple repetitions of all test items are often produced by each
speaker.

Findings of acoustic production studies are usually based on the analyses of 4
parameters for plosives (preceding vowel duration, consonantal closure duration,
consonantal release duration, and closure voicing) and 3 parameters for fricatives and
affricates (preceding vowel duration, closure/frication duration, and voicing into the
consonant). Preceding vowel duration is traditionally calculated in milliseconds from the
onset of visible F2 and F3 to their offset (Chen, 1970; Fourakis & Iverson, 1984; Port &
O’Dell, 1985; Dinnsen & Charles-Luce, 1985; Port & Crawford, 1989; van Rooy et al.,
2003). For words with a sonorant consonant adjacent to the final vowel (e.g., /VI/, /Vn/),
the measurement can include the entire vowel+consonant sequence (Port & O’Dell, 1985;
Piroth & Janker, 2004).

Consonantal closure/frication duration is measured in milliseconds from the end
of the preceding vocalic nucleus to the beginning of the release burst of the plosive or to
the end of the high frequency noise associated with the final fricative or affricate
(Fourakis & Iverson, 1984; Charles-Luce, 1985; Port & O’Dell, 1985; Pye, 1986;

Dinnsen & Charles-Luce, 1985; Port & Crawford, 1989; Wissing & van Rooy, 1992; van
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Rooy et al., 2003). For words containing nasal stops followed by oral plosives, the
measurement can include the entire closure period (Port & Crawford, 1989).

Consonantal release duration is calculated only for final stops. The measurement
is done in milliseconds, starting from the onset of the release burst and continuing up to
the end of the burst or, if a consonant is aspirated, to the end of the aspiration noise (e.g.,
Port & O’Dell, 1985; van Rooy et al., 2003; Piroth & Janker, 2004). In some studies,
burst and aspiration duration are calculated separately (e.g., Fourakis & Iverson, 1984).

Closure voicing (=‘voicing into the consonant’, ‘glottal pulsing’) is determined on
the basis of one or more of the following parameters: periodicity of the waveform,
presence of a voice bar in the spectrogram, audible vocal fold activity in the acoustic
output, and presence of striations during the closure period of the consonant (e.g., the first
3 parameters are used in Ernestus & Baayen, 2007a; only the last parameter is used in
Pye, 1986). Considering that phonetic voicing is often absent during the release stage of
final stops (e.g., as many as 98% of plosives in Piroth & Janker, 2004), only the closure
part of the plosive is traditionally used to measure glottal pulsing (e.g., Dinnsen &
Charles-Luce, 1984; Port & O’Dell, 1985; Piroth et al., 1991; Piroth & Janker, 2004). For
fricatives and affricates, voicing is calculated on the basis of vocal fold vibration during
the entire period of frication (e.g., Slowiaczek & Dinnsen, 1985). The measurement can
be done in milliseconds (e.g., Port & O’Dell, 1985; Pye, 1986; Dmitrieva et al., 2010), as
a ratio (Inozuka, 1991; see also Snoeren et al., 2006), or as a number of glottal pulses
(e.g., Port & Crawford, 1989; van Rooy et al., 2003; also, the production study presented

in Chapter 3). The latter measurement is often preferred because, as pointed out in
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Fourakis & Iverson (1984), voicing is not always stable during consonantal closure and it
often stops but then reappears again, which makes any measurements in milliseconds
(including ratios) problematic.

Other acoustic parameters that have occasionally been used to investigate the
voicing contrast in obstruents in both neutralizing and non-neutralizing languages and
environments include duration of the voiceless-only part of the closure (Keating et al.,
1983), duration of the entire consonant (Mitleb, 1981; Shrager, 2006), coda or rhyme
duration (Piroth & Janker, 2004), word stem duration (Piroth et al., 1991), formant
transitions and FO values (Raphael, 1981; Wardrip-Fruin, 1982; van Rooy et al., 2003),
and spectral characteristics of the release burst (Revoile et al., 1982; Rottger et al., 2011).
However, such measurements do not generally show statistically reliable effects in the
case of word-final obstruents in neutralizing languages (e.g., van Rooy et al., 2003) and
these additional acoustic parameters are not commonly used in experimental studies of

final devoicing.

2.3.2. Data from German

Up to this date, much of the experimental evidence showing preservation of
voicing-dependent cues in production has come from German, with several acoustic
studies finding statistically significant durational differences between the surface forms
of underlyingly voiced versus voiceless final obstruents (Charles-Luce, 1985; Port &
O’Dell, 1985; Port & Crawford, 1989; Piroth et al., 1991; Piroth & Janker, 2004; Smith et

al., 2009; Rottger et al., 2011). Such findings contradict the traditional view of German
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being a language in which all word-final obstruents are discretely voiceless (Moulton,
1962; Brockhaus, 1995) and also go against the null results reported in other
experimental investigations of final devoicing in German (Fourakis & Iverson, 1984;
Inozuka, 1991). Methodologies and main results of the German studies are described
below. The studies are grouped by the authors’ conclusion with respect to the
completeness of neutralization, starting with the investigations that advocated for

retention of voicing-dependent cues in production.

2.3.2.1. Port & O’Dell (1985)

One of the earliest published studies of the voicing contrast in word-final
obstruents in German is presented in Port & O’Dell (1985) who examined the production
of voicing cues in labial, coronal, and velar plosives (/p, b, t, d, k, g/).4 Native speakers of
German (n=10) performed a word-reading task with two repetitions. The list of stimuli
words included a small set of test items (n=20, 10 minimal pairs; 4 ending in labials, 10
in coronals, 6 in velars) and a larger set of filler words (n=40). Preceding vowel duration,
closure duration, release duration and closure voicing were measured and subjected to
analyses of variance (by-subject), with underlying voicing used as the only predictor
variable.

Results of the study revealed that, for underlyingly voiced stops, preceding
vowels were longer (15 ms difference), consonantal closures were shorter (5 ms

difference), release durations were shorter (15 ms difference), and there was more

* The findings presented in Port & O’Dell (1985) were based in part on earlier unpublished work by the
same authors (e.g., Port et al., 1981; O'Dell & Port, 1983). The study also investigated perceptual aspects
of the voicing contrast. For details on the perception experiment, see Section 2.4.2.1.
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phonetic voicing for voiced segments compared to their voiceless counterparts (5 ms
difference). All differences were statistically significant and went in the direction that
could be expected on the basis of the effects observed in the studies of voicing cues in
intervocalic plosives (e.g., Mitleb, 1981). Although these results were based on small
samples of both speakers and experimental items and 6 (out of 10) stimuli pairs were
problematic (due to the presence of borrowed lexical items, archaic words, regional
forms, and wordforms without paradigmatic alternations; Piroth & Janker, 2004), Port &
O’Dell interpreted their findings as evidence for the maintenance of the underlying
voicing contrast in production and argued that the process of final devoicing in German

was a phonetic implementation rule rather than a phonological phenomenon.

2.3.2.2. Charles-Luce (1985)

Charles-Luce (1985) investigated the voicing contrast in word-final coronal
plosives and fricatives (/t, d, s, z/). In addition to determining whether voicing-dependent
differences were present in production, the study aimed to establish whether the
maintenance of such cues would be affected by phonetic environment and sentential
position. Speakers of German (n=5) performed a reading task with 5 repetitions. Stimuli
items (n=8, 4 minimal pairs; half ending in plosives) were embedded in 4 carrier
sentences, such that each word was found in 4 different environments: (i) clause-final
followed by a consonant-initial word, (ii) clause-final followed by a vowel-initial word,
(ii1) non-clause-final followed by a consonant-initial word, and (iv) non-clause-final

followed by a vowel-initial word. Filler sentences (n=40) were also included, and
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participants were familiarized with the full list of sentences prior to testing. Analyses of
variance (by-subject) examined the effects of underlying voicing, sentential position and
phonetic environment on the acoustic parameters of preceding vowel duration,
closure/frication duration, and closure voicing.

For final plosives, production results revealed that closure voicing showed effects
of sentential position, phonetic environment, and phonological voicing (5 ms longer
period of vocal fold vibration for /d/ than /t/ when clause-final and followed by a
consonant). The parameter of preceding vowel duration demonstrated effects of the
phonetic environment for voiced stops only (12~13 ms longer voiced stops when
followed by a vowel-initial word). For fricatives, preceding vowel duration showed a
significant main effect of underlying voicing and a marginally-significant interaction of
phonological voicing and sentential position, with longer vowels found before clause-
final /z/ (10 ms difference). No other significant voicing-dependent effects were observed
for either plosives or fricatives. Although these findings were based on very small
samples of speakers and test items and very few significant voicing-dependent effects
were actually observed, Charles-Luce concluded that the voicing contrast was preserved
in German and that the degree of neutralization was affected by both the following
phonetic environment and the sentential position. However, as pointed out in Piroth &
Janker (2004), any interpretation of Charles-Luce’s results is further complicated by the
fact that several stimuli items and the VOS (verb, object, subject) type of one of the

carrier sentences are not necessarily characteristic of everyday German speech and that
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the ¢ #V’ environment may also be analyzed as ° #Cyoiceless’ due to German having a

productive process of word-initial glottal stop epenthesis for words starting in vowels.

2.3.2.3. Port & Crawford (1989)

Port & Crawford (1989) examined the production of voicing cues in word-final
coronal stops (/t, d/), with a secondary goal of determining whether the degree of
neutralization could also be affected by pragmatic factors.” Speakers of German (n=>5)
performed 4 different tasks: (i) reading words embedded phrase-medially in non-
contrasting sentences, (ii) reading words embedded phrase-medially in contrasting
sentences (i.e., ‘I said X, not Y’; where ‘X’ and ‘Y’ are members of a minimal pair), (iii)
reading sentences for the purpose of dictation (i.e., for an assistant to write them down),
and (iv) reading a wordlist. Three repetitions were elicited in Task 1 (reading 2 times,
reciting from memory one time), one repetition was recorded for Task 2 and Task 3, and
four repetitions were produced in Task 4. Stimuli items were existing words of German
(n=6, 3 minimal pairs; including 2 forms without voicing alternations in their paradigms).
Analyses of variance (by-subject, by-item) and discriminant analyses were performed on
the measurements of preceding vowel duration, closure duration, burst duration, and
closure voicing, with underlying voicing used as the predictor variable.

The study revealed that, when the production data were pooled across all
experimental tasks, burst duration was the only parameter that was affected by underlying

voicing at a statistically significant level in both by-subject and by-item tests.

> Port & Crawford (1989) also investigated perceptual aspects of the voicing contrast. Details of the
perception experiment are presented in Section 2.4.2.2.
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Discriminant analyses showed that all acoustic cues other than closure voicing could
contribute to the maintenance of the underlying contrast, with the rates of correct
classification of 55-56% for Task 1, 63% for Task 2, 78% for Task 3, and 62% for Task
4. Individual results revealed that 4 (out of 5) speakers showed differences in burst
duration. One participant produced differences in glottal pulsing. In discriminant
analyses, only burst duration was identified as a significant contributor for all 5 speakers
(contribution of other factors varied across participants). Although only 3 minimal pairs
and 5 speakers were tested, Port & Crawford concluded that the voicing contrast was
preserved in all conditions and that speakers of German produced more prominent
differences when dictating words, less prominent differences when reading sentences,
and intermediate differences when pronouncing individual words. Furthermore, even
though only two stimuli items did not alternate in their paradigms and burst duration was
the sole parameter that showed a significant effect of underlying voicing in analyses of
variance, Port & Crawford suggested that full neutralization did not occur regardless of
the availability of paradigmatic evidence for phonological voicing and that speakers used

several cues to signal the underlying contrast.

2.3.2.4. Piroth et al. (1991)

Piroth et al. (1991) studied the voicing contrast in word-final and morpheme-final
labial, coronal, and velar stops (/p, b, t, d, k, g/). Participants (n=2) performed a reading
task with 3 repetitions. Stimuli words (n=18, including one minimal pair; 6 words per

place of articulation) were embedded in carrier phrases in 5 different prosodic positions:
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(i) word-final and utterance-final, (ii) word-final but not utterance-final, (iii) morpheme-
final (word-medial) followed by a voiced consonant, (iv) morpheme-final (word-medial)
followed by a voiceless consonant, and (v) intervocalic. Preceding vowel duration,
closure duration, release duration and duration of word stem were used as dependent
variables in analyses of variance that examined the effects of underlying voicing and
sentential position (using data pooled over subjects). Voicing during closure and the gap
between the final plosive and the following consonant were also measured but not
analyzed statistically.

Both preceding vowel duration and word stem duration showed a main effect of
underlying voicing, with longer vowels seen before voiced plosives and longer stems
observed in voiceless stops.” For these two parameters, underlying voicing did not
interact with sentential position, suggesting that the observed effects were significant
regardless of the immediate phonetic environment. In contrast, the voicing factor
interacted with sentential position for both closure duration and release duration.
Significantly longer closures for voiceless plosives were observed when stimuli items
were word-final and utterance final, morpheme-final followed by a voiceless consonant,
and intervocalic. In the remaining two environments, differences in closure duration were
only marginally significant. Longer releases for voiceless stops were seen in 3
environments only: word-final and utterance-final, word-final but not utterance-final, and
intervocalic. Piroth and colleagues also noted that phonetic voicing was absent word-

finally for almost all test items and not present in the intervocalic environment for

% Piroth et al. (1991) report durational differences in a graph format and do not provide the exact numerical
values.
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approximately half of the tokens. Although these results were based on a sample of two
speakers and 9 stimuli pairs, Piroth et al. interpreted their findings as supporting the view
that the voicing contrast was maintained in German and also stated that it would be an
oversimplification to analyze the near-absence of voicing cues in final obstruents as an

instance of phonological devoicing.

2.3.2.5. Piroth & Janker (2004)

Piroth & Janker (2004) explored how the voicing contrast was produced across 3
different dialects of German in word-final and word-medial labial, coronal and velar
plosives and labial and coronal fricatives (/p, b, t, d, k, g, f, v, s, z/). Speakers of West
German (n=2), Central German (n=2) and South German (n=2) performed a reading task
with 3 repetitions. Stimuli items (n=26, one minimal pair; 18 plosive-final, 8-fricative-
final; distributed evenly across places of articulation) were embedded in carrier sentences
in 5 different environments: (i) word-final and utterance-final, (ii) word-final sentence-
medial followed by a nasal, (iii) word-medial prevocalic, (iv) word-medial (morpheme-
final) followed by a voiceless consonant, and (v) word-medial (morpheme-final)
followed by a voiced consonant. Each speaker was also presented with 142 filler
sentences. Preceding vowel duration, closure/frication duration, release duration, coda
duration, rhyme duration and closure voicing were used as dependent measures in
analyses of variance (performed on non-averaged data). Underlying voicing and
sentential environment were the only predictor variables. Voicing during burst was

inspected visually but not analyzed.
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For words with final plosives that were embedded in neutralizing environments,
no voicing-dependent differences were observed in preceding vowel duration or closure
voicing in any of the 6 speakers. For coda duration, no significant effects were found in
the participants who spoke West German and Central German but differences were
significant in the two South German speakers (31~34 ms longer codas for voiceless
stops). For words with final fricatives placed in neutralizing contexts, no significant
differences were produced by any speaker in any of the acoustic measurements. For all
obstruents, significant differences in the expected direction were observed in the
parameters of preceding vowel duration, closure voicing and coda duration in all non-
neutralizing (control) environments (e.g., prevocalic). Even though the study tested 6
participants and only two speakers per dialect, Piroth & Janker concluded that the voicing
contrast was not preserved in final fricatives in any of the 3 dialects and that
neutralization in final plosives was dialect-specific, with South German speakers
maintaining the underlying contrast. Piroth & Janker further noted that glottal pulsing
was not a strong voicing cue in German even in non-neutralizing environments and also

suggested that the voicing contrast was likely realized using several parameters.

2.3.2.6. Smith et al. (2009)
Smith et al. (2009) investigated how speakers of German (n=13) produced the

voicing contrast in word-final coronal and velar plosives (/t, d, k, g/) in L1 German and
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L2 English in phrase-medial and phrase-final positions.” Participants performed a reading
task with 10 repetitions of each test word (5 times per environment). A total of 56 stimuli
items were included in the study (26 from German, 30 from English; minimal and near-
minimal pairs). However, the analysis concentrated only on 12 words (6 minimal pairs; 5
ending in coronals, one in velars) that were orthographically and/or phonologically
similar across the two languages (e.g., the Bad ‘bath’ ~ bat ‘asked’ pair in German,
which was similar to the bad ~ bat pair in English). The stimuli were embedded phrase-
medially and phrase-finally in carrier frames, with members of the same minimal pair
never occurring in the same sentence. Measurements of preceding vowel duration,
closure duration, release duration and closure voicing were compared in a series of t-
tests.

Results of the study demonstrated that, when speaking their native language,
German participants neutralized the difference in closure duration but maintained
significant differences in preceding vowel duration (13 ms longer when followed by
voiced plosives), release duration (12 ms longer for voiceless stops), and closure voicing
(4 ms longer for voiced plosives). Individual data further revealed that the effects of
underlying voicing were observed in 10 (out of 13) speakers for the parameter of
preceding vowel duration and 12 speakers for closure voicing. Differences in closure
duration went in the expected direction in 6 participants only. When speaking English,
their second language, the same speakers showed significant differences in all 4 acoustic

parameters, with many of the observed effects also found at the individual level. Smith et

7 The primary goal of the study in Smith et al. (2009) was to examine the role of inter-language transfer and
L1-L2 intelligibility benefits, including the production and perception of voicing cues in English.
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al. concluded that German participants maintained the voicing contrast in both LI
German and L2 English. However, Smith and colleagues acknowledged that their study
did not control for usage frequency, morphological complexity, place and manner of
articulation of final consonants and other similar grammatical factors that could have
affected the results of their investigation. The observed results were also not necessarily
representative of the German language in general, since the participants of the study were
raised speaking different varieties of German and, at the time of testing, all of them were

residing in the USA.

2.3.2.7. Rottger et al. (2011)

Rottger et al. (2011) studied the production of the voicing contrast in labial,
coronal and velar stops (/p, b, t, d, k, g/).® German speakers (n=16) performed an oral
depluralization task. Stimuli items (n=48; 16 ending in labials, 14 in alveolars, 18 in
velars) were minimally-contrasting non-words (e.g., Drud ~ Drut). Test tokens were
embedded in a carrier sentence and presented auditorily in the plural form such that the
critical consonant was in a non-neutralizing environment (e.g., die Drude). Participants
were asked to change the non-word to its singular form in which the critical consonant
would be word-final (e.g., ein Drut) and to pronounce it phrase-medially in another
carrier sentence. Each stimulus item was elicited only once. Test tokens and filler items
(n=96) were presented in 4 experimental blocks, with members of each minimal pair

always separated from each other. Preceding vowel duration, closure duration, release

¥ The study in Rottger et al. (2011) also examined the perception of voicing cues in German. Details of the
latter experiment are provided in Section 2.4.2.3.
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duration and burst intensity were used as dependent measures in a linear mixed effects
model, with underlying voicing included as a fixed effect and subjects and items as
random effects.

The study revealed the presence of statistically significant voicing-dependent
differences in the parameters of preceding vowel duration (8 ms longer vowels before
voiced stops) and burst intensity (1.24 dB louder bursts for voiceless plosives). Neither
closure duration nor release duration showed a significant effect of underlying voicing.
Rottger et al. concluded that the voicing contrast was preserved in German even in the
case of an auditory task and even when using non-word items and described the observed
incomplete neutralization of voicing cues as a “robust phenomenon whose phonological
implications should be taken seriously (p. 1725)”. However, the exact interpretation of
Rottger et al.’s results is not clear considering that their stimuli were non-words that
contrasted minimally, which could have encouraged the participants to produce voicing-
dependent differences that are not typical of more natural speech and existing lexical

items.

2.3.2.8. Fourakis & Iverson (1984)

Unlike the German investigations summarized above, Fourakis & Iverson (1984)
advocated for complete loss of voicing-dependent cues in production. In their study,
German participants (n=4) performed two experimental tasks: (i) oral conjugation of
verbs containing stem-final coronal and velar stops and coronal fricatives (/t, d, k, g, s, z/)

and (i1) reading a list of words ending in labial, coronal and velar stops (/p, b, t, d, k, g/).
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In the conjugation task, speakers heard an infinitival form of a verb and were instructed
to repeat the infinitive followed by two additional grammatical forms, including one form
in which the stem-final obstruent was word-final (e.g., hearing raten ‘advise (Inf.)’ and
producing raten, riet ‘advise (Past)’ and geraten ‘advise (Past Part.)’). During testing, test
verbs (n=11, no minimal pairs; 4 ending in coronal stops, 5 in velar plosives, 2 in coronal
fricatives) and filler words (n=5) were each repeated twice. In the word-list reading task,
speakers were presented with a small list of test items (n=10, 5 minimal pairs; 2 items
ending in labials, 6 in coronals, 2 in velars) that were mixed together with an equal
number of fillers (n=10). Every item was read 4 times. Separate t-tests were performed
for each speaker and each item using the measurements of preceding vowel duration,
closure/frication duration, burst duration and aspiration duration (for the conjugation
task) or preceding vowel duration and closure duration (for the word-list reading task).

In the case of oral conjugation, no significant differences were observed in the
pooled data. Individual results showed that one speaker produced shorter closures for
voiced coronal plosives and for voiced velar stops that followed [u:] but not [a:]. Another
participant maintained shorter closures for all voiced coronal plosives. The third subject
showed longer [a:] before voiced velars. The fourth speaker demonstrated no consistent
differences. In the word-list reading task, differences in preceding vowel duration were
significant at the group level in one word pair only (25 ms longer vowels before voiced
stops). No significant differences were observed for closure duration. Individual data
revealed that one participant maintained differences in vowel duration for 4 word pairs

and closure duration for two pairs. Another speaker produced differences in vowel
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duration (in the unexpected direction) for one word pair. The remaining two speakers
showed no reliable voicing-dependent effects. Despite the fact that these results were
based on very few subjects and test items, Fourakis & Iverson argued that the underlying
voicing contrast was not maintained in word-final environments in German and attributed
the findings to the contrary (e.g., Port et al., 1981; O’Dell & Port, 1983) to the effects of
hyperarticulation. However, Port & Crawford (1989) argued that a reanalysis of Fourakis
& lIverson’s data would show statistically significant differences at the group level if
results were pooled across items rather than subjects. Charles-Luce (1993) further pointed
out that speakers repeated a base form followed by two conjugated forms and,
consequently, the presence of disambiguating information (i.e., morphologically related
words) could have reduced the need to maintain the voicing contrast. More recently,
Piroth & Janker (2004) questioned the inclusion of outdated verbal forms among the
stimuli and criticized Fourakis & Iverson for failing to control for list effects in the

conjugation task.

2.3.2.9. Inozuka (1991)

Complete neutralization of cues to underlying voicing in word-final obstruents in
German is also claimed in Inozuka (1991) who conducted a small-scale acoustic study of
velar stops (/k, g/). German speakers (n=6) performed a reading task with two repetitions.
Stimuli items (n=18, no minimal pairs) were monosyllabic and disyllabic words that
contained voiced and voiceless velar stops in word-final, word-initial and word-medial

environments (6 words per environment). Test items were embedded phrase-medially in a
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carrier sentence. Acoustic measurements included preceding vowel duration (for word-
final and word-medial plosives only), closure duration, release duration, and vocalization
ratio. Statistical analyses were limited to a series of t-tests.

Inozuka did not find any significant differences between underlyingly voiced
versus voiceless velar plosives in the word-final environment, yet such differences were
observed in all acoustic parameters in the case of non-neutralizing positions (i.e., word-
initial, word-medial). Phonetic outputs of word-final /k, g/ also appeared distinct from
those of an underlying /k/ in word-initial and word-medial positions. Although only 3
pairs of stimuli words were tested per environment and only 6 speakers participated in the
study, Inozuka concluded that the voicing contrast was not preserved in word-final
obstruents in German and also proposed that neutralized velar stops constituted a distinct

phonetic category.

2.3.3. Data from Dutch and Afrikaans

Voicing-dependent differences between underlyingly voiced versus voiceless
final obstruents have also been found in Dutch (Warner et al., 2004; Ernestus & Baayen,
2006, 2007a, 2007b) and Afrikaans (Wissing & van Rooy, 1992; van Rooy et al., 2003).
As in the case of German, these findings contradicted the assumptions of the traditional
analyses of final devoicing in both languages (e.g., Donaldson, 1993; Booij, 1995) and
also went against the claims of complete neutralization made in the experimental
literature on the voicing contrast in Dutch (Jongman et al., 1992; Baumann, 1995).

However, despite finding evidence of incomplete neutralization of the voicing contrast,
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Warner et al. (2004) and van Rooy et al. (2003) questioned the role of the grammar in the
observed effects. Methodologies and main findings of the latter two studies are described

below.’

2.3.3.1. Warner et al. (2004)

The Dutch investigation in Warner et al. (2004) examined the production of the
voicing contrast in word-final coronal stops (/t, d/).'° Participants (n=15) performed a
word-reading task with two repetitions. Stimuli items were existing Dutch words that
either ended in plosives (n=40, 20 minimal pairs) or contained stops in intervocalic
positions (n=32, 16 minimal pairs). For plosive-final items, 37 (out of 40) words had
morphologically related forms in which the critical consonant was prevocalic (i.e., the
underlying voicing specification of the final consonant could be inferred from the word’s
paradigm). Approximately half of the pairs had phonemically long vowels. Members of
the same minimal pair were always separated from each other in the experimental list,
and filler items were added at the beginning and the end of the list to account for
intonation effects. Participants were familiarized with the stimuli prior to testing.
Preceding vowel duration, closure duration, release duration and closure voicing were

used as dependent variables in analyses of variance (by-subject, by-item; with repeated

? Only representative studies are discussed here because production aspects of the voicing contrast were not
the primary goal of investigation in Jongman et al. (1992), Baumann (1995) or Ernestus & Baayen (2006,
2007a, 2007b) and the study in Wissing & van Rooy (1992) was published in Afrikaans and only a
summary of the findings is available in English in van Rooy et al. (2003).

' Warner et al. (2004) also presented the results of a series of perceptual identification tasks. For details on
the perception component of their study, see Section 2.4.3.1.
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measures).'' Separate analyses were conducted for word-final and intervocalic
consonants, with underlying voicing and phonemic vowel length used as predictor
variables.

For word-final stops, significant voicing-dependent differences were found in the
group data in both by-subject and by-item analyses for the parameters of preceding vowel
duration (3.5 ms longer vowels when followed by voiced plosives) and release duration
(9 ms longer releases in voiceless stops after phonemically long vowels). No significant
differences were observed in either closure duration or closure voicing. In comparison,
intervocalic plosives showed significant differences in vowel duration (20 ms longer
vowels when followed by /d/) and release duration (30 ms longer releases for /t/) but not
closure duration. Warner et al. concluded that both vowel duration and release duration
served as cues to the underlying voicing contrast in Dutch. Although the presence of
orthography was not manipulated experimentally for final obstruents, Warner and
colleagues also suggested that orthographic influences were likely contributing to the
apparent preservation of voicing cues in experimentally-elicited tokens and further
pointed out the smaller magnitude of the durational differences observed in Dutch
compared to the values reported for other neutralizing languages, such as German and
Polish (e.g., differences of 10 ms or more in Port and O’Dell, 1985; Slowiaczek and

Dinnsen, 1985).

' Closure voicing was not investigated for intervocalic plosives.
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2.3.3.2. Van Rooy et al. (2003)

The Afrikaans study in van Rooy et al. (2003) investigated the production of
voicing cues in word-final coronal stops (/t, d/).'* Participants (n=8) performed a reading
task with two repetitions. Stimuli items (n=20) included a set of words from an earlier
study in Wissing & van Rooy (1992) (n=10, all contrasting minimally) as well as several
new items (n=10; a mix of existing and non-existing wordforms; 5 ending in a voiced
grapheme, 5 in a voiceless grapheme). The stimuli were embedded phrase-medially in
carrier sentences, with the critical consonant always followed by a vowel-initial
preposition. The format of the carrier sentences was chosen such that it would encourage
speakers to produce differences in voicing (e.g., ‘I have not said X or so, [ have said Y or
so’, where ‘X’ and ‘Y’ contrast in voicing and are presented in bold typeface). In addition
to the traditional measurements of preceding vowel duration, closure duration, release
duration and closure voicing, van Rooy et al. also calculated duration of final formant
transitions and FO at the midpoint and the offset of the preceding vowel. Acoustic
measurements were subjected to analyses of variance (by-subject, by-item) with
underlying voicing used as the sole independent predictor. Separate analyses were
performed for existing words versus non-words. Production data were also analyzed in a
series of (stepwise) regressions which aimed to predict underlying voicing on the basis of
acoustic parameters.

For existing words, production results revealed significant voicing-dependent

differences in preceding vowel duration for phonemically long vowels (15 ms longer

"2 The study in van Rooy et al. (2003) also investigated perceptibility of voicing cues. Details of the
perception experiments are given in Section 2.4.3.3.
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when followed by voiced plosives), closure duration (9 ms longer for voiceless stops),
release duration (14 ms longer for voiceless sounds), and closure voicing (0.3 periods
more for voiced obstruents). For non-words, significant differences were observed in
preceding vowel duration for phonemically short vowels (14 ms longer when followed by
voiced plosives), closure duration (11 ms longer for voiceless stops), release duration (12
ms longer for voiceless obstruents), closure voicing (0.9 periods more for voiced
segments), and duration of final formant transitions (0.8 periods longer for voiced
plosives). Regression analyses showed that both closure duration and release duration
contributed significantly to the maintenance of the voicing contrast for existing words as
well as non-words. Closure voicing played only a limited role for the two types of items.
Preceding vowel duration was a significant contributor for existing words only. FO was a
non-significant contributor for nonsense stimuli. Other acoustic parameters did not
enhance the statistical model. Individual results revealed that longer closures for
voiceless plosives were maintained by 6 (out of 8) speakers, longer release durations for
voiceless stops were observed in 5 participants, and more phonetic voicing for voiced
segments was produced by two speakers. For preceding vowel duration, individual
differences were small and inconsistent.

Van Rooy et al. concluded that FO and formant transitions did not signal the
underlying voicing contrast in Afrikaans and that phonetic voicing was only a marginal
cue. In contrast, differences in release duration, closure duration and preceding vowel

duration were all reliable indicators of the voicing specification in final plosives. A
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hierarchy of voicing cues for Afrikaans was also proposed and is reproduced in (4)

below.

(4) Release duration > Closure duration > Preceding V duration > (Closure voicing)

Notably, since phonetic voicing played only a limited role and release duration came out
as the most robust acoustic cue even though final plosives are not usually aspirated in
Afrikaans under normal speaking conditions, van Rooy et al. reinterpreted the underlying
contrast as involving [tense] instead of [voice] and, without testing normal speaking
conditions, further proposed that voicing cues would not be preserved in non-laboratory

speech.

2.3.4. Data from Catalan and Turkish

In addition to Germanic languages, retention of cues to underlying voicing in
word-final obstruents has also been investigated in Catalan (Dinnsen & Charles-Luce,
1984; Charles-Luce & Dinnsen, 1987; Charles-Luce, 1993) and Turkish (Kopkalli, 1993).
Both Catalan and Turkish are known in the traditional literature to neutralize the voicing
contrast in word-final stops and fricatives (Lees, 1961; Hualde, 1992). However, unlike
the majority of neutralizing languages in which different graphemes are usually used for
underlyingly voiced versus voiceless final consonants, Catalan and Turkish provide only
limited orthographic cues to underlying voicing. In both Catalan and Turkish, word-final
plosives and fricatives are typically represented with voiceless graphemes irrespective of

their phonological specification (e.g., cap ‘head’ (Catalan) and kap ‘container’ (Turkish)
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are written with the voiceless grapheme ‘p’ even though the two words end in /b/ at the
phonological level). The Catalan studies by Dinnsen & Charles-Luce (1984), Charles-
Luce & Dinnsen (1987) and Charles-Luce (1993) all argued for retention of voicing cues
in production even in the absence of graphemic cues to voicing. The investigation by
Kopkalli (1993) found complete loss of the underlying contrast in Turkish.
Methodologies and main findings of the Catalan and Turkish studies are summarized

below, starting with the work on Catalan.

2.3.4.1. Dinnsen & Charles-Luce (1984), Charles-Luce & Dinnsen (1987)

Dinnsen & Charles-Luce (1984) explored how speakers of Catalan (n=5)
produced voicing cues in word-final labial, coronal, and velar stops (/p, b, t, d, k, g/).
Subjects performed a reading task with 5 repetitions. Test words (n=10, all contrasting
minimally; 4 ending in labials, 2 in coronals, 4 in velars) were embedded sentence-
medially and were followed by either a vowel-initial word (* #V’) or a consonant-initial
word (*_#C’). Some test items were highly infrequent, and Spanish glosses were provided
for each Catalan wordform to ensure that participants knew the meanings of all the
stimuli. Each speaker also produced a total of 560 filler items. Preceding vowel duration,
closure duration and closure voicing were tested as dependent variables in analyses of
variance (by-subject) that examined the effects of underlying voicing and phonetic
environment.

Results of the study showed that voicing-dependent differences were absent in

the pooled data for all 3 acoustic measurements but present at the individual level for two
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(out of 5) speakers. The first subject produced longer vowels before voiced stops in the
¢ #C’ environment (5 ms difference), and the other participant articulated longer closures
for voiced plosives (14 ms difference; the direction was not expected). None of the
speakers maintained significant differences in closure voicing. Although Catalan subjects
as a group showed no statistically significant effects and individual results of one
participant went against the general expectation of shorter closures for voiced plosives,
Dinnsen & Charles-Luce argued that their findings supported the view that voicing-
dependent cues were maintained in Catalan. However, Mascar6 (1987) pointed out
several confounding factors that made any interpretation of Dinnsen & Charles-Luce’s
findings problematic. For example, since not all stimuli words had paradigmatic forms in
which the critical consonant was prevocalic, the underlying voicing specification of some
obstruents was not apparent. Phonetic realization of the final obstruent was also likely to
have been affected by voicing assimilation across the word boundary in the ° #C’
condition. In addition, some ‘C#C’ sequences were likely to undergo gemination and
surface as [C:], which would make it difficult to determine the exact durations of
consonantal closures. Finally, although the actual Spanish glosses were not provided in
the description of the study, the Spanish words were most likely cognates of the Catalan
wordforms in which the voicing contrast would be represented graphemically (e.g., the
Spanish equivalent of the Catalan word cap ‘head’ (ending in /b/) is cabeza, which
contains a voiced grapheme). As such, Spanish orthography could have biased the way

the stimuli from Catalan were pronounced.
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In response to Mascard’s criticisms (prior to their publication), Charles-Luce &
Dinnsen (1987) reanalyzed the data from Dinnsen & Charles-Luce (1984). They used the
same statistical model as before and retained the data from all 5 original speakers but
included only those stimuli items that showed paradigmatic alternations and were not
expected to undergo gemination (n=4, 2 minimal pairs; 2 words ending in /p, b/, 2 ending
in /t, d/). Reanalysis of the data revealed that no voicing-dependent effects were present
for either preceding vowel duration or closure duration. Closure voicing showed a
significant influence of the underlying contrast (1 ms longer for voiced stops). Individual
results went in the expected direction but were not statistically significant. Charles-Luce
& Dinnsen claimed that these updated findings confirmed that Catalan speakers
maintained voicing-dependent cues in production. This conclusion, however, was once
again challenged in Mascar6 (1987) who expressed doubt that a difference of 1 ms could
have any real consequences for either production or perception of speech and also
mentioned an additional potential problem of not controlling the stimuli for differences in

stress patterns.

2.3.4.2. Charles-Luce (1993)

Charles-Luce (1993) investigated the effects of underlying voicing and semantic
predictability on the production of word-final coronal and velar stops (/t, d, k, g/) that
underwent voicing assimilation across word boundary. Bilingual Catalan/Spanish
speakers (n=5) performed a reading task with 5 repetitions. Test words (n=10, 5 minimal

pairs; 4 items with final coronals, 6 with final velars) and fillers (n=10) were embedded
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sentence-medially in semantically biasing and semantically neutral contexts. Two
phonetic environments were used for each context (followed by an [s]-initial word,
followed by an [r]-initial word). The environments were chosen such that they would
both trigger regressive voicing assimilation across the word edge. Preceding vowel
duration, closure duration and closure voicing were entered as dependent variables into
analyses of variance (by-subject, with repeated measures), with underlying voicing,
semantic context and phonetic environment used as independent factors.

Statistical analyses revealed that differences in preceding vowel duration were
significant in two (out of 5) stimuli pairs in the semantically biasing condition (20~22 ms
longer vowels before voiced stops; significant in one phonetic environment for each pair)
and also significant in 3 pairs in the semantically neutral condition (9~36 ms difference in
the expected direction; significant in both phonetic environments for all 3 pairs). No
effect of underlying voicing was present for closure duration or closure voicing. On the
basis of these data from 5 speakers and 5 item pairs, Charles-Luce concluded that the
voicing contrast was maintained more in the absence of semantic bias and that Catalan
speakers used preceding vowel duration to signal the voicing contrast. However, in later
work, Charles-Luce (1997) acknowledged that these conclusions were problematic
because, for example, the observed durational effects could have been affected by
prosodic lengthening. Burton & Robblee (1997) also pointed out that the two consonants
used in the following phonetic environments ([s, r]) differed in more parameters than just

underlying voicing, which could have also influenced the degree of neutralization.
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2.3.4.3. Kopkalli (1993)

Kopkalli (1993) studied how speakers of Turkish (n=5) produced the voicing
contrast in word-final labial, coronal and velar plosives (/p, b, t, d, k, g/) during a reading
task."”® Test items (n=60, one minimal pair; 18 words with final labials, 22 with final
coronals, 20 with final velars) and fillers (n=60) were monosyllabic and disyllabic nouns
and verbs (including several archaic words) that were pronounced in isolation as well as
phrase-medially followed by a vowel-initial word. A total of 4 repetitions were recorded
(two repetitions per environment), and all speakers were familiarized with the stimuli
prior to testing. Acoustic measurements of preceding vowel duration, closure duration,
release duration and closure voicing were analyzed using separate Mixed Models
ANOVAs for each participant (with ‘word’ as a random effects factor). To determine
whether the speakers knew the underlying forms of all final consonants, participants were
also subjected to a post-test during which they were asked to add a vowel-initial suffix at
the end of each test item and to pronounce the inflected form. Their productions were
examined impressionistically.

The study revealed that, as a group, Turkish speakers maintained only small (1~3
ms) and non-significant differences in vowel duration, closure duration, release duration,
and closure voicing. Individual data showed that one speaker produced longer releases
for voiced plosives in words pronounced in isolation (9 ms difference; the direction was
not expected). Another participant had longer vowels before voiced stops (6 ms

difference) and longer closures in voiceless plosives in words produced in isolation (7 ms

" Kopkalli (1993) also investigated perceptual aspects of the voicing contrast in Turkish. Details of the
perception study are provided in Section 2.4.4.1.
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difference). The remaining 3 participants did not show any voicing-dependent
differences. Crucially, the effects of underlying voicing diminished substantially when
speakers’ familiarity with the stimuli items (i.e., whether or not they knew the underlying
representation of the critical consonant) was added to the statistical model as an
additional predictor variable. Kopkalli concluded that Turkish speakers did not preserve
the voicing contrast in final obstruents. However, since very few speakers took part in the
study, it remained to be confirmed that these results were in fact representative of the

Turkish language in general.

2.3.5. Data from Polish and Russian

Experimental investigations of the voicing contrast in word-final obstruents have
also been published for Polish (Slowiaczek & Dinnsen, 1985; Jassem & Richter, 1989)
and Russian (Chen, 1970; Pye, 1986; Dmitrieva et al., 2010). The two Slavic languages
are both known in the traditional literature to prohibit voiced stops and fricatives in word-
final positions (Polish: Benni, 1964; Wierzchowska, 1980; Russian: Avanesov, 1956;
Wade, 2010). However, only the Polish study in Jassem & Richter (1989) claimed that
voicing-dependent cues were not maintained in production. The rest of the experimental
investigations all reported retention of cues to underlying voicing (Polish: Slowiaczek &
Dinnsen, 1985; Russian: Chen, 1970; Pye, 1986; Dmitrieva et al., 2010). Descriptions of

the Polish and Russian studies are presented below, starting with the research on Polish.
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2.3.5.1. Slowiaczek & Dinnsen (1985)

Slowiaczek & Dinnsen (1985) studied how speakers of Polish (n=5) realized the
voicing contrast in 14 different word-final plosives, fricatives, and affricates (/p, b, t, d, k,
g, f, v, [, 3, ¢, z, te, dz/). Participants performed a reading task with 4 repetitions. Test
items (n=30, 15 minimal pairs; 18 ending in plosives, 6 in fricatives, 6 in affricates) and
filler items (n=36) were a mix of monosyllabic nouns, verbs, prepositions and numerals,
including some inflected forms. The items were embedded phrase-medially in two
different carrier frames such that they were followed by either a consonant-initial word or
a vowel-initial word. Measurements of preceding vowel duration, closure/frication
duration and closure voicing were used as dependent variables in analyses of variance
(by-subject) that examined the effects of underlying voicing and phonetic environment.
Separate analyses were performed for each measurement and each place and manner of
articulation.

For preceding vowel duration, voicing-dependent differences were found for all
obstruents (10% longer vowels when followed by voiced sounds; seen in 4 (out of 5)
speakers). Differences in closure voicing were observed only for labial plosives (13 ms
longer in voiced stops; seen in 4 speakers). Closure duration differences were found only
in the individual data of one participant (13 ms longer in voiceless obstruents). For some
speakers, underlying voicing also interacted with phonetic context. On the basis of these
data from 5 speakers, Slowiaczek & Dinnsen concluded that word-final devoicing in
Polish was not neutralizing. However, Jassem & Richter (1989) argued that Slowiaczek

& Dinnsen had misjudged the domain of final devoicing (according to the former,

42



devoicing should have been viewed as utterance-final rather than word-final) and that
they also failed to take into account the potential interference from English (all 5 speakers

were residing in the USA at the time of testing).

2.3.5.2. Jassem & Richter (1989)

Jassem & Richter (1989) tested the same set of 14 word-final stops, fricatives, and
affricates as Slowiaczek & Dinnsen (1985) (i.e., /p, b, t, d, k, g, f, v, [ 3, €, 2, te, dz/).14
However, unlike the previous study, they recruited monolingual speakers from Poland
(n=4) and did not expose participants to orthographic representations of test items.
Instead, stimuli words (n=34, 17 minimal pairs; 2 ending in /p, b/, 8 in /t, d/, 4 in /k, g/, 4
in/f,v/,4in/s,z/,61in/ [, 3/,2 in /¢, z/, and 4 in /te, dz/) were elicited as unprepared
one-word utterances in response to a series of oral questions asked by an experimenter.
Questions were based on general knowledge (e.g., asking which bird has the most
beautifully colored tail; the expected answer would be ‘peacock’) as well as linguistic
knowledge (e.g., asking to provide the diminutive form of a noun). Preceding vowel
duration, closure/frication duration, and burst duration were entered as dependent
variables into analyses of variance that were performed on non-averaged data from 16
(out of 17) word pairs. Underlying voicing, consonantal manner, type of question and
speaker were used as independent factors.

Jassem & Richter reported that, overall, vowels were shorter before voiceless

obstruents (4 ms difference). The expected pattern was found in 3 (out of 4) speakers but

' Jassem & Richter (1989) also investigated perceptual aspects of the voicing contrast. For details on the
perception experiment, see Section 2.4.5.2.
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reversed in one participant, who produced longer vowels before voiceless segments (2 ms
difference). Preceding vowel duration was also affected by question type. Vowels were
shorter before voiceless obstruents in the linguistic knowledge condition (6 ms
difference) but longer before voiced obstruents in the general knowledge condition (2 ms
difference). Voiceless obstruents were longer than their voiced counterparts regardless of
the type of knowledge involved (4 ms difference). Although only 4 speakers were tested
and some voicing-dependent differences were in fact found, Jassem & Richter stated that
the observed effects were small and not consistent and concluded that there was no

reliable evidence of the maintenance of the underlying voicing contrast in Polish.

2.3.5.3. Chen (1970)

For Russian, preservation of cues to underlying voicing is reported in Chen
(1970) who conducted a cross-linguistic (English, French, Korean, Russian) acoustic
study of the effects of obstruent voicing on the parameter of preceding vowel duration.
Participants (one per language) performed a word-reading task. Monosyllabic and
disyllabic members of minimal and near-minimal pairs that contained word-final and
word-medial (intervocalic, pre-consonantal) stops and fricatives served as stimuli items.
Labial, coronal and velar stops (/p(j), bG), t, d, k, g/) were tested for Russian. Plosive-final
items (n=10, 3 minimal pairs; 4 ending in labials, 4 in coronals, 2 in velars) and tokens
containing stops in word-medial positions (n=12) were all repeated 6 times (3 times in
isolation, 3 times in a minimal/near-minimal pair). The measurement of preceding vowel

duration was calculated with data pooled across all places and manners of articulation,
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word lengths, and consonantal positions. Only overall means were reported, and
inferential statistics were not performed.

The study revealed that Russian vowels were longer before voiced obstruents (28
ms difference). A similar pattern was also observed in the remaining 3 languages (29~92
ms difference). Although these results were based on descriptive data from one speaker
per language and very few test words (that were all averaged together), Chen proposed
that preceding vowel duration was a major cue to obstruent voicing in Russian.
Furthermore, Chen suggested that the observed effect was not a compensatory adjustment
but rather the result of inherent differences in transitions from vowels to voiced versus
voiceless consonants and that presence of longer vowels before voiced obstruents should
be a language-universal phenomenon (with the exact amount of lengthening being
language-specific). Finally, even though phonetic voicing was not measured
experimentally, Chen also stated that glottal pulsing was not used in Russian to signal the

voicing specification of final stops.

2.3.5.4. Pye (1986)

Pye (1986) investigated the production of labial, coronal and dorsal plosives and
fricatives in Russian (/p, b, tG), dG), k, g, s, z, [, 3/). Participants of the experiment (n=5)
performed a reading task with two repetitions. Test items (n=36, 18 minimal pairs) and
fillers (n=34) were a mix of nouns, verbs, and prepositions. Words with final stops (n=26;
4 ending in labials, 14 in coronals, 8 in velars) and items with final fricatives (n=10; 8

ending in coronals, 2 in palatals) were embedded in carrier sentences utterance-finally.
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Measurements of preceding vowel duration, closure/frication duration and closure
voicing were reported only as overall means and not subjected to inferential statistics.

Pye observed voicing-dependent differences in preceding vowel duration (5~20
ms longer vowels before voiced obstruents), closure/frication duration (6~30 ms shorter
for voiced segments), and closure voicing (1~33 ms longer for voiced stops and
fricatives). Differences in vowel duration were less robust for coronal obstruents as well
as during the second repetition of test words. Differences in closure/frication duration
were also smaller for coronals but, in contrast to vowel duration, they increased during
the second reading of stimuli items. At the individual level, one speaker demonstrated a
pattern that was consistent with the view that the voicing contrast was maintained in
production. Three participants showed clear exaggeration of voicing cues, which Pye
attributed to their awareness of the goal of the study and described as a case of spelling
pronunciation. The remaining one participant showed no significant differences for any
of the acoustic parameters during the first repetition of stimuli items. Even though Pye
was aware of the limitations of the study (e.g., absence of inferential statistics, lack of a
consistent pattern across all participants, undue emphasis on orthographic forms,
speakers’ awareness of the goal of the experiment), the conclusion of the investigation

was that Russian speakers maintained the underlying voicing contrast in final obstruents.

2.3.5.5. Dmitrieva et al. (2010)
More recently, Dmitrieva et al. (2010) investigated the voicing contrast in 12

different word-final obstruents (/p, b, t, d, k, g, f, v, s, z, [, 3/) in the speech of
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monolingual speakers of Russian who resided in Russia (n=4) versus speakers of Russian
who resided in the USA and spoke English as their L2 (n=7)."° Participants performed a
word-reading task with 3 repetitions. Test words (n=68, 32 minimal pairs, 2 near-minimal
pairs; half ending in plosives) and filler items (n=58) were existing Russian words that
belonged to various grammatical categories (nouns, verbs, pronouns, adverbs; including
rare/archaic words, abbreviations, inflected forms). Test words were either monosyllabic
(n=64) or disyllabic (n=4). For words with final stops, the critical consonant was labial
(n=10), coronal (n=12), or velar (n=12). For words ending in fricatives, the final segment
was labial (n=4), coronal (n=22), or palatal (n=8). Mean lexical frequency of items
ending in voiced obstruents was matched to that of words ending in voiceless stops and
fricatives. Stimuli items were arranged in a specific order that was meant to create an
impression of a rhyming/semantic task. Members of the same minimal pair were always
separated from each other. Acoustic measurements of preceding vowel duration,
closure/frication duration (a single measurement averaged across plosives and fricatives),
release duration and closure voicing were based on the recordings from two repetitions.
The data were subjected to analyses of variance (by-subject; with repeated measures) as
well as a series of t-tests.

Dmitrieva et al. found an asymmetry in the production of voicing cues between
the speakers residing in Russia versus the participants living in the USA. For speakers
from Russia, significant differences were found only for the parameters of closure

duration and release duration (in both cases, 16 ms longer for voiceless obstruents). For

"> Dmitrieva et al. (2010) also tested how the same contrast was produced by native speakers of English
who were learning Russian. Results of this group are omitted from the present discussion.

47



Russian speakers from the USA, significant differences were observed in all 4 acoustic
parameters, including longer vowels before voiced stops and fricatives (8 ms difference),
longer closures for voiceless obstruents (15 ms difference), longer releases for voiceless
consonants (17 ms difference), and longer closure voicing for phonologically voiced
sounds (6 ms difference). Dmitrieva and colleagues concluded that both groups
maintained the underlying voicing contrast in production and that exposure to English
resulted in increased robustness of acoustic cues. However, Dmitrieva et al. noted that the
group-dependent variability in the use of acoustic cues could be attributable to
differences in experimental setup rather than differences in linguistic background (i.e.,
the group from the USA was recorded in a research lab, whereas the group from Russia
was tested in a non-laboratory environment). Furthermore, the conclusions in Dmitrieva
et al. were largely based on a series of t-tests that compared very small sets of data (e.g.,
two sets of 4 means, with only 3 degrees of freedom remaining in the model). The
authors also did not discuss the possible effects of language attrition that are well known
to affect the production of speech in populations with limited exposure to L1 (Polinsky &

Kagan, 2007).

2.3.6. Production Data - Summary

As shown in the preceding sections, previous production studies of the voicing
contrast in word-final obstruents in neutralizing languages have often reported
inconsistent or contradictory results, with some investigations advocating for retention of

voicing-dependent differences but others arguing for complete loss of acoustic cues to
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underlying voicing in phonetic outputs. However, many of the previous studies tested
very small samples of speakers and test items, did not control for exogenous variability
and used very different experimental methodologies, which makes any interpretation of
such findings or their direct comparison problematic.

A general summary of the group-level results of the previous investigations and
some of the relevant methodological differences are provided in Table 1. In the table, the
‘Task’ column specifies the nature of the experimental task (reading versus oral) and the
number of repetitions of each stimulus item. The ‘MPs’ column shows whether full
minimal pairs were included (‘Y’) or excluded (‘N’) from the list of test items (when
such pairs constituted only a small subset of test items, the exact number of minimally
contrasting pairs is provided in parenthesis). The ‘Subj’ column lists the number of
participants. The ‘Stim’ column shows the number of stimuli items ending in an
obstruent. The ‘Final Cs’ column specifies the final consonants of test tokens. The
‘Results’ column presents the group-level findings for the acoustic parameters of
preceding vowel duration (‘Vdur’), closure/frication duration (‘CLdur’), release duration
(‘Rdur’), and closure voicing (‘Voi’). Differences between underlyingly voiced and
voiceless obstruents are marked with ‘Y’ (if observed) or ‘N’ (if not observed). An

asterisk (“*’) is placed next to the results based on descriptive statistics only.
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Table 1: Previous production findings — Summary

Language Study Task |MPs| Subj | Stim | Final Cs Results
(repetitions) Vdur |CLdur| Rdur | Voi
Port & O’Dell reading | vy | 10 | 20 p,b.t,d,k,g Y Y Y Y
German | (1985) (x2)
Charles-Luce reading Y 5 8 t,d,s,z Y N n/a Y
(1985) (x5)
Port & Crawford reading Y 5 6 t,d N N Y N
(1989) (x1-4)
Piroth et al. reading Y 2 18 | p,b,t,dkg Y Y Y n/a
(1991) x3) )]
Piroth & Janker reading Y 6 26 | p,b,t,dk,g, N Y N
(2004) x3) (1) f,v,s,z (C-dur)
Smith et al. reading Y 13 12 t,d.k,g Y N Y Y
(2009) (x 10)
Réttger et al. oral Y | 16 | 48 | p,b,tdkg Y N N n/a
(2011) (x 1)
Fourakis & oral N 11 | tdk,g,s,z N N N n/a
Iverson (1984) (x2) 4
reading Y 10 | p,b,t,d,k,g Y N n/a | n/a
(x4)
Inozuka reading | N 6 18 k,g N N N N
(1991) (x2)
Dutch Warner et al. reading Y 15 40 t,d Y N Y N
(2004) (x2)
Afrikaans Van Rooy et al. reading Y 8 20 t,d Y Y Y Y
(2003) (x2)
Catalan | Dinnsen & Charles- . 10 | p,b,t,dk,g N N n/a N
Luce (1984), reading v 5
Charles-Luce & x5) 4 p.b.k.g N N n/a Y
Dinnsen (1987)
Charles-Luce reading Y 5 10 t,d,k,g Y N n/a N
(1993) x5)
Turkish Kopkalll reading Y 5 60 p’batad’kvg N N N N
(1993) x4 | ®
Polish Slowiaczek & reading Y 5 30 p,b,t,d,k,g, Y N n/a Y
Dinnsen (1985) (x4) £v.).3.6,2,
te,dz
Jassem & Richter oral Y 4 34 p,b,t,d,k,g, Y Y n/a
(1989) x1 fv.[.3.6,2, (C-dur)
te,dz
Russian Chen reading Y 1 10 pU),bU),t,d, Y* n/a n/a | n/a
(1970) (x6) k.9
Pye reading Y 5 36 p,b,t(’),d(’), Y* Y* n/a Y*
(1986) (x2) K,g,8,2,[,3
Dmitrieva et al. reading Y 11 68 | p,btdkg, | NY | YY | YY |NY
(2010) (x3) f,v,8,2,[3 (monoling./biling.)
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2.4. Experimental Perception Findings

Maintenance of the underlying voicing contrast in final obstruents has also been
attested in perception, with several experimental studies claiming that voicing-dependent
properties of test items can affect listeners’ responses in perceptual tasks (Port & O’Dell,
1985; Port & Crawford, 1989; Slowiaczek & Szymanska, 1989; Ernestus & Baayen,
2007a; Matsui, 2011; Rottger et al., 2011). However, the magnitude of the observed
effects has generally been modest, and some researchers have questioned the perceptual
relevance of voicing cues even if above-chance-level performance was attested (Port &
Crawford, 1989; Slowiaczek & Szymanska, 1989; Rottger et al., 2011). Furthermore,
similarly to production results, perception findings have also been inconsistent, with a
number of studies reporting chance-level performance or finding a strong bias for either
voiceless or voiced responses (Jassem & Richter, 1989; Kahlene-Halstenbach, 1989;
Kopkalli, 1993; van Rooy et al., 2003). Behavioral measurements and general procedures
of perception studies are described in Section 2.4.1. that follows. Methodologies and
findings of selected published experiments are summarized in Section 2.4.2. through
Section 2.4.5., with studies grouped by language of investigation and authors’
conclusions on whether or not the underlying contrast is preserved in perception. A

general summary of the previous findings is given in Section 2.4.6.

2.4.1. Procedures and Behavioral Measurements
The majority of previous perception studies on the voicing contrast in word-final

obstruents used a forced choice two-alternative identification task (e.g., Port & O’Dell,
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1985; Port & Crawford, 1989; Warner et al., 2004; Rottger et al., 2011). In such a task,
stimuli items are presented auditorily one word/sentence at a time, and listeners are asked
to identify each stimulus by circling one of two choices on an answer sheet or pressing
one of two designated keys on a computer keyboard or a button box. The two choices are
usually shown side-by-side and include the actual stimulus item and its minimal pair
counterpart. In addition to (or instead of) forced-choice identification tasks, some
previous studies utilized open-choice identification (i.e., participants write down/type the
stimulus item; van Rooy et al., 2003), a rating task (i.e., participants rate on a Likert scale
how voiced/voiceless a given token sounds; Ernestus & Baayen, 2007a), or a
discrimination task (i.e., participants listen to 2 or 3 stimuli items presented consequently
with a short pause between them and indicate whether the two items represent the same
category or, in the case of 3 items, whether the token in the middle is identical to the first
item or the last item; Kopkalli, 1993; Matsui, 2011). For all types of experimental
procedures, perception data are usually analyzed using parametric statistical tests (t-tests,
analyses of variance, regression analyses; e.g., Port & O’Dell, 1985; Kopkalli, 1993; van
Rooy et al., 2003; Warner et al., 2004; Matsui, 2011; Rottger et al., 2011). However,
some previous studies relied on non-parametric analyses (Jassem & Richter, 1989) or did
not perform any inferential statistics (Kahlene-Halstenbach, 1989).

With respect to behavioral measurements, all neutralization studies discussed in
the present section registered and analyzed only response types (i.e., whether the final
obstruent was heard as ‘voiced’ or ‘voiceless’ or, alternatively, how much voicing was

heard). In some studies, participants’ responses were converted into error rates, with data
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pooled across both underlyingly voiced and voiceless tokens (e.g., Port & Crawford,
1989). Other investigations separated responses between the two voicing categories and
took into consideration both the hit rate and the false positive rate by converting
responses into d' (d-prime) scores (e.g., Slowiaczek & Szymanska, 1989) or by
performing statistics on the proportions of voiced (or voiceless) responses (e.g., Warner

et al., 2004).

2.4.2. Data from German

Perceptual aspects of the voicing-dependent differences in word-final obstruents
in German have so far been investigated in very few published works (Port & O’Dell,
1985; Port & Crawford, 1989; Kahlene-Halstenbach, 1989; Rottger et al., 2011). The
studies by Port & O’Dell (1985), Port & Crawford (1989) and Roéttger et al. (2011) all
argued for listeners’ ability to perceive acoustic cues to intended voicing at above-chance
level. Kahlene-Halstenbach (1989) concluded that voicing-dependent differences were
fully neutralized in perception. Methodologies and main findings of the German studies
are summarized below, starting with the investigations supporting partial neutralization

of voicing cues in perception.

2.4.2.1. Port & O’Dell (1985)

Port & O’Dell (1985) explored how speakers of German perceived voicing cues
in word-final labial, coronal and velar stops (/p, b, t, d, k, g/). Participants (n=10, 4 also
took part in the production experiment) performed an identification task (forced-choice

two-alternative). Test tokens were based on the set of 20 test words (10 minimal pairs)
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that were recorded during the production component of the study.'® Participants’
responses were converted into error rates and subjected to (i) a correlatory analysis that
examined the relation between intended voicing and identification accuracy and (ii) a
multiple regression analysis that tested the extent to which participants’ responses could
be modeled on the basis of the acoustic parameters measured in the production
experiment (i.e., preceding vowel duration, closure duration, release duration, and closure
voicing).

Results of the study demonstrated that speakers could correctly identify intended
voicing in 59% of the stimuli, with error rates varying by up to 8% depending of
consonantal place of articulation (60% correct for labials, 55% correct for coronals, and
63% correct for velars). Given that chance level was estimated at 50%, these findings
were interpreted as above-chance performance. However, correlatory analysis revealed
that underlying voicing could explain only 12% of variation in listeners’ judgments, with
results of the multiple regression analysis showing that preceding vowel duration, closure
duration, release duration and closure voicing were all significant predictors of listeners’
responses. Port & O’Dell concluded that the voicing contrast was preserved in German

not only in production but also in perception.

2.4.2.2. Port & Crawford (1989)
Port & Crawford (1989) examined perceptual aspects of the voicing contrast in

word-final coronal stops (/t, d/). Speakers of German (n=5, none took part in the

'® Only a subset of the original production data was used in the perception experiment (50% of all tokens;
usually taken from the first two repetitions). Details of the production experiment are presented in Section
2.3.2.1.
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production study) performed an identification task (forced-choice two-alternative). Test
tokens were based on 6 German words (3 minimal pairs, including both alternating and
non-alternating words). Stimuli items were a subset of the acoustic data recorded during
the production module of the study.'” The tokens selected for the perception experiment
were produced by two speakers during dictation and word-reading. Listeners’ responses
were converted into error rates and analyzed using discriminant analyses that tested
whether the rate of correct identification could be predicted from the measurements of
preceding vowel duration, closure duration, burst duration, and closure voicing.

Port & Crawford reported an overall accuracy rate of 69%, with slightly better
performance observed for words produced during dictation. Discriminant analyses could
correctly model listeners’ responses in 71% of the cases on the basis of all 4 acoustic
parameters (i.e., preceding vowel duration, closure duration, burst duration, and closure
voicing). Port & Crawford interpreted these results as better-than-chance performance on
underlying voicing and proposed that German speakers relied on a variety of cues when
asked to disambiguate between underlyingly voiced versus voiceless final obstruents.
However, although voicing-dependent differences were in fact significant in the
experimental data, Port & Crawford stated that such cues were unlikely to play a role in

the perception of non-laboratory speech.

2.4.2.3. Rottger et al. (2011)
Rottger et al. (2011) tested the perception of voicing cues in word-final labial,

coronal and velar stops (/p, b, t, d, k, g/). German speakers (n=8, none participated in the

' For details on the production experiment, see Section 2.3.2.3.
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production experiment) took part in an identification task (forced-choice two-alternative).
Test tokens (n=192) were a subset of the 24 minimal pair pseudo-words produced by 16
different subjects during the production component of the same study.'® Before the
experiment, listeners were told that half of the stimuli ended in voiced plosives and the
other half contained voiceless sounds. Participants’ responses were analyzed as a
dependent variable in a mixed logit model, with intended voicing included as an
independent factor.

Rottger and colleagues found that although participants showed a general bias for
voicelessness, their identification responses corresponded to underlying voicing in 54%
of the cases, with individual accuracy rates ranging from 50% to 59%. These results were
argued to be significantly above chance-level and were viewed as evidence of the
maintenance of the voicing contrast in perception even when using non-words and when
listening to many different voices during the experiment. At the same time, the relatively
low accuracy rates were taken to be an indication of “the minor functional relevance of

IN [incomplete neutralization] (p. 1725)”.

2.4.2.4. Kahlene-Halstenbach (1989)

Kahlene-Halstenbach (1989) investigated how speakers of German (n=10)
perceived word-final labial, coronal and velar plosives (/p, b, t, d, k, g/). Participants
performed an identification task (forced-choice two-alternative). Test words (n=40, 20

minimal pairs; 2 ending in labials, 36 in coronals, 2 in velars) and fillers (n=40) were

'® Details of the production experiment are given in Section 2.3.2.7.
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nouns, verbs, adjectives, and adverbs (including some inflected forms). The stimuli were
originally recorded in a word-list reading task and came from both male and female
speakers (n=6). During the identification experiment, each participant heard only half of
the tokens, with either the voiced or the voiceless member taken from each minimal pair.
Listeners were told that the goal of the experiment was to investigate gender-related
differences in speech. Participants’ responses were converted into error rates. Only
descriptive statistics were reported. No acoustic or statistical analyses were done on the
production data that served as stimuli items.

The study revealed that 58% of the stimuli were attributed to the correct voicing
category. Although inferential statistics were not performed, Kahlene-Halstenbach argued
that the 8% difference was non-substantial and stated that German listeners did not
perceive the intended voicing of final plosives even though voicing-dependent acoustic
cues were most likely present in the stimuli. The study concluded that final devoicing
was fully neutralizing in perception and that laryngeal neutralization had psychological

reality in the minds of German speakers.

2.4.3. Data from Dutch and Afrikaans

Perception of the voicing contrast in word-final obstruents has also been
examined in Dutch (Warner et al., 2004; Ernestus & Baayen, 2007a) and Afrikaans (van
Rooy et al., 2003). The two Dutch studies found that voicing-dependent differences were
perceptible. However, whereas Ernestus & Baayen (2007a) interpreted their findings as

robust evidence of incomplete neutralization of voicing cues, Warner et al. (2004) argued
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that the magnitude of the observed effects was small and that any cues to underlying
voicing that were present in production played either little or no role in perception. The
Afrikaans study in van Rooy et al. (2003) found a bias for voicelessness and argued for
perceptual neutralization of the underlying contrast. Methodologies and main findings of

these studies are described below, starting with the work on Dutch.

2.4.3.1. Warner et al. (2004)

Warner et al. (2004) studied how speakers of Dutch (n=62) perceived the voicing
contrast in word-final coronal stops (/t, d/). Participants performed a series of
identification tasks (forced-choice two-alternative) and were assigned to one of 3
experimental conditions: (i) listening to non-modified stimuli (30 subjects, 14 also took
part in the production task), (ii) listening to stimuli items with adjusted vowel duration
(16 subjects), and (iii) listening to tokens with adjusted closure duration (16 subjects).
Perceptual tokens were created on the basis of 40 words (20 minimal pairs) produced by
4 speakers during the production component of the same investigation.'” The speakers
were selected such that the strength of voicing-dependent cues would vary across their
productions. Namely, one speaker maintained robust differences in both preceding vowel
duration and release duration. Another speaker showed robust differences in vowel
duration but not release duration. The third speaker produced no differences in vowel
duration and a small difference in the unexpected direction in release duration. The fourth
speaker demonstrated differences in the unexpected direction in both vowel duration and

release duration. Modifications in vowel duration were achieved by adding or removing

" Details of the production study are provided in Section 2.3.3.1.
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one to 5 periods in the middle of the vowel. Closure duration was manipulated by
lengthening or shortening the closure by 10 ms to 50 ms. Participants’ responses
(proportion of voiceless responses; also, d’ scores for a subset of the data) were analyzed
using analyses of variance (by-subject, by-item; with repeated measures) that examined
the effects of underlying voicing, speaker, phonemic vowel length and, for a subset of
test items, listeners’ participation in the production experiment.

For the non-modified stimuli items, perception results demonstrated that listeners’
responses varied depending on which speaker the data came from. For the two speakers
who maintained robust vowel duration differences (but differed with respect to the
release duration cue), around 62% of the items ending in voiceless stops and 50% of the
items ending in voiced plosives were classified as voiceless. For the speaker who did not
maintain differences in vowel duration and produced small differences in the unexpected
direction in burst duration, 54~55% of all items were identified as voiceless regardless of
the underlying voicing specification. For the speaker who showed reversal of differences
in both vowel duration and release duration, approximately 60% of the items ending in /t/
and 61% of the words with final /d/ were attributed to the voiceless category. These
findings suggested that Dutch listeners were relying on the acoustic cue of preceding
vowel duration. As expected, when vowel duration was manipulated experimentally,
fewer voiceless responses were observed for tokens with longer vowels, confirming that
longer nuclei were associated in perception with an underlying /d/. Manipulation of
closure duration affected participants’ responses only for those stimuli that contained

phonemically long vowels, with longer closures attributed to voicelessness. Warner et al.
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concluded that listeners performed slightly above chance level. At the same time, since
the difference in vowel duration that was observed in the production experiment was
small (i.e., 3.5 ms), they argued that vowel length may be a reliable cue in
experimentally-elicited data but not necessarily so in more natural speech. The effect of
closure duration (that did not show significant differences in production but was
identified as an important cue in perception for a subset of test items) was interpreted as
listeners’ ability to rely on cues that were not produced consistently but could be
associated with the same underlying contrast in other environments (e.g., in intervocalic

positions).

2.4.3.2. Ernestus & Baayen (2007a)

Ernestus & Baayen (2007a) examined how speakers of Dutch (n=40) perceived
voicing cues in word-final labial and coronal stops and fricatives (/p, b, t, d, f, v, s, z/).
Participants performed a rating task in which they heard one token at a time and were
asked to rate on a 5-point Likert scale how much voicing was present in the final
obstruent. Half of the participants heard the entire wordform. The remaining listeners
heard only the final rhyme that started with the steady-state of the preceding vowel.
Stimuli items (n=94, no minimal pairs) were both existing and non-existing monosyllabic
wordforms that were produced by a speaker of Dutch who was specifically instructed to
maintain the voicing contrast. Test items ending in plosives (n=59) included 30 words
with underlyingly voiced final stops and 29 words with underlyingly voiceless plosives

(10 labial, 49 coronal). For fricative-final items (n=35), 17 ended in voiced segments and
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18 in voiceless sounds (14 labial, 21 coronal). Listeners’ response scores were averaged
and subjected to (stepwise) ANOVAs that tested for the effects of underlying voicing,
surface voicing, consonantal manner, and stimulus type (full words vs. final rhymes).

The study revealed that surface voicing (i.e., the presence of phonetic voicing in
the tokens) was a better predictor of participants’ responses than underlying voicing,
which was largely due to the fact that effects of underlying voicing were robust in
plosives but not fricatives. Furthermore, although both full and truncated tokens showed
similar voicing-dependent differences, full word tokens showed a stronger effect of
underlying voicing. Ernestus & Baayen attributed the observed asymmetry between
plosives and fricatives to Dutch using voiced graphemes for final plosives but not final
fricatives (e.g., morphologically related plosive-final words mand ‘basket’ and manden
‘baskets’ are both spelled with d; fricative-final baas ‘boss’ and bazen ‘bosses’ and
spelled with s and z, respectively). The finding of an asymmetry between full words and
their rhymes was explained as interference from lexical knowledge. Ernestus & Baayen
concluded that Dutch listeners identified voicing at above-chance level and that they

relied on not only acoustic cues but also lexical factors.

2.4.3.3. Van Rooy et al. (2003)

The Afrikaans study in van Rooy et al. (2003) examined the perceptual salience of
acoustic cues to underlying voicing in word-final coronal stops (/t, d/). Two different
identification tasks (open-choice, two-alternative forced-choice) were administered to a

total of 39 speakers (19 performed the open-choice task, 20 participated in the forced-
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choice task). Stimuli items (n=10, 5 minimal pairs) were created using the production
data from Wissing & van Rooy (1992).%° Test items were monosyllabic words produced
by 4 speakers of Afrikaans who performed a reading task with 2 repetitions. Listeners’
identification responses were converted into error rates as well as d’ scores and subjected
to analyses of variance (using non-averaged data). Underlying voicing and the phonetic
parameters of preceding vowel duration, closure duration, burst-only duration, release
duration and closure voicing were used as fixed effects predictors. Stimulus pair was used
as the random effects factor.

Results of the open-choice task revealed better identification accuracy for /t/ (70%
correct) than /d/ (41% correct), with preceding vowel duration being the only significant
predictor of participants’ responses. The pattern was observed in 3 (out of 5) word pairs,
and some listeners scored 100% correct for voiceless stops and 0% correct for voiced
plosives. The effect was reversed and not significant in the remaining two pairs, which
was attributed to the influences of usage frequency (both pairs included low frequency
words with final /t/ and high frequency items with final /d/). In the forced-choice task,
better-than-chance performance was observed for /t/ but not /d/ (d" scores of 1.22 and
0.38, respectively), and both preceding vowel duration and release duration were shown
to be significant predictors. Thus, the exact selection of cues on which listeners relied
when identifying intended voicing varied depending on the nature of the task (i.e., open-
choice versus forced-choice) and listeners’ identification performance showed an overall

bias for voicelessness as well as potential effects of usage frequency. Based on these

%% For details on the recording procedure, see Wissing & van Rooy (1992) (published in Afrikaans) or an
English summary in van Rooy et al. (2003).
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findings, van Rooy et al. argued that the voicing contrast was neutralized in perception in

Afrikaans.

2.4.4. Data from Turkish

For Turkish, perceptual aspects of the voicing contrast in word-final were
investigated in Kopkalli (1993). As noted earlier, the Turkish language provides only
limited graphemic cues to the underlying voicing specification of word-final obstruents,
and Kopkalli reported that Turkish speakers could not correctly identify the intended
voicing of final segments. A more detailed description of Kopkalli’s study is provided

below.

2.4.4.1. Kopkalli (1993)

Kopkalli (1993) tested how speakers of Turkish (n=7, 4 also took part in the
production study) perceived voicing cues in word-final labial, coronal, and velar plosives
(/p, b, t, d, k, g/). Participants performed both an identification task (forced-choice two-
alternative) and a discrimination task (AX). Test tokens were created on the basis of 30
disyllabic words that were recorded during the production experiment.”' All tokens came
from one speaker who produced the most robust voicing-dependent differences. In the
identification task, perceptual tokens were either final rhymes or final rthymes followed
by a vowel-initial word. In the discrimination task, test tokens were final rhymes only.
Participants’ responses were converted into error rates. Only descriptive statistics were

provided.

*! For details on the production component of the study in Kopkalli (1993), see Section 2.3.4.3.
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Results of the identification task indicated that listeners could identify intended
voicing in 49% of the tokens when exposed to final thymes and 48% of the items when
listening to final rhymes followed by a vowel-initial word. The rate of correct
identification was around 57~58% for words with voiced final plosives and 40~42% for
items with voiceless final stops. Thus, identification performance did not improve when
final plosives were released into a vowel, and participants showed an overall bias for
voiced responses. Results of the discrimination task revealed an overall accuracy rate of
51%, which varied between 46% to 55% across subjects and 32% to 66% across items.
Although these results were not subjected to inferential statistics, Kopkalli attributed the
observed differences in error rates to the higher lexical frequency of stimuli items with
voiced final plosives and concluded that Turkish listeners could neither identify nor

discriminate the acoustic cues to underling voicing in word-final stops.

2.4.5. Data from Polish and Russian

Neutralization of the voicing contrast in perception has also been investigated for
Polish (Slowiaczek & Szymanska, 1989; Jassem & Richter, 1989) and Russian (Matsui,
2011). The Polish study in Slowiaczek & Szymanska (1989) and the Russian study in
Matsui (2001) both argued for above-chance-level performance on intended voicing. The
Polish investigation in Jassem & Richter (1989) observed a strong bias for voicelessness.
Notably, although the two Polish investigations reported contrasting results, the studies

agreed in their general conclusion that voicing-dependent cues were unlikely to play a
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significant role in the perception of everyday speech. Descriptions of the Polish and

Russian studies are provided below, starting with the work on Polish.

2.4.5.1. Slowiaczek & Szymanska (1989)

Slowiaczek & Szymanska (1989) explored the perception of voicing cues in 12
different plosives, fricatives, and affricates (/p, b, t, d, k, g, f, v, [, 3, te, dz/). Speakers of
Polish (n=21) and a control group of English speakers (n=18) performed an identification
task (forced-choice two-alternative). Stimuli items (n=26, 13 minimal pairs) were created
on the basis of the production data from Slowiaczek & Dinnsen (1985).%* Speech tokens
from both original phonetic contexts were used, with stronger cues to underlying voicing
present in the perception stimuli than in the full set of the production data (e.g., the
average difference in preceding vowel duration was 10% in the production study; the
same difference was equal to 55% for the tokens tested in the perception experiment).
Participants’ responses were converted into error rates and analyzed using signal
detection analysis and analyses of variance (by-subject), with underlying voicing and
phonetic context used as independent variables.

Results of the experiment indicated that Polish listeners could correctly identify
underlying voicing in 61% of the tokens. In comparison, English listeners were correct
59% of the time. Both groups also showed a similar bias for voicelessness, and the small
difference in accuracy rates between the Polish and the English speakers was not
statistically significant. Hence, although above-chance level performance was attested,

neither direct experience with the devoicing process in one’s native language nor lexical

% A general summary of the production study in Slowiaczek & Dinnsen (1985) is given in Section 2.3.5.1.
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knowledge of stimuli words appeared to have affected identification accuracy. The
observed effects of underlying voicing were also not as robust as expected given the
strong cues to intended voicing that were present in the stimuli. Slowiaczek &
Szymanska concluded that any acoustic differences that may have been observed in
production were not reliable cues to underlying voicing in perception and suggested that
voicing-dependent effects were unlikely to be found in identification of non-laboratory

speech.

2.4.5.2. Jassem & Richter (1989)

Jassem & Richter (1989) investigated the perception of voicing cues in 14
different word-final obstruents (/p, b, t, d, k, g, f, v, [, 3, ¢, 2z, te, dz/). Participants (n=10;
3 also took part in the production experiment) performed an identification task (forced-
choice two-alternative). Stimuli items (n=34, 17 minimal pairs) were based on the set of
Polish words that were elicited during the production experiment as unprepared one-word
utterances in response to a series of oral questions.” Listeners’ responses were
transformed into error rates and used as a dependent variable in a non-parametric Chi-
square statistic that compared the data across the two voicing categories.

For words with underlyingly voiceless final obstruents, Jassem & Richter reported
that intended voicing was identified correctly in 67% of the cases. For words ending in
phonologically voiced segments, the rate of correct identification was only 37% (i.e.,
63% of all voiced plosives were attributed to the voiceless category). This finding

revealed a strong overall bias for voiceless responses that was independent of the

 For details on the production experiment, see Section 2.3.5.2.
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underlying voicing specification of the final obstruents. Given that only small and
marginally-significant differences were observed in the production study, Jassem &
Richter concluded that the voicing contrast was not preserved in either production or
perception and expressed their support for the traditional view that final devoicing was

fully neutralizing in Polish.

2.4.5.3. Matsui (2011)

For Russian, Matsui (2011) conducted a small-scale perception study of the
voicing contrast in word-final velar stops (/k, g/). Participants (n=6) performed both an
identification task (forced-choice two-alternative) and a discrimination task (AXB).
Stimuli items (n=4, 2 minimal pairs) contained durational differences in preceding vowel
duration (6~28 ms longer when followed by a voiced stop), closure duration (11~20 ms
longer for voiceless plosives), release duration (15~22 ms longer for voiceless sounds),
and closure voicing (4~6 ms more phonetic voicing for voiced stops). All test tokens
were monosyllabic and were produced by the same speaker during an oral task.
Participants’ responses were converted into percentages and subjected to analyses of
variance (by-subject; with repeated measures), with underlying voicing and word pair
used as predictor variables. To compare listeners’ performance across identification and
discrimination tasks, d' scores were also calculated and analyzed in an RM ANOVA that
tested for the effects of experimental task and word pair.

In the case of the identification task, the effect of underlying voicing was only

marginally significant, with individual rates of correct responses ranging from around
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30% to almost 100%.** For the discrimination task, the effect of underlying voicing was
significant and individual accuracy scores ranged from around 40% to 100%. Analysis of
the d’' scores further confirmed that identification and discrimination results were
significantly different from each other. Although these findings were based on very
limited data from 6 participants and 4 test items and only the discrimination task showed
a statistically significant effect of voicing, Matsui concluded that voicing cues were
perceptible and that final devoicing was incomplete in Russian in the domain of

perception.

2.4.6. Perception Data: Summary

As in the case of production, perception findings on the voicing contrast in word-
final obstruents have been inconsistent, with some studies reporting above-chance level
performance on intended voicing but other investigations arguing for complete
neutralization of voicing-dependent cues in perception. Furthermore, also similarly to the
work on production, many perception studies relied on small samples of data and tested
the stimuli that were elicited using very different experimental methodologies. A general
summary of the group-level results and relevant methodological differences are shown in
Table 2. In the table, the ‘Task’ column specifies the experimental task (identification,
discrimination, rating). The ‘Subj’ column lists the number of participants. The ‘Stimuli’
column shows the relevant properties of the stimuli, including the elicitation procedure

(reading, oral), inclusion (“Y”) or exclusion (‘N’) of full minimal pairs in the stimuli lists,

* Matsui (2011) does not report overall means. Individual results are estimated from graphs.
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final consonants, and presence of voicing-dependent differences in production. Results
are summarized in the final column, with ‘Y’ indicating that the voicing contrast was
judged to be perceived at above-chance level and ‘N’ marking either chance-level
performance or a voiced/voiceless bias (for the rating task, ‘Y’ shows that ratings were
affected by underlying voicing). When applicable, percentages of correct responses
and/or presence of a voiced/voiceless bias are shown inside brackets. An asterisk (‘*’)
marks the results based on descriptive statistics only. A question mark (‘?’) indicates

marginally significant findings, ambiguous results or incomplete descriptions of the data.
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Table 2: Previous perception findings — Summary

Language Study Task Subj Stimuli Contrast
Items| Elicit. | MPs| Final | Voi. | perceived?
proced. Cs cues |(Yo-correct;
voi/vls bias)
G Port & O’Dell |identification 10 20 |reading| Y |p,b,td, Y Y
erman
(1985) k,g (59%)
Port &Crawford |identification | 5 6 |reading | y | td Y Y
(1989) (69%)
Kahlene- identification 10 40 |reading | Y |p,btd,| Y? N?*
Halstenbach k,g (58%)
(1989)
Rottger et al. identification | g 24 oral Y |pbtd| Y Y
(2011) k,g (54%;
vls bias)
Dutch Warner et al. identification | 62 | 40 |reading| Y t,d Y Y
(2004) (variable %;
vls bias for
many tokens)
Ernestus & rating 40 94 |reading| N [p,b,t,d, Y Y
Baayen (2007a) fv,s,z
. Van Rooy et al. |identification: N
Afrikaans (2003) -open-choice 19 (41%-70%;
10 |reading | Y t,d Y? vls bias)
-forced-choice | 20 B
(chance for
Vo1i)
. Kopkalli (1993) |identification N*
Turkish (40%-58%:
7 30 |reading | Y |[p,b,t,d, Y voi bias)
discrimination ) kg N*
(51%)
Polish Slowiaczek & identification 21 26 |reading| Y [p,b,t,d, Y Y
Szymanska k,g,f,v, (61%)
(1989) I3.te,dz
Jassem & identification 10 34 oral Y |p.b,td, Y N
Richter (1989) k,g.fv, (37%-67%;
[,3.6,2, vls bias)
te,dz
Russian Matsui (2011) |identification Y? .
6 4 oral Y k,g Y (=L
discrimination Y
(40-100%)
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2.5. Interpretation of Experimental Findings

Presence of partial neutralization in experimentally-elicited data as well as the
observed discrepancy in experimental findings both across and within languages have
been attributed in the literature to two opposing causes: (i) the influence of grammatical
factors (underlying voicing specification, paradigm uniformity, homophony avoidance,
etc.) versus (ii) the biasing effects of experimental methodology (the orthographic nature
of the reading task, presence of full minimal pairs among the stimuli, reliance on small
sample sizes, inadequate statistical treatment, etc.). These alternative explanations and the
specific task-independent and task-dependent factors that are most relevant to the present
discussion are presented in the sections that follow, starting with the view that the voicing

contrast is maintained because of the influences coming from the grammar.

2.5.1. Grammatical Pressures
2.5.1.1. Underlying Voicing and Paradigmatic Influences

The majority of previous neutralization studies that observed production and
perception differences between the surface realizations of underlyingly voiced versus
voiceless final obstruents attributed the apparent presence of voicing-dependent effects to
pressures from the underlying voicing specification of the final obstruent and the effects
from within the word’s paradigm (e.g., Port & Crawford, 1989; Port, 1996; Ernestus &
Baayen, 2007a, 2007b). In other words, any final obstruent that is fully voiced in
morphologically related forms is expected to retain some of the cues to its [+voiced]

specification, which presumably ensures that all segments surface in accordance with
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their underlying form or, if one’s view of phonology does not rely on abstract
representations (e.g., Ernestus & Baayen, 2007a, 2007b), in accordance with the
specification that is attested throughout the word’s inflectional and derivational
paradigms. For example, in the case of Russian, production of a partially devoiced [d] at
the end of /kod/ ‘code’ (instead of a discretely voiceless [t]) would allow preservation of
the underlying voicing setting of the /d/ and would lead to a greater uniformity

throughout the different forms of the same lexeme.

2.5.1.2. Homophony Avoidance

Speakers’ attempt to preserve the voicing contrast in production has also been
attributed to grammatical influences from outside of the word’s paradigm, such as the
pressure to avoid producing potentially homophonous wordforms (Port & Crawford,
1989; also, Snoeren et al., 2006). This means that acoustic cues to underlying voicing
may be specifically maintained for those words that have minimally-contrasting lexical
competitors in order to disambiguate the two competing members of the same minimal
pair. For example, if neutralization were complete, the phonetic form [kot] would
represent two distinct nouns in Russian - /kot/ ‘cat’ and /kod/ ‘code’. If voicing-dependent
cues were neutralized only partially and the word were pronounced as [kod] (with [d]
taken to be phonetically distinct from [t]), the underlying representation /kot/ would no

longer need to be considered and [kod] would be mapped directly onto /kod/.
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2.5.1.3. Consonantal Place of Articulation

In addition to motivating retention of voicing cues, grammatical factors may also
affect the specific degree to which the underlying voicing contrast is maintained. For
example, the acoustic parameter of closure voicing is known to be sensitive to such task-
independent factors as consonantal place of articulation (Gamkrelidze, 1975; Ohala,
1983, 1997). Given that vocal fold vibration requires a continuous airflow through the
larynx, glottal pulsing can be maintained longer for those segments that are articulated
with a greater volume of space between the glottis and the oral constriction or with a
shorter period of oral closure. As such, phonetic voicing is inherently easier to sustain in
consonants with more anterior constriction locations or in apical sounds for which the
oral closure is formed with the tip of the tongue (which is a faster articulator than the
tongue blade or tongue body). Therefore, due to the task-independent effects of the
consonantal place of articulation, phonetic devoicing can be expected to be more
complete in Russian words such as /lug/ ‘meadow’ that end in a dorsal plosive compared

to such nouns as /kod/ ‘code’ or /krab/ ‘crab’ that end in coronal or labial stops.

2.5.1.4. Theoretical Implications

Considering the grammatical nature of such influences as underlying voicing,
paradigm uniformity, lexical competition and consonantal place of articulation, many
studies have argued that the apparent lack of discrete neutralization requires integration
into the existing models of final devoicing and that the phonological nature of devoicing,

the binarity of the voicing feature and the underlying representations of final obstruents
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could all be questioned on the basis of incomplete neutralization data (e.g., Dinnsen,
1983, 1985; Port & Crawford, 1989; Port, 1996; Ernestus, 2000; Port & Leary, 2005;
Ernestus & Baayen, 2007a, 2007b).

More specifically, traditional phonological theory is often thought to be more
appropriate for dealing with forms that can be unambiguously attributed to specific
categories, such as ‘voiced’ versus ‘voiceless’, but not with the more gradient
phenomena, such as ‘partially voiced’, that are relegated to other components of the
grammar (e.g., phonetic implementation rules; among others, Kiparsky, 1976).
Considering that incomplete neutralization does provide evidence of non-categorical
behaviour, Dinnsen (1983, 1985) argued that the type of discrete neutralization that is
assumed in the majority of phonological analyses is not likely to be attested in any of the
world’s languages and that the presence of residual but sufficiently robust cues to
underlying voicing confirms that final devoicing is not a phonological process. Similarly,
Port (1996) and Port & Leary (2005) claimed that the observed lack of complete
neutralization in laboratory speech provides robust evidence against the need for formal
phonological analyses of devoicing. Port (1996) also stated that incomplete neutralization
is “a worrisome chink in the dam that supports all of current symbol-based phonological
theory (p. 492)” and that, in the absence of categorical neutralization, theoretical
phonology “would appear to have no place to begin work (p. 492)”. Port (1996) further
questioned the validity of the impressionistic data upon which much of the generative

phonology has been based by saying that linguistic transcriptions are inherently biased
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and that many phonological phenomena could have been “completely missed due to
reliance on the traditional symbolic transcriptions of speech (p. 502)”.

Traditional descriptions of word-final devoicing have also been challenged on a
language-specific basis (Charles-Luce, 1985; Port & O’Dell, 1985; Port & Crawford,
1989; Ernestus & Baayen, 2003, 2004, 2007a, 2007b). Charles-Luce (1985), for example,
stated that final devoicing in German must be viewed as a phonetic process that does not
affect any underlying properties of wordforms. Port & Crawford (1989) wrote that the
“German syllable-final devoicing rule cannot be stated in terms of the same [-voice]
feature that is employed in the lexical specification of words” (p. 257). More recently,
Ernestus & Baayen (2007a, 2007b) suggested that the apparent preservation of the
voicing contrast in the production and perception data from Dutch corroborates the view
that final devoicing in Dutch is best accounted for with such non-categorical models as
Exemplar theory (Bybee, 2001; Pierrehumbert, 2001, 2002) rather than an abstract
phonological analysis.*

Maintenance of the underlying voicing contrast in final obstruents has also been
claimed to have important consequences for phonetic and phonological classifications of
speech sounds (Inozuka, 1991; Steriade, 1999; Ernestus, 2000). For example, Inozuka
(1991) argued that devoiced segments are phonetically distinct from both voiced and
voiceless realizations of the same speech sounds and, therefore, a 3-way contrast between

voiced, voiceless and devoiced obstruents is needed at the phonetic level. Similarly,

» In earlier work, Ernestus & Baayen (2003) proposed that incomplete neutralization effects favoured
using Stochastic Optimality Theory (Boersma, 1998). However, this view appears to have been abandoned
in the more recent work (e.g., Ernestus & Baayen, 2007a, 2007b).
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Steriade (1999) proposed that phonetically voiced and voiceless consonants have specific
articulatory targets (that are achieved by means of active voicing or devoicing) but that
laryngeally neutralized obstruents lack such targets at the phonetic level (i.e., they are
voiced or devoiced only passively). In other words, an underlying /d/ would be
pronounced as [d] in a pre-vocalic position but as [D] when it is word-final, with the
latter realization sounding largely voiceless but nevertheless articulatory distinct from [t].
In formal phonology, this view has been modeled with such mechanisms as non-binary
evaluation of the (surface) voicing feature (e.g., by including partially devoiced
candidates in OT tableaux; van Oostendorp, 2008).

A more radical view on the nature of the voicing feature and the underlying
representation of the neutralizing segment can be found in Ernestus (2000) who claimed
that the 3-way distinction between voiced, voiceless and devoiced obstruents is present
even at the phonological level. According to Ernestus, onset consonants are marked in the
phonology as either voiced or voiceless and they undergo active voicing (or devoicing) at
the phonetic level. Unlike segments in onsets, coda/word-final obstruents are not marked
for voicing in the phonology and their surface forms are the result of passive voicing,
meaning that they are voiced if followed by a voiced sound (e.g., if a vowel-initial suffix
is added onto the stem) and devoiced if followed by a voiceless sound or a prosodic
boundary (e.g., when word-final). To account for this type of behaviour in formal
phonology, underlying representations of word-final obstruents would need to be not only

[+/-voiced] but also unmarked for [voiced].
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2.5.2. Methodological Influences

In contrast to the view that incomplete neutralization is the result of grammatical
pressures, a number of researchers have proposed that the presence of partial
neutralization in experimental data could be driven by methodological influences rather
than grammatical factors (among others, Fourakis & Iverson, 1984; Mascard, 1987;
Manaster Ramer, 1996a, 1996b; van Rooy et al., 2003). In other words, incomplete
neutralization would be an unintended consequence of the experimental manipulation and
partial devoicing would not need to be modeled in formal analyses. Fourakis & Iverson
(1984), for example, stated that word-final devoicing in German is “a bona fide instance
of phonological neutralization (p. 149)” and expressed full support for the traditional
accounts of laryngeal neutralization (e.g., Moulton, 1962). Manaster Ramer (1996a,
1996b) argued that devoicing is a categorical phonological process in Catalan, German,
Polish and Russian and proposed that preservation of voicing cues is “nothing more than
an experimental or statistical mirage (1996b, p. 517)”. Manaster Ramer also expressed
disbelief that linguistically naive speakers but not trained phoneticians can perceive the
underlying contrast. More recently, van Rooy et al. (2003) pointed out that underlying
voicing is often signaled by a single acoustic parameter (e.g., burst duration in Port &
Crawford, 1989) and proposed that manipulation of one cue is a conscious and task-
driven adjustment of articulation.

The list of methodological factors that have been implicated in the appearance of
partial neutralization in experimentally-elicited speech includes the biasing effects of

orthography, presence of full minimal pairs and/or non-alternating forms among the
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stimuli, failure to control test words for segmental or usage-based differences, small
sample sizes, lack of proper statistical treatment, elicitation of multiple repetitions and

other similar influences that are discussed in more detail in the sections that follow.

2.5.2.1. Orthographic Influences

Considering that the majority of neutralizing languages maintain the underlying
voicing contrast at the orthographic level, with different graphemes used for underlyingly
voiced versus voiceless obstruents (e.g., ‘I’ /p/ versus ‘b’ /b/ in Russian), and that many
experimental studies administered a reading task, several researchers have proposed that
preservation of voicing cues in phonetic outputs may be driven (at least in part) by
orthographic influences (Fourakis & Iverson, 1984; Jassem & Richter, 1989; Kopkalli,
1993; Manaster Ramer, 1996a, 1996b; Piroth & Janker, 2004; Warner et al., 2004, 2006;
Beckman et al., 2009). This proposal is corroborated by the fact that incomplete
neutralization of voicing-dependent differences has usually been observed in word-
reading experiments (e.g., Charles-Luce, 1985; Port & O’Dell, 1985; Piroth et al., 1991;
Dmitrieva et al., 2010) but not in the case of the oral tasks in Fourakis & Iverson (1984)
and Jassem & Richter (1989).

However, the exact biasing role of orthography in the preservation of the voicing
contrast in word-final obstruents has not been clear. Kopkalli (1993), for example,
proposed that the absence of orthographic representations during experimental tasks can
only reduce the magnitude of voicing-dependent differences but cannot account for the

appearance of such effects in the first place. Van Rooy et al. (2003) pointed out that the
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effects observed in their study of final plosives in Afrikaans could not have been caused
by orthography exclusively, since voicing cues were enhanced only slightly for non-
existing words (the pronunciation of which can be expected to be strongly affected by
orthography). Piroth & Janker (2004) argued that orthography alone could not explain
why, in their study, South German speakers maintained the underlying contrast in
plosives but speakers of West German and Central German did not (even though the 3
dialects use the same orthographic representations) and further proposed that
orthographic influences may be limited to a subset of lexical items, such as infrequent
words. Emestus & Baayen (2007a) pointed out that orthographic differences cannot
explain the interparadigmatic effects found in the perception of non-word rhymes in
Dutch. Finally, Rottger et al. (2011) observed significant voicing-dependent differences

in German even though their participants performed oral depluralization of non-words.

2.5.2.2. Presence of Minimal Pairs

Preservation of voicing-dependent differences in production has also been
attributed to the common practice of including full minimal pairs among the stimuli
(Jassem & Richter, 1989; Piroth & Janker, 2004). Jassem & Richter (1989), for example,
suggested that the presence of minimal pair counterparts in the lists of stimuli items
results in hypercorrection of one’s pronunciation. Piroth & Janker (2004) argued that
exposing speakers to both members of a minimal pair increases the amount of attention
they pay to orthographic representations. No significant differences were also observed in

the case of the oral conjugation task in Fourakis & Iverson (1984) and the word-reading
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tasks in Inozuka (1991) and Kopkalli (1993), which are some of the studies that did not
use any minimal pairs among the stimuli or included very few test words that contrasted
minimally (e.g., 2 (out of 60) words in Kopkalli, 1993).

At the same time, voicing-dependent differences have in fact been observed when
test items included very few minimal pairs (e.g., one pair (out of 9) in Piroth et al., 1991;
one pair (out of 13) in Piroth & Janker, 2004). Effects of underlying voicing have also
been found when using nonword forms that do not have existing minimal pair
counterparts in the lexicon (e.g., Ernestus & Baayen, 2006). Hence, direct exposure to
lexical competition may not be required for the voicing contrast to be preserved in
experimentally-elicited speech. Moreover, the absence of significant differences in
Fourakis & Iverson (1984) could have been motivated by the non-orthographic nature of
the oral conjugation task rather than exclusion of minimal pair counterparts from the list
of stimuli items, and the null results in Inozuka (1991) and Kopkalli (1993) could have

been the consequence of using small samples of speakers and very few test items.

2.5.2.3. Segmental, Prosodic and Lexical Differences

Many previous experimental investigations reported production and perception
data that were averaged across different places and manners of articulation, word lengths,
segmental environments and/or prosodic positions (e.g., Fourakis & Iverson, 1984;
Inozuka, 1991; Dmitrieva et al., 2010). However, much of the phonetic research done in a
variety of neutralizing and non-neutralizing languages has shown that many of the

parameters associated with underlying voicing (e.g., VOT, closure duration, vowel
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duration) can also be affected by such factors as consonantal place and manner of
articulation, vowel height, stress placement, word length, complexity of the phonological
environment, and adjacency to a prosodic boundary (among others, Lindblom, 1967;
Lehiste, 1970; Lisker, 1974; Gamkrelidze, 1975; Westbury & Keating, 1980; Ohala,
1983; Slis, 1986; Nearey & Rochet, 1994; Maddieson, 1997; Cho & Ladefoged, 1999;
Byrd et al., 2005). As such, both the presence and the absence of significant effects in
previous neutralization studies may be attributable to the lack of control for segmental
and prosodic factors.

Moreover, many earlier findings could have been biased by the practice of using
prepositions, adverbs and other stimuli items that do not have any paradigmatic forms in
which the critical consonant is prevocalic. Since such words cannot be modified by
adding a vowel-initial suffix, the underlying identity of the word-final obstruent is
sometimes thought to be ambiguous (Fourakis & Iverson, 1984; Mascard, 1987,
Manaster Ramer, 1996a). In other words, those consonants that can never be found in a
non-neutralizing position may be voiced, voiceless or underspecified for voicing at the
phonemic level. Although such forms can potentially inform us on the role of
orthography in final devoicing, the absence of paradigmatic evidence for underlying
voicing in a subset of test items complicates any interpretation of the findings that are
based on an uneven number of alternating and non-alternating wordforms (e.g., Port &
O’Dell, 1985; Dmitrieva et al., 2010).

Voicing-dependent differences may also be masked by the effects of lexical

frequency. Given that more frequent wordforms are known to be articulated faster
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(Whalen, 1992), if lexical frequencies of items ending in voiced versus voiceless
obstruents are not controlled for in the experimental design, exogenous effects of usage
frequency may lead to either appearance or disappearance of durational differences
between the two voicing groups and could be erroneously analyzed as influences of
underlying voicing. However, very few previous experimental studies matched usage
frequencies across experimental conditions or tested for frequency effects in statistical
models (notable exceptions include Ernestus & Baayen, 2007a; Dmitrieva et al., 2010).
Furthermore, many previous studies used a mix of inflected and uninflected wordforms
and items belonging to different grammatical categories (e.g., a mix of Nominative
singular and Genitive plural nous, infinitival and perfective verbal forms, adverbs and
abbreviations is used in Dmitrieva et al., 2010). Although the exact effects of introducing
this additional variability are yet to be explored, different inflectional forms and
grammatical categories may be expected to have different likelihoods of occurring in the
utterance-final position, which is the only environment where final devoicing is unlikely
to be blocked (or masked) by other phonological processes (e.g., voicing assimilation).
Hence, the strength of voicing cues may vary across test items depending on whether a
particular form 1is encountered more often in phrase-final versus phrase-medial
environments, especially if a given wordform tends to co-occur with another word that,

for example, triggers regressive voicing assimilation across the word boundary.
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2.5.2.4. Participant Selection, Sample Size and Statistical Treatment

Many previous findings may also be questioned on the basis of subject
recruitment, sample size and/or statistical treatment of the data. For example, the Russian
findings in Chen (1970) and Pye (1986) were based on recordings from one and 5
subjects, respectively. Piroth & Janker (2004) collected production data from only two
speakers per dialect. Dmitrieva et al. (2010) tested only 4 monolingual Russian speakers.
Given that the existence of inter-speaker variability is well known in the phonological
literature (Burton & Robblee, 1997), those voicing-dependent effects that are found in
small datasets are not always representative of larger populations. The practice of making
generalizations on the basis of very few speakers (as well as very few experimental
items) becomes even more problematic considering that a subset of test tokens is often
not analyzed due to the presence of unreleased plosives, creaky voicing, and other similar
factors that make the data unusable (e.g., 36% of the tokens in the * #C’ condition in
Charles-Luce & Dinnsen, 1987).

Several previous neutralization studies also recruited participants who had
significant exposure to (or knowledge of) a non-neutralizing language. For example, the
German speakers in Charles-Luce (1985), the Polish speakers in Slowiaczek & Dinnsen
(1985) and Slowiaczek & Szymanska (1989) and a subset of the Russian speakers in Pye
(1986) were all residing in the USA or the UK at the time of testing (for up to 37 years in
the case of Slowiaczek & Szymanska, 1989). Testing participants who are exposed to
non-neutralizing languages is not problematic if research goals include investigating

inter-language differences and effects of bilingualism (as in the case of Smith et al., 2009;
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Dmitrieva et al., 2010). However, the vast majority of previous experimental studies were
not interested in L2 issues and generalized their findings to all speakers of a particular
language even if predominantly bilingual participants were tested (e.g., Charles-Luce,
1985; Pye, 1986; Slowiaczek & Szymanska, 1989). Notably, the German investigation in
Smith et al. (2009) and the Russian study in Dmitrieva et al. (2010) both showed that
linguistic experience can bias the way the voicing contrast is produced in not only L2 but
also L1 (also, see Simon (2010) for similar Dutch-to-English interference effects). Hence,
many of the previously reported voicing-dependent effects may not be characteristic of
the differences maintained in monolingual groups or the language in general.
Furthermore, some earlier investigations reported descriptive statistics only
(Chen, 1970; Pye, 1986; Kahlene-Halstenbach, 1989; also, the perception data in
Kopkalli, 1993), which makes it impossible to evaluate the generalizability of the
observed effects. Other previous findings were based exclusively on the results of
analyses of variance without repeated measures (e.g., Charles-Luce & Dinnsen, 1987,
Slowiaczek & Szymanska, 1989). However, since in devoicing studies the same
participant usually produces or evaluates both voiced and voiceless tokens, repeated
measures (RMs) are required in order to account for the variability that is due to the fact
that a given subject provides responses under different experimental conditions (Vonesh
& Chinchilli, 1997).2° Moreover, the majority of previous devoicing studies limited their
analyses to by-subject tests (e.g., Charles-Luce & Dinnsen, 1987; Slowiaczek &

Szymanska, 1989; Matsui, 2011). In such tests, whenever a factor comes out as

%% Examples of the few studies that used repeated measures in their statistical analyses include Charles-
Luce (1993), Warner et al. (2004), Dmitrieva et al. (2010), and Matsui (2011).
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significant, it can be assumed that the same variable would also be significant if a larger
sample of participants from the same population were tested on the same set of stimuli
items. Neutralization studies, however, are not interested in finding out how speakers of a
given language produce or perceive the underlying voicing contrast in a small set of
wordforms (e.g., 6 words in the production experiment in Inozuka, 1991; 4 words in the
perception study in Matsui, 2011). Instead, the aim of experimental research is to predict
speakers’ performance for all similar words that may exist in the lexicon.

One way of ensuring generalizability of results across both subjects and items,
when item variability has been constrained experimentally, is to conduct by-subject (1)
as well as by-item (F,) analyses and to consider an effect significant only if it is
significant in both F; and F, tests (i.e., when it meets the F x F, Criterion; Clark, 1973;
Raaijmakers et al., 1999).”” In other words, participants’ responses are averaged across
items (F) and across subjects (F,). Both sets of data are then tested in separate analyses
of variance, with F analyses revealing whether larger samples of subjects would show
similar effects when tested on the same items and F, analyses showing how the same
participants would perform on a new set of similar words. If both F; and F; tests reveal
significant effects of the same predictor variable, the finding can be assumed to
generalize to other speakers as well as other lexical items of the same language.

However, with the exception Warner et al. (2004), the F x F, Criterion has not been

7 An alternative way to account for variability that is due to both subjects and items is to use mixed effects
modeling with ‘subjects’ and ‘items’ as random effects factors (e.g., Rottger et al., 2011). Although mixed
effects modeling may have advantages over traditional analyses of variance (Locker et al., 2007; Baayen,
2008), conducting by-subject and/or by-item ANOV As has been the most common statistical procedure in
previous neutralization studies and, to ensure greater comparability of the present findings with those of
earlier investigations, the current study also relies on F; and F, ANOVAs and leaves mixed effects
modeling of the Russian data for future work.

85



applied in previous neutralization studies even when both by-subject and by-item

analyses were conducted (e.g., Port & Crawford, 1989; van Rooy et al., 2003).

2.5.2.5. Multiple Repetitions and Other Procedural Effects

Researchers working on the voicing contrast in final obstruents have usually
attempted to mask the aim of their investigation by adding filler items and creating an
impression of a different goal (e.g., ‘gender-related differences in speech’ in Kahlene-
Halstenbach, 1989; ‘a semantic task’ in Dmitrieva et al., 2010). However, in the majority
of previous neutralization studies, participants were asked to repeat the same
experimental list several times and/or were presented with test items prior to the
recording session so that they could familiarize themselves with the experimental tokens
(e.g., Charles-Luce, 1985; Charles Luce, 1993; Warner et al., 2004; Dmitrieva et al.,
2010). Asking participants to produce the same stimuli items more than once as well as
exposing them to test items before the experimental session can be expected to increase
the likelihood of the results of the study being affected by speaker’s awareness of the
goal of the experiment and the resultant hyper-articulation of the phonological contrast
under investigation. Pye (1986), for example, noted that 3 (out of 5) speakers included in
her study seemed to have discovered the goal of the investigation and produced
exaggerated voicing cues in final obstruents.

For perception findings, part of the observed variability in identification data may
also be attributable to general differences in how responses are registered (Burton &

Robblee, 1997; also, see Coté & Kharlamov (2011) for task-dependent asymmetries in
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syllabification judgments). More specifically, experimental studies ask participants to
perform slightly different actions (e.g., circling an answer on a sheet of paper versus
pressing a computer key) and, depending on the exact nature of the task, participants’
responses may be expected to be more or less sensitive to the same factors. For example,
since computer-registered answers are faster than written responses provided on a sheet
of paper, answers recorded electronically may be more affected by acoustic-phonetic
properties of stimuli items and may also be less sensitive to such factors as graphemic

frequency than the answers that are written down on a sheet of paper.

2.6. General Summary

Contrary to the claims made in the traditional accounts of final devoicing,
experimental research has often shown that speakers of neutralizing languages produce
and perceive cues to the underlying voicing specification of word-final obstruents. Such
findings have been attributed to a variety of grammatical factors and have been argued to
warrant re-consideration of traditional analyses of final devoicing and re-evaluation of
the underlying voicing properties of final consonants. However, other experimental
studies done in many of the same languages have failed to observe statistically significant
differences in the production and perception of voiced versus voiceless obstruents in
neutralizing environments and have attributed the presence of incompletely neutralized
cues to the effects of task-dependent factors and various methodological issues. Notably,
many of the claims with respect to neutralization of voicing cues have been based on

limited, impressionistic or otherwise problematic data and none of the previous studies
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have attempted to specifically manipulate the presence of not only orthographic
representations but also full minimal pairs in order to determine the exact biasing role of
task-dependent influences. This lack of empirical evidence is what motivated the current
dissertation, which specifically investigates the effects of grammatical versus
methodological factors in the production (Chapter 3) and perception (Chapter 4) of
voicing cues in word-final obstruents in Russian and discusses the implications of the
experimental findings for the phenomenon of final devoicing and phonology in general

(Chapter 5).
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CHAPTER 3: PRODUCTION STUDY
3.1. Introduction
Chapter 3 describes the acoustic production study of the voicing contrast in word-
final obstruents in Russian that was conducted as part of the present doctoral research.
The chapter starts with stating the goals, research questions and hypotheses of the
production experiment (Section 3.2.), followed by a detailed description of the

experimental methodology (Section 3.3.) and results of the study (Section 3.4.).

3.2. Goals, Research Questions and Hypotheses

3.2.1. Aims of the Study

The production component of the current dissertation represents a large-scale and
systematic study dedicated to exploring the effects of (i) grammatical (phonological,
lexical) influences versus (ii) methodological factors in the realization of the voicing
contrast in word-final obstruents in Russian. The main goal of the production study is to
investigate the sources of the incomplete neutralization effects that are seen in laboratory
speech. The scope of the investigation is limited to word-final/utterance-final stops and
fricatives that are not adjacent to any other obstruent (i.e., all test items end in a single
obstruent and are produced as isolated one-word utterances that are followed by a pause;
cases of word-medial (coda) devoicing or cases involving obstruent+obstruent clusters

are not examined).
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3.2.2. Research Questions

R1:

R3:

R4:

The following research questions are addressed in the production study:

Do speakers of Russian, as a group, maintain statistically significant differences
in preceding vowel duration, closure/frication duration, release duration and/or

closure voicing in word-final obstruents during experimentally-elicited speech?

If attested, can voicing-dependent differences be attributed primarily to
speakers’ exposure to orthographic inputs and/or presence of full minimal pairs

among the stimuli?

Are voicing-dependent differences found irrespective of phonological and lexical
properties of stimuli words (consonantal place and manner of articulation, word

length in syllables, membership in a minimal pair)?

Do the magnitude and direction of different voicing-dependent effects vary
across individual speakers and items or do all acoustic parameters show the

same degree of individual-level variability?

3.2.3. Hypotheses

In general, it is hypothesized that statistically significant voicing-dependent

durational differences will be found at the group level, with effects of underlying voicing

expected to be more robust when orthography or lexical competition encourage

preservation of the voicing contrast. Task-independent effects are also anticipated, such
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as stronger cues to underlying voicing for items with potentially homophonous lexical
competitors, yet they are expected to be less robust than the effects of task-dependent
factors. At the individual level, substantial between-speaker and between-item variability
is predicted for those acoustic parameters that are non-primary cues to underlying
voicing. If the current predictions are met, the findings will show that grammatical
influences are present in experimentally-elicited devoicing data, yet experimental
methodology exerts a prominent bias on speakers’ performance in linguistic tasks, with

task-dependent factors accounting for a substantial part of the observed results.

3.3. Method

3.3.1. Participants and Location

Native speakers of Russian (n=78; 23 male, 55 female; 18 to 28 years old; mean
age of 20.1) were recruited and tested at a university campus in Perm, Russia. All
participants were undergraduate, graduate or postdoctoral members of the university
community. None majored in linguistics, modern languages or any other field which
involves explicit training in phonetics or phonology. All participants spoke the same local
variety of Russian. None self-reported any language-related problems. The majority of
speakers (n=67) identified themselves as monolingual. The remaining participants (n=11)
were raised in bilingual households (Russian and Komi, Tatar or Udmurt); however, at
the time of testing, they used only the Russian language actively in their daily lives. All
participants indicated having low to average proficiency in at least one foreign language

(English, French, German, Spanish).
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3.3.2. Stimuli
3.3.2.1. The Consonantal System of Russian

The phonemic system of Russian includes the following types of consonants:
plosives (bilabial, alveolar, velar), fricatives (labiodental, alveolar, post-alveolar, velar),
affricates (alveolar, alveopalatal), nasals (bilabial, alveolar), trills (alveolar), and
approximants (alveolar, palatal). With the exception of the velar fricative and the two
affricates, all obstruents can be either voiced or voiceless. The majority of segments also
have both plain and palatalized versions that contrast phonemically. A sample
consonantal chart of Russian is presented in Figure 1 (based on Bogdanova, 2001; the

obstruents tested in the present study are listed inside shaded areas).

Bilabial Labiodent.  Alveolar Post-alv. Velar
& palatal
Plosive p b t d k
pj b t & K gj
Fricative f v S 7 J‘ 3 X
vioood ¢ X
Affricate ts tf
Nasal m n
Ifl’lj Ilj
Trill T
r
Approx. 1
P j

Figure 1: Consonantal phonemes of Russian
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As can be seen in Figure 1, the segments of interest to the current investigation are
limited to (non-palatalized) labial, coronal and dorsal plosives and fricatives that are

paired in Russian with respect to the voicing feature.

3.3.2.2. Stimulus Selection Criteria

Production stimuli (n=150; 75 ending in voiced obstruents, 75 in voiceless; 90
with final plosives, 60 with final fricatives; distributed evenly across places of
articulation) were singular masculine nouns in the Nominative case. All items were
existing words of Russian, had ultimate stress, and could be inflected by adding a vowel-

initial suffix. The stimuli belonged to one of the 5 word types shown in (4) below.

(4)  Production stimuli

(i)  plosive-final monosyllabic minimal pairs
(n=30; e.g., /kot/ “cat’, /kod/ ‘code’)

(11)  plosive-final monosyllabic non-minimal pairs
(n=30; e.g., /zlak/ ‘grass’, /flag/ ‘flag’)

(i11) plosive-final disyllabic non-minimal pairs
(n=30; e.g., /pirat/ ‘pirate’, /parad/ ‘parade’)

(iv)  fricative-final monosyllabic non-minimal pairs
(n=30; e.g., /trus/ ‘coward’, /gruz/ ‘load’)

(v)  fricative-final disyllabic non-minimal pairs

(n=30; e.g., /tarif/ ‘tariff’, /zaliv/ ‘bay’)

93



Disyllabic plosive-final and fricative-final minimal pairs were not included due to the low
number of relevant lexical items in Russian that belong to the same part of speech,
represent the same inflectional category, and are not archaic.

To mitigate the potential effects of exogenous variability, monosyllabic and
disyllabic non-minimal pairs consisted predominantly of near-minimal pairs and words
with matching final onsets and/or nuclei. Test items were also controlled for length in
graphemes (Myoicea=4.4, SD=1.1; Myoiceless=4.3, SD=1.0; |t| (74)<1; p>0.1) and lexical
frequency (Myoicea=27.4 ipm, SD=90.6; Myoiceless=9.95 ipm, SD=18.3; |¢|(74)<2;
p>0.1).”® In the absence of detailed information on the positional frequency of Russian
words, it was not possible to also control for the effects of positional frequency.
However, since the stimuli represented the same grammatical category and the same
inflectional form, any residual effects of positional frequency were not expected to affect
the overall results.

Given the nature of the production study, stimuli words were chosen such that
each item could be represented as a short fill-in-the-blank description (for hard-to-image
objects and concepts; e.g., /kod/ ‘code’) or a vector image (for easy-to-image objects;
e.g., /arbuz/ ‘watermelon’). Fill-in-the-blank descriptions (n=100) were created on the
basis of dictionary definitions in Ozhegov & Shwedova (2000). Vector images (n=50)

came from several standardized sets, including the database of 260 colored pictures from

*¥ Frequency values were calculated on the basis of the Russian National Corpus (Lyashevskaya & Sharoff,
2009; <http://ruscorpora.ru>). The sub-corpus used for the purposes of the present study included over 113
million individual word tokens and was based on approximately 181,000 newspaper articles published
between 2000 and 2010. Notably, although an overall difference in mean values of instances per million
(ipm) was observed between words ending in voiced versus voiceless obstruents, the difference was largely
due to a small number of frequent items and was not statistically significant.

94



Rossion & Pourtois (2004), 400 black-and-white images from Cycowicz et al. (1997),
and 590 black-and-white pictures from Severens et al. (2005).% Following the suggestion
in Rossion & Pourtois (2004) that addition of color facilitates recognition of depicted
objects, the present study used only colored pictures.*

To ensure that vector images and fill-in-the-blank descriptions would result in a
high rate of expected responses, 168 undergraduate and graduate students (from the same
university; none participated in the production study) filled out anonymous written
questionnaires. The questionnaires asked to provide semantic associations to a given
word, to denote names of objects appearing in vector images, and/or to complete fill-in-
the-blank descriptions of various objects and concepts. Descriptions and the selection of
vector images were repeatedly modified on the basis of the answers provided in the
questionnaires until a set of 150 tokens was formed, with over 90% of the respondents
producing the expected wordform for each non-orthographic representation.

In addition to test items, participants were exposed to an equal number of filler
words (n=150) that were taken from a pool of Nominative singular masculine and
feminine nouns ending in vowels and sonorant consonants. Similarly to test items, both
orthographic and non-orthographic representations were used for filler tokens. For those
participants who were exposed only to one member of each minimal pair, a
supplementary set of monosyllabic filler words (n=15) was added to the stimulus list to

ensure that all participants were exposed to the same overall number of experimental

** Due to licensing considerations, the full set of images used in the present study cannot be reproduced in
the Appendix and should be accessed via the original sources cited herewith.

% When colored versions were unavailable, color was added manually using the PaintNET image
manipulation application (<www.getpaint.net>).

95



items (i.e., 300). The additional words did not have minimal pair counterparts in the
lexicon and ended in voiced or voiceless plosives. They were distributed evenly across
places of articulation and shared the final onset and/or nucleus with the one member of
each minimal pair which was retained in the stimulus list (e.g., if the word /krap/ ‘specks’
was not included among test items, /krab/ ‘crab’ was paired up with /trap/ ‘ramp’; */trab/
is not an existing word of Russian).

Table 3 provides a summary of the stimuli items used in the production study.”'

! The full list of test items is given in Appendix 1. Fill-in-the-blank descriptions and a list of vector images
are provided in Appendix 2 and Appendix 3, respectively.
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Table 3: Stimuli items (production) - Summary

Obstruent Place Syllabicity Minimal Voicing Example
type Pair
Labial Monosyllabic yes Voi (n=5) /snob/
(n=30) (n=20) (n=10) Vls (n=5) /snap/
no Voi (n=5) /zub/
(n=10) Vls (n=5) /sup/
Disyllabic no Voi (n=5) /saskob/
(n=10) (n=10) Vls (n=5) /padkop/
Coronal Monosyllabic | yes Voi (n=5) /kod/
Final (1=30) | (n=20) (n=10) Vls (n=5) Jkot/
plosives no Voi (n=5) /spad/
(n=90) (n=10) Vls (n=5) /skat/
Disyllabic no Voi (n=5) /parad/
(n=10) (n=10) Vls (n=5) /pirat/
Velar Monosyllabic | yes Voi (n=5) /lug/
(n=30) (n=20) (n=10) Vls (n=5) /luk/
no Voi (n=5) /flag/
(n=10) Vls (n=5) /zlak/
Disyllabic no Voi (n=5) /avrag/
(n=10) (n=10) Vls (n=5) /barak/
Labial Monosyllabic no Voi (n=5) /xlev/
(n=20) (n=10) (n=10) Vls (n=5) /blet/
Disyllabic no Voi (n=5) /zaliv/
(n=10) (n=10) Vls (n=5) /tarif/
Final Coronal Monosyllabic no Voi (n=5) /gruz/
fricatives (n=20) ) ) Vis (n=5) /trus/
(n=60) Disyllabic no Voi (n=5) /arbuz/
(n=10) (n=10) Vis (n=5) /indus/
Palatal Monosyllabic no Voi (n=5) /muz/
(n=20) (n=10) (n=10) Vls (n=5) /duf/
Disyllabic no Voi (n=5) /mulaz/
(n=10) (n=10) Vls (n=5) /qubaf/
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3.3.3. Experimental Groups and Procedures

Experimental sessions were conducted in a sound-treated university lab in Perm,
Russia. Participation in the production study consisted of attending a single session which
lasted up to one hour. Prior to testing, all participants provided informed consent and
filled out a background questionnaire (information about age, gender, linguistic
experience, places of residence, and speech-related physiological difficulties). During the
recording session, speakers were instructed to name the experimental items that were
appearing on the computer screen. Participants' responses (acoustic outputs) were
recorded for analyses. At the end of the session, all speakers completed a post-test
questionnaire which asked about the perceived goal of the study.

Participants were assigned on a random basis to one of 4 experimental groups.
The groups differed with respect to two parameters: (i) presence of orthographic
representations of test items and (ii) presence of full minimal pairs among the stimuli.
The first parameter was manipulated by asking participants to perform either a word-
reading task (henceforth, Orth+) or a picture-naming/fill-in-the-blank task (henceforth,
Orth-). During the word-reading task, speakers saw orthographically-represented stimuli
items that stayed on the computer screen for 1 second and were instructed to pronounce
the words as soon as they appeared. The picture-naming/fill-in-the-blank description task
involved seeing vector images or short semantically-based descriptions of test words, and
speakers were asked to name the non-orthographically represented items as soon as they
recognized them. Vector images were displayed for 1 second. Fill-in-the-blank

descriptions stayed on the screen until a computer key was pressed (with a 4 second time-
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out).*” Sample screenshots demonstrating the different experimental tasks are provided in

Figure 2 (word-reading task), Figure 3 (picture-naming task), and Figure 4 (fill-in-the-

blank description task).

cyn

(/sup/ “soup”)

Figure 2: Word-reading task - Sample screenshot

(/flag/ ‘flag’)

Figure 3: Picture-naming task - Sample screenshot

32 For fill-in-the-blank descriptions, participants were instructed to pronounce only the missing word, which
was sentence-final in 91 (out of 100) carrier sentences and sentence-medial in the remaining 9 cases.
Inclusion of carrier phrases with non-final target items helped achieve a high rate of expected responses,

and reanalyses of the production data showed that exclusion of the 9 test items did not affect the overall
results.
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JBEPHOH 3aMOK, TpeX3HauHbIii

(‘door-lock, 3-digit __’; /kod/ ‘code’)

Figure 4: Fill-in-the-blank description task - Sample screenshot

The second parameter, presence of full minimal pairs among the stimuli, was
manipulated by exposing participants from Orth+ and Orth- groups to either (i) both
members of each minimal pair (henceforth, MP+) or (ii) only one member of each
minimal pair (henceforth, MP-). For example, participants in the MP+ groups
encountered both /kot/ ‘cat’ and /kod/ ‘code’ during the recording session. Speakers in the
MP- groups were exposed to /kot/ ‘cat’ or /kod/ ‘code’ only. A general summary of the 4

experimental groups is given in Table 4.

Table 4: Experimental groups (production) - Summary

Experimental group Task Minimal pair items
picture-naming/ one item
R fill-in-the-blank (e.g., /kotl)
picture-naming/ full pair
2. ORTH-MP+ fill-in-the-blank (e.2., /kot/~/kod/)
. one item
3. ORTH+MP- word-reading (e.g., /kod/)
) full pair
4. ORTH+MP+ word-reading

(e.g., /kot/~/kod/)
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Every experimental session started with trial items (n=10), followed by 6
experimental blocks with 50 stimuli items per block. Experimental tokens were pseudo-
randomized, such that the first 5 items in each block were fillers and the rest of the items
occurred in a random order (randomization never resulted in members of the same
minimal pair being immediately adjacent to each other). Participants were encouraged to

take a short break after each block.

3.3.4. Instruments

Stimuli items were presented in the center of a portable PC computer screen.
Randomization and stimulus delivery were done with Presentation® software (Version
14, www.neurobs.com). A unidirectional Shure SM10A microphone connected to a
portable Marantz recorder (PMD670) was used to capture speakers’ acoustic outputs.
Recording (mono) was done continuously with a sampling rate of 44.1 kHz and a depth

of 16 bit.

3.3.5. Data Treatment and Analyses
3.3.5.1. Segmentation and Acoustic Measurements

Acoustic tokens were extracted from continuous recordings and were labeled
using the PRAAT software (Boersma & Weenink, 2009). An annotated TextGrid was
created for each token. For items ending in plosives, TextGrids included boundary
information for the entire wordform, nucleus of the final vowel, consonantal closure, and
consonantal release (including both burst and aspiration, if applicable). For words ending

in fricatives, TextGrids contained information about word boundaries, edges of the final
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nucleus, and duration of the frication period. Word-initial and word-final edges were
marked automatically using a pause-detection script. Word-internal boundaries were
inserted manually on the basis of spectrograms and oscillograms. All boundaries were re-
verified visually before calculating measurement values.

Location of the nucleus-initial boundary depended on the type of the preceding
segment. When preceded by a plosive, the boundary was placed at the end of the release
noise of the stop and the beginning of F2 and F3 associated with the vowel. For nuclei
preceded by fricatives or affricates, the initial boundary was located after the offset of
frication noise. For vowels preceded by sonorant consonants and glides, the boundary
was placed at the point of abrupt changes in the waveform and the spectral pattern. The
end of the nucleus was marked at the point of interruption in F2 and F3. The closure
period of plosives was marked from the end of the preceding nucleus to the beginning of
the release burst of the stop, which was defined as the point of significant increase in
waveform amplitude and concurrent appearance of a noise pattern in the spectrogram.
The release stage of plosives was marked from the end of the closure period to the end of
burst or, if a segment was aspirated, the end of aspiration. For fricatives, frication
duration was marked from the end of the preceding nucleus to the end of the high-
frequency noise associated with the consonant. Sample waveforms and spectrograms
showing the placement of segmental boundaries are provided in Figure 5 (final plosives)

and Figure 6 (final fricatives).
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Figure 5: Segmentation of plosive-final tokens (/kat/ 'cat'")
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Figure 6: Segmentation of fricative-final tokens (/mu3/ "husband')
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TextGrids and corresponding sound files were used to calculate 4 acoustic

parameters for final plosives (listed in (5) below) and 3 measurements for final fricatives

(listed in (6) below).
(%) Acoustic measurements (plosives)
(1) preceding vowel duration;
(i1) closure duration;
(ii1) release duration;
(iv) closure voicing.
(6) Acoustic measurements (fricatives)
(1) preceding vowel duration;
(i1) frication duration;
(ii1) closure voicing (=voicing into frication).

Preceding vowel duration, closure/frication duration and release duration were measured
in milliseconds (rounded to the nearest full millisecond). Closure voicing was measured
as a number of glottal pulses. As noted in Chapter 2, these acoustic parameters have been
used in the majority of previous neutralization studies that examined the voicing contrast

in word-final obstruents.

3.3.5.2. Statistical Analyses
Acoustic measurements of preceding vowel duration, closure/frication duration,

release duration and closure voicing were subjected to a series of analyses of variance
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with repeated measures (RM ANOVAs). The 3 factors listed in (7) were tested as

predictor variables (factor levels are specified inside brackets).

(7) Predictor variables
(1) UR-voice (=underlying voicing; voiced, voiceless);
(i1) C-place (=place of articulation; labial, coronal, dorsal);

(iii))  Group (=experimental group; Orth-MP-, Orth-MP+, Orth+MP-, Orth-+MP+).

The IBM SPSS Statistics software package (Version 19; www.ibm.com) was used to run
the tests. Separate analyses were performed for each dependent variable and each word
type. The 2 (UR-voice) x 3 (C-place) x 4 (Group) RM ANOVAs were run on pooled data
using both by-subject () and by-item () factorial designs. Only those differences that
met the F; X F, Criterion (i.e., were significant at the a=.05 level in both F) and F;
analyses) were judged to be statistically significant. In F; analyses, UR-voice and C-place
were used as within-subjects independent variables. Group was a between-subjects
predictor. In F, analyses, Group was a within-items variable. UR-voice and C-place were
between-items predictors. Analyses of variance examined all main effects and
interactions. When applicable, pairwise comparisons (t-tests, 2-tailed) were used to
resolve significant effects and interactions and Greenhouse-Geisser or Bonferroni
corrections were utilized to account for the presence of multiple comparisons (with
corrected values reported alongside the original degrees of freedom).

The relationship between acoustic measurements and the results of the post-test

questionnaire was examined using regression analyses that were conducted on the by-
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subject difference scores (subtracting values for voiceless obstruents from values for
voiced obstruents; for MP- groups, difference scores were calculated by averaging the
data for each voicing category across the 3 places of articulation). Separate analyses were
performed for each of the 5 stimuli types. Subjects’ awareness of the contrast under
investigation (aware, unaware) was used as the predictor variable.

A total of 10,810 acoustic tokens were retained for analyses, which represents
92.4% of the maximum possible number of tokens (n=11,700; 150 words X 78 speakers).
The difference of 7.6% (i.e., 890 tokens) was due to speakers not producing the expected
wordform in non-reading tasks (n=805) or the reading task (n=12), background noise
(n=15), pause-insertion (n=24), absence of release (n=10), and other miscellaneous
problems that made production data unusable (n=24). Table 5 provides a summary of the
distribution of tokens with respect to word type and consonantal place and manner of

articulation.

Table 5: Acoustic tokens retained for analyses - Summary

Word type Final Cs |Num. of tokens
. /p, b/ 575
monosyllabic MPs o —
(e.g., /kot/~/kad/) /k, g/ 570
/p, b/ 1,512
/t, d/ 1,520
monosyllabic & disyllabic /k, g/ 1,516
non-MPs /f, v/ 1,504
(.., /sup/, Jarbuz/) /s, 2/ 1,526
/I, 3/ 1,514
Total: 10,810
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3.4. Results

Production results are presented below in the following order: (i) plosive-final
monosyllabic minimal pairs (Section 3.4.1.), (ii) plosive-final monosyllabic and
disyllabic non-minimal pair items (Section 3.4.2.), and (iii) fricative-final monosyllabic
and disyllabic non-minimal pairs (Section 3.4.3.). For each stimulus type, group results
are followed by individual-level findings and a brief summary of the observed effects.
Acoustic findings are followed by the results of the post-test questionnaire (Section
3.4.4) and a general summary of the effects found in production (Section 3.4.5.).

Discussion of the results is offered in Chapter 5.

3.4.1. Plosive-Final Minimal Pairs
3.4.1.1. Group Results

Table 6 shows group averages and 95% confidence intervals for the parameters of
preceding vowel duration, closure duration, release duration and closure voicing in
plosive-final monosyllabic minimal pairs (averaged across all 4 experimental groups). As
reflected in the table, differences in closure duration, release duration and closure voicing

but not preceding vowel duration are statistically significant.
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Table 6: Preceding V duration, closure duration, release duration & closure voicing in
plosive-final monosyllabic MPs - Group means & 95% confidence intervals.

Measure Voiced Voiceless diff.
Vowel 130 126 4
duration (ms) (125-134) (122-130)

Closure 99 106 -7
duration (ms) (95-103) (102-110)

Release 65 71 -6™
duration (ms) (62-69) (68-75)

Closure 4.19 2.07 2.12™
voicing (cycles) (3.63-4.75) (1.80-2.33)

* - significant @ .05 level
** - significant @ .01 level
*** _ significant @ .001 level

Significant ANOVA results are presented in Table 7, which shows main effects

. . . . .33
and interactions involving UR-voice.

* Detailed results are provided in Appendix 4.
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Table 7: Production of plosive-final monosyllabic MPs - Summary of the
significant ANOVA results

By-Subject By-Item

Factor Measure
F, )4 F, P

UR-voice | Vowel duration 18.53 | .000 - -

Closure duration 40.07 | .000 | 11.59 | .002
Release duration 33.21 | .000 | 9.75 .005
Closure voicing 73.94 | .000 | 207.03 | .000
C-place | Vowel duration 64.57 | .000 - -

Closure duration 22.18 | .000 | 7.98 .002
Release duration 26.95 |.000 | 17.56 | .000
Closure voicing 11.26 | .000 | 8.68 .001
Group Vowel duration - - 8.78 .000

Closure duration = - - -

Release duration = - - -
Closure voicing 5.00 |.003 | 52.86 | .000

UR-voice | Vowel duration - - - -
x Group

Closure duration - - - -

Release duration - - - -
Closure voicing 9.43 | .000 | 44.13 | .000

UR-voice | Vowel duration - - - -
x C-place

Closure duration - - = -
Release duration 5.34 .006 - -
Closure voicing 6.22 | .003 - -

As depicted in Table 7, a significant main effect of UR-voice was observed for the
parameters of closure duration (£(1,74)=40.07, p<.001; F»(1,24)=11.59, p=.002), release
duration (F(1,74)=33.21, p <.001; F>(1,24)=9.75, p=.005), and closure voicing
(F1(1,74)=73.94, p<.001; F>(1,24)=207.03, p<.001). For preceding vowel duration, a

main effect of UR-voice did not meet the criterion of statistical significance as it was
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observed in the by-subject analysis only (F,>18, p<.001; F,<l, p>.1). For closure
duration and release duration, neither a main effect of Group nor a significant UR-voice x
Group interaction was found in any analysis (all Fs<2.6, all ps>.05), which shows that
that the effect of underlying voicing was independent of experimental group membership.
For preceding vowel duration, a significant main effect of Group was present in the by-
item analysis only (F <1, p>.1; F»>8, p<.001) and Group did not interact with UR-voice
(all Fs<1, all ps>.1),

For closure voicing, analyses of variance indicated a significant main effect of
Group (F1(1,74)=5.0, p=.003; F»(1,24)=52.86, p<.001). Pairwise comparisons revealed
that Orth-MP- and Orth-MP+ groups were both significantly different from the
Orth+MP+ group (all ps<.05). A significant UR-voice x Group interaction was also
found (F(1,74)=9.43, p<.001; F,(1,24)=44.13, p<.001), and pairwise tests showed that
differences in closure voicing were significant in the Orth-MP+, Orth+MP- and
Orth+MP+ groups (all ps<.05) but not in the Orth-MP- group (p>.1). The two Orth+
groups also produced significantly more voicing for phonologically voiced stops than the
two Orth- groups (all ps<.001). Hence, Orth-MP- was the only experimental group that
did not maintain a significant difference in closure voicing between underlyingly voiced
versus voiceless final stops, and more phonetic voicing was observed for underlyingly
voiced plosives during word-reading. Mean values of closure voicing across the 4
experimental groups are shown in Figure 7, with significance of pairwise comparisons

marked as ‘*’ (p<.05), “*** (p<.01), “**** (p<.001), and ‘n.s.” (p>.1).
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Figure 7: Closure voicing in plosive-final monosyllabic MPs - By-group differences.

A significant main effect of C-place was also found in both F; and F, analyses for
closure duration, release duration, and closure voicing (as well as in the by-subject
analysis for preceding vowel duration) (all Fs>7.0, all ps<.01). However, the UR-voice x
C-place interaction was significant for release duration and closure voicing only in the
by-subject analyses (all Fs>5, all ps<.01) and not significant in the rest of the tests (all

Fs<2, all ps >.1).

3.4.1.2. Individual Results

Individual results for plosive-final monosyllabic minimal pairs are provided in a
text format in Table 8 and in a graph format in Figure 8 through Figure 15. The first line
in Table 8 presents the by-subject results for the Orth-MP- group and indicates that (i)

longer vowels before voiced plosives were found in 14 participants (67% of subjects;
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1~16 ms diff.), (ii) the pattern was reversed in 5 speakers (24%; 4~11 ms diff.), and (iii)
the observed differences were less than 0.5 ms in the remaining 2 participants (9%). The
second line shows the by-item results for the same Orth-MP- group and reveals that (i)
vowels were longer before voiced stops in 8 item pairs (53%; 1~19 ms diff.), (ii) the
pattern was reversed in 4 word pairs (27%; 4~9 ms diff.), and (iii) differences were
around zero in the remaining 3 pairs (20%). All other lines follow the same general

format.
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Table 8: Production of plosive-final monosyllabic MPs - Summary of individual results.

Expected Opposite No
Measure | Group pattern pattern diff.
num. (%) range num. (%) | range | num. (%)
Vowel Orth-MP-  Subj. | 14 (67%) 1~16 5 (24%) 1~8 2 (9%)
duration Item | 8(53%) 1~19 4 (27%) 4~9 3 (20%)
(ms) Orth-MP+  Subj. | 17 (81%) 1~19 4 (19%) 2~12 -
Item | 11 (73%) 4~8 3(20%) | 4~13 1 (7%)
Orth+MP-  Subj. | 12 (67%) 1~19 5 (28%) 1~8 1 (5%)
Item | 11 (73%) 1~16 2 (13%) 3~8 2 (14%)
Orth+MP+  Subj. | 13 (72%) 1~10 5 (28%) 2~4 -
Item | 12 (80%) 1~9 2 (13%) 3~8 1 (7%)
Closure | Orth-MP-  Subj. | 16 (76%) 2~27 4 (19%) 1~14 1 (5%)
duration Item | 11 (73%) 1~20 2 (13%) 1~8 2 (14%)
(ms) Orth-MP+  Subj. | 12 (57%) 1~22 9 (43%) 2~6 -
Item | 9 (60%) 3~14 5(33%) 1~9 1 (7%)
Orth+MP-  Subj. | 11 (61%) 1~27 7 (39%) 1~14 -
Item | 12 (80%) 3~19 3 (20%) 1~5 -
Orth+MP+  Subj. | 14 (78%) 3~26 3 (17%) 3~5 1 (5%)
Item | 14 (93%) 1~21 1 (7%) 3 -
Release | Orth-MP-  Subj. | 15 (71%) 1~19 6(29%) | 4~17 -
duration Item 9 (60%) 2~21 6 (40%) 2~13 -
(ms) Orth-MP+  Subj. | 13 (62%) 1~16 8 (38%) 1~10 -
Item | 8(53%) 2~18 6 (40%) 1~5 1 (7%)
Orth+MP-  Subj. | 15 (83%) 1~20 3 (17%) 3~6 -
Item | 10 (67%) 4-28 4 (27%) 3~11 1 (7%)
Orth+MP+  Subj. | 15 (83%) 3~23 2 (11%) 1~6 1 (5%)
Item | 14 (93%) 1~20 - - 1 (7%)
Closure | Orth-MP-  Subj. | 9(43%) | 0.8~2.9 2(9%) | 0.9~2.0 | 10 (48%)
voicing Item 6 (40%) 0.6~1.9 2(13%) | 0.6~0.7 | 7 (47%)
(cycles) | Orth-MP+  Subj. | 14 (67%) | 0.6~4.9 1 (5%) 0.6 6 (29%)
Item | 13(87%) | 0.8~2.9 - - 2 (13%)
Orth+MP-  Subj. | 15(83%) | 0.9~10.5 - - 3 (17%)
Item | 15(100%) | 1.0~4.1 - - -
Orth+MP+  Subj. | 18 (100%) | 0.6~9.8 - - -
Item | 15 (100%) | 1.9~5.9 - - -
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Figure 8 through Figure 15 below provide graphical representations of the results
shown in Table 8, starting with the individual findings for the acoustic parameter of
preceding vowel duration (Figure 8, by-subject; Figure 9, by-item). In all plots, results
are arranged by the experimental group and the difference scores of individual subjects
and item pairs (subtracting voiceless from voiced). For preceding vowel duration, closure
duration and release duration, the y-axis represents seconds (e.g., the value of 0.02
corresponds to 1/50 of a second or 20 ms). For closure voicing, the y-axis shows the
number of glottal cycles. Those differences that are either in the unexpected direction or
round down to zero are shown inside rectangular boxes. For preceding vowel duration,
values above zero (i.e., outside of the boxes) indicate longer vowels before voiced stops

(which is the expected pattern).

Preceding V duration (diff. scores; sec)
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Figure 8: Preceding V duration in plosive-final monosyllabic MPs - By-subject means.
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Figure 9: Preceding V duration in plosive-final monosyllabic MPs - By-item means.

Individual results for the acoustic cue of closure duration are shown in Figure 10
(by-subject) and Figure 11 (by-item). In the two figures, scores below zero (outside of the

boxes) indicate longer voiceless closures (which is expected).

Closure duration (diff. scores; sec)
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Figure 10: Closure duration in plosive-final monosyllabic MPs - By-subject means.
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Figure 11: Closure duration in plosive-final monosyllabic MPs - By-item means.

Individual results for the acoustic parameter of release duration are shown in
Figure 12 (by-subject) and Figure 13 (by-item). Values below zero (outside of the boxes)

denote longer voiceless releases (which is expected).
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Figure 12: Release duration in plosive-final monosyllabic MPs - By-subject means.
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Release duration (diff. scores; sec)
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Figure 13: Release duration in plosive-final monosyllabic MPs - By-item means.

Individual results for closure voicing are shown in Figure 14 (by-subject) and
Figure 15 (by-item). Scores above zero (outside of the boxes) indicate more phonetic

voicing for underlyingly voiced obstruents (which is expected).

Closure voicing (diff. scores; cycles)
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Figure 14: Closure voicing in plosive-final monosyllabic MPs - By-subject means.
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Closure voicing (diff. scores; cycles)
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Figure 15: Closure voicing in plosive-final monosyllabic MPs - By-item means.

3.4.1.3. Summary

For plosive-final monosyllabic words with minimal pair counterparts in the
lexicon (e.g., /kot/ ‘cat’ ~ /kod/ ‘code’), group data reveal small but statistically
significant differences in closure duration (7 ms longer for underlyingly voiceless stops),
release duration (6 ms longer for underlyingly voiceless plosives), and closure voicing
(2.12 cycles more for underlyingly voiced stops). For closure duration and release
duration, the observed differences are independent of experimental group membership.
For closure voicing, significantly more glottal pulsing is seen for voiced final stops only
in the data of those participants who were exposed to orthographic representations of
stimuli words and/or both members of each minimal pair. Differences in phonetic voicing
are also more robust in the case of word-reading than picture-naming/word-guessing.

Differences in preceding vowel duration do not meet the criterion of statistical
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significance, and the interaction between underlying voicing and consonantal place of
articulation is also not significant for any of the acoustic parameters measured.

Individual results show robust between-speaker and between-item variability in
the extent and direction of the durational differences in preceding vowel duration, closure
duration, and release duration. For example, up to 27 ms longer closures for underlyingly
voiceless stops are seen in 68% of speakers and, depending on the experimental group,
60% to 93% of test items. At the same time, up to 14 ms longer closures for
phonologically voiced plosives (which is unexpected) are present in 29% of participants
and up to 33% of test items. Similar results that often go in the unexpected direction
across all 4 experimental groups are also obtained for preceding vowel duration and
release duration, with many of the observed differences being on the lower part of the
range (e.g., around 1 ms). For closure voicing, individual results show more phonetic
voicing for underlyingly voiced stops in 67% to 100% of speakers and 8§7% to 100% of
minimal pairs in the Orth-MP+, Orth+ MP- and Orth+MP+ groups (with some of the
differences being in excess of 6 glottal cycles) but only 43% of speakers and 40% of item
pairs in the Orth-MP- group (with none of the differences exceeding 3 cycles). Thus,
individual-level differences in closure voicing are generally robust and go in the expected
direction in the data elicited during word-reading and/or with full minimal pairs included
among the stimuli. The same differences are highly limited in the data recorded in non-
reading tasks and without minimally contrasting wordforms present among test items. As
shown in Section 3.4.2. that follows, similar results were also obtained for plosive-final

monosyllabic and disyllabic non-minimal pairs.
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3.4.2. Plosive-Final Non-Minimal Pairs

3.4.2.1. Group Results

Group means and 95% confidence intervals for the parameters of preceding vowel

duration, closure duration, release duration and closure voicing in plosive-final

monosyllabic and disyllabic non-minimal pairs are shown in Table 9. As noted in the

table, only the differences in release duration and closure voicing are statistically

significant for monosyllables and only the difference in closure voicing is significant for

disyllables.

Table 9: Preceding V duration, closure duration, release duration & closure voicing in
plosive-final monosyllabic & disyllabic non-MPs - Group means & 95% confidence intervals.

Monosyllables Disyllables
Measure
Voiced Voiceless diff. Voiced Voiceless diff.

Vowel 129 127 2 118 115 3
duration (ms) (124-133) | (122-131) (114-122) | (111-119)
Closure 101 103 -2 93 94 -1
duration (ms) (97-104) (99-106) (89-97) (90-98)
Release 67 72 -5 47 48 -1
duration (ms) (60-70) (67-75) (43-50) (44-51)
Closure 3.15 2.18 0.97" 2.93 1.99 0.94™
voicing (cycles) | (2.79-351) | (1.92-2.45) (2.65-3.22) | (1.76-2.22)

Table 10

summarizes the

monosyllabic and disyllabic non-minimal pairs.**

* - significant @ .05 level
** - significant @ .01 level
**% - significant @ .001 level

significant ANOVA results

for plosive-final

** The table shows significant main effects and interactions involving UR-voice. Detailed results are
provided in Appendix 5 (monosyllables) and Appendix 6 (disyllables).
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Table 10: Production of plosive-final monosyllabic & disyllabic non-MPs - Summary of the

significant ANOVA results

Monosyllables Disyllables
Factor Measure By-Subject By-Item By-Subject By-Item
F 14 F, )4 Fy )4 F, 14
UR-voice | Vowel dur. - - - - 5.28 .024 - -
Closure dur. - - - - - - - -
Release dur. 13.26 | .000 | 16.48 | .000 - - - -
Closure voi. 50.22 | .000 | 327.87 | .000 | 72.54 | .000 | 124.10 | .000
C-place | Vowel dur. 53.02 | .000 | 17.68 | .000 | 65.24 | .000 17.25 | .000
Closure dur. 14.95 | .000 | 28.72 | .000 | 13.17 | .000 18.39 | .000
Release dur. | 26.15 | .000 | 69.09 | .000 | 23.51 | .000 | 24.51 | .000
Closure voi. 17.63 | .000 | 48.19 | .000 | 8.73 .000 8.97 .000
Group Vowel dur. - - 3.60 .029 - - 5.40 .002
Closure dur. - - - - - - - -
Release dur. - - 5.21 .003 - - - -
Closure voi. 3.43 021 | 82.77 | .000 | 6.28 001 | 106.93 | .000
UR-voice | Vowel dur. - - - - - - - -
x Group Closure dur. - - - - - - - -
Release dur. - - - - - - - -
Closure voi. 9.54 ].000 | 56.67 | .000 | 14.60 | .000 | 55.30 | .000

As reflected in Table 10, monosyllabic wordforms showed a significant main effect of

UR-voice for release duration (F(1,74)=13.26, p<.001; F»(1,24)=16.48, p<.001) and

closure voicing (F(1,74)=50.22, p<.001; F»(1,24)=327.87, p<.001). For preceding vowel

duration and closure duration, the main effect of voicing was marginally significant in

by-subject analyses but not significant in by-item tests (all Fs<3.5, all ps>.05; all

F»s<2.2, all ps>.1). In disyllabic words, only closure voicing showed a significant main

effect of UR-voice in both F; and F; analyses (F1(1,74)=72.54, p<.001; F»(1,24)=124.10,

p<.001). For preceding vowel duration, UR-voice was significant in the by-subject
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ANOVA only (F}55, p<.05; F»<l, p>.1). Closure duration and release duration did not
show a main effect of UR-voice in either F; or F; analyses (all Fs<1.0, all ps>.1).

Main effect of Group was found for closure voicing in monosyllables as well as
disyllables (monosyllables: F(1,74)=3.43, p=.021; F,(1,24)=82.77, p<.001; disyllables:
F1(1,74)=6.28, p<.001; F»(1,24)=106.93, p<.001). For both types of words, pairwise
comparisons revealed that the two Orth- groups were significantly different from the
Orth+MP+ group (all ps<.05). For preceding vowel duration, the Group factor was
significant for monosyllables and disyllables in by-item analyses only (all F;s>3, all
ps<.05; all F»s<l, all ps >.1). For release duration, a main effect of Group was present in
monosyllabic items only in the F; analysis (F <1, p>.1; F»,>5, p<.01). Thus, as in the case
of plosive-final monosyllabic minimal pairs, the main effect of Group met the criterion of
statistical significance only for closure voicing.

A significant UR-voice x Group interaction was observed for closure voicing both
in monosyllables and disyllables (monosyllables: F(1,74)=9.54, p<.001; F>(1,24)=56.67,
p<.001; disyllables: F;(1,74)=14.60.54, p<.001; F>(1,24)=55.30, p<.001). Pairwise
comparisons showed that differences in closure voicing were always significant in the
Orth-MP+ and Orth+MP+ groups (all ps<.01) and always non-significant in the Orth-
MP- group (p>.1). For the Orth-MP+ group, the difference was marginally significant in
monosyllabic words (p<.1) but significant in disyllables (p<.001). Furthermore, for both
monosyllabic and disyllabic items, the two Orth+ groups produced significantly more
phonetic voicing for phonologically voiced plosives than the two Orth- groups (all

ps<.001). Hence, only the speakers in the Orth-MP- group never maintained a significant
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difference in closure voicing between underlyingly voiced versus voiceless final stops,
and more phonetic voicing for voiced stops was observed during the reading task. Mean
values of closure voicing across the 4 experimental groups are shown in Figure 16

(monosyllables) and Figure 17 (disyllables).

Closure voicing (cycles)
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Figure 16: Closure voicing in plosive-final monosyllabic non-MPs - By-group differences.
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Figure 17: Closure voicing in plosive-final disyllabic non-MPs - By-group differences.

For all acoustic measurements, a significant main effect of C-place was found in
monosyllabic as well as disyllabic items (all Fs>8.0, all ps<.001). However, UR-voice
did not interact with C-place for any of the dependent variables, and none of the
remaining interactions were significant in both by-subject and by-item analyses (all

F,s<3, all ps >.05).

3.4.2.2. Individual Results

Individual results for plosive-final non-minimal pairs are presented in Table 11
(monosyllables) and Table 12 (disyllables) and are also plotted in Figure 18 through
Figure 33. The tables and the graphs follow the same format as Table 8 and Figures 8

through 15 (Section 3.4.1.2.).
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Table 11: Production of plosive-final monosyllabic non-MPs - Summary of individual results.

Expected Opposite diff<.5
Measure | Group pattern pattern
num. (%) range num. (%) | range | num. (%)
Vowel Orth-MP-  Subj. | 12 (57%) 1~21 8 (38%) 2~20 1 (5%)
duration Item | 8(53%) 1~23 6 (40%) 2~18 1 (7%)
(ms) Orth-MP+  Subj. | 11 (52%) 1~15 9 (43%) 1~16 1 (5%)
Item | 8(53%) 3~17 6 (40%) 2~18 1 (7%)
Orth+MP-  Subj. | 10 (55%) 1~16 8 (44%) 1~18 -
Item | 10 (67%) 3~10 5(33%) 2~13 -
Orth+MP+  Subj. | 12 (67%) 2~19 6 (33%) 1~12 -
Item | 11 (73%) 1~19 4 (27%) 3~7 -
Closure | Orth-MP-  Subj. | 15 (71%) 1~12 6 (29%) 1~8 -
duration Item | 11 (73%) 2~10 3(20%) | 4~10 1 (7%)
(ms) Orth-MP+  Subj. | 10 (48%) 1~18 10 (48%) | 1~26 1 (5%)
Item | 8(53%) 1~8 6 (40%) 1~16 1 (7%)
Orth+MP-  Subj. | 10 (55%) 4~17 7 (39%) 9~17 1 (5%)
Item | 7 (47%) 2~13 7 (47%) 1~13 1 (7%)
Orth+MP+  Subj. | 14 (78%) 4~13 4(22%) | 4~15 -
Item | 12 (80%) 1~14 3 (20%) 2~4 -
Release | Orth-MP-  Subj. | 15 (71%) 1~29 5 (24%) 8~23 1 (5%)
duration Item | 8(53%) 2~14 6 (40%) 1~14 1 (7%)
(ms) Orth-MP+  Subj. | 13 (62%) 1~19 7 (33%) 2~14 1 (5%)
Item | 10 (67%) 2~18 4 (27%) 4~8 1 (7%)
Orth+MP-  Subj. | 15 (83%) 1~28 3 (17%) 7~29 -
Item | 8(53%) 1~15 5(33%) 1~8 2 (13%)
Orth+MP+  Subj. | 12 (67%) 3~40 6 (33%) 1~20 -
Item | 15(100%) | 1~18 - - -
Closure | Orth-MP-  Subj. | 10 (48%) | 0.7~1.7 1 (5%) 0.6 10 (48%)
voicing Item | 3(20%) | 0.6~1.1 1 (7%) 0.9 11 (73%)
(cycles) | Orth-MP+  Subj. | 5(24%) | 0.6~1.9 2(9%) | 0.6~0.7 | 14 (67%)
Item | 4(27%) | 0.6~1.6 1 (7%) 0.9 10 (67%)
Orth+MP-  Subj. | 11(61%) | 0.7~4.1 - - 7 (39%)
Item | 13(87%) | 0.7~1.8 - - 2 (13%)
Orth+MP+  Subj. | 15(83%) | 0.9~5.7 - - 3 (17%)
Item | 15 (100%) | 1.1~2.8 - - -
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Table 12: Production of plosive-final disyllabic non-MPs - Summary of individual results.

Expected Opposite diff<.5
Measure | Group pattern pattern
num. (%) range num. (%) | range | num. (%)
Vowel Orth-MP-  Subj. | 15 (71%) 1~20 6 (29%) 4~27 -
duration Item 8 (53%) 2~22 7 (47%) 1~12 -
(ms) Orth-MP+  Subj. | 10 (48%) 2~27 9 (43%) 1~16 2 (9%)
Item 9 (60%) 3~18 5 (33%) 1~16 1 (7%)
Orth+MP-  Subj. | 9 (50%) 2~21 8 (44%) 1~16 1 (5%)
Item 7 (47%) 8~21 8 (53%) 1~15 -
Orth+MP+  Subj. | 11 (61%) 5~20 7 (39%) 1~13 -
Item 8 (53%) 4~25 7 (47%) 1~14 -
Closure Orth-MP-  Subj. | 12 (57%) 3~21 8 (38%) 1~14 1 (5%)
duration Item 9 (60%) 2~14 4 (27%) 6~8 2 (13%)
(ms) Orth-MP+  Subj. | 9 (43%) 2~15 12(57%) | 3~20
Item 5(33%) 2~9 10 (67%) 2~14 -
Orth+MP-  Subj. | 9 (50%) 3~21 9 (50%) 1~21 -
Item 7 (47%) 1~10 6 (40%) 2~14 2 (13%)
Orth+MP+  Subj. | 11 (61%) 1~24 6 (33%) 3~21 1 (5%)
Item 9 (60%) 1~16 6 (40%) 1~4 -
Release Orth-MP-  Subj. | 10 (48%) 4~20 11 (52%) 1~20 -
duration Item 8 (53%) 2~18 7 (47%) 1~14 -
(ms) Orth-MP+  Subj. | 9 (43%) 2~21 11(52%) | 1~17 1 (5%)
Item 8 (53%) 2~16 6 (40%) 2~10 1 (7%)
Orth+MP-  Subj. | 7 (39%) 1~16 10 (56%) 2~21 1 (5%)
Item 7 (47%) 1~9 7 (47%) 2~10 1 (7%)
Orth+MP+  Subj. | 11 (61%) 1~22 5 (28%) 3~9 2 (11%)
Item | 12 (80%) 1~12 3 (20%) 3~7 -
Closure Orth-MP-  Subj. | 6(29%) 0.6~1.4 3(14%) | 0.8~1.8 | 12 (57%)
voicing Item 3 (20%) 0.6~0.7 1 (7%) 0.6 11 (73%)
(cycles) | Orth-MP+  Subj. | 10 (48%) | 0.6~2.5 1 (5%) 0.6 10 (48%)
Item 8 (53%) 0.6~0.9 - - 7 (47%)
Orth+MP-  Subj. | 12(67%) | 0.6~3.7 - - 6 (33%)
Item | 13 (87%) | 0.6~1.9 - - 2 (13%)
Orth+MP+  Subj. | 16 (89%) | 0.7~4.5 - - 2 (11%)
Item | 15(100%) | 1.1~2.9 - - -
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Individual-level results for the parameter of preceding vowel duration are shown
in Figure 18 (monosyllabic, by-subject), Figure 19 (monosyllabic, by-item), Figure 20
(disyllabic, by-subject), and Figure 21 (disyllabic, by-item). As before, scores above zero

(outside of the boxes) represent longer vowels before voiced stops (which is expected).

Preceding V duration (diff. scores; sec)
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Figure 18: Preceding V duration in plosive-final monosyllabic non-MPs - By-subject means.
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Figure 19: Preceding V duration in plosive-final monosyllabic non-MPs - By-item means.
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Preceding V duration [diff. scores; sec)
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Figure 20: Preceding V duration in plosive-final disyllabic non-MPs - By-subject means.
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Figure 21: Preceding V duration in plosive-final disyllabic non-MPs - By-item means.
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Results for the parameter of closure duration are shown in Figure 22
(monosyllabic, by-subject), Figure 23 (monosyllabic, by-item), Figure 24 (disyllabic, by-
subject), and Figure 25 (disyllabic, by-item). Scores below zero (outside of the boxes)

indicate longer voiceless closures (which is expected).
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Figure 22: Closure duration in plosive-final monosyllabic non-MPs - By-subject means.
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Figure 23: Closure duration in plosive-final monosyllabic non-MPs - By-item means.
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Closure duration (diff. scores; sec)
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Figure 24: Closure duration in plosive-final disyllabic non-MPs - By-subject means.
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Figure 25: Closure duration in plosive-final disyllabic non-MPs - By-item means.

130



Individual results for the parameter of release duration are shown in Figure 26
(monosyllabic, by-subject), Figure 27 (monosyllabic, by-item), Figure 28 (disyllabic, by-
subject), and Figure 29 (disyllabic, by-item). Values below zero (outside of the boxes)

denote longer voiceless releases (which is expected).
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Figure 26: Release duration in plosive-final monosyllabic non-MPs - By-subject means.
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Figure 27: Release duration in plosive-final monosyllabic non-MPs - By-item means.
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Release duration (diff. scores; sec)
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Figure 28: Release duration in plosive-final disyllabic non-MPs - By-subject means.
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Figure 29: Release duration in plosive-final disyllabic non-MPs - By-item means.
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Results for closure voicing are shown in Figure 30 (monosyllabic, by-subject),
Figure 31 (monosyllabic, by-item), Figure 32 (disyllabic, by-subject), and Figure 33
(disyllabic, by-item). Scores above zero (outside of the boxes) signal more phonetic

voicing for underlyingly voiced segments (which is expected).

Closure voicing (diff. scores; cycles)
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Figure 30: Closure voicing in plosive-final monosyllabic non-MPs - By-subject means.

Closure voicing (diff. scores; cycles)
12

10

Orth- MP- Orth- MP+ Orth+ MP- Orth+ MP+

Figure 31: Closure voicing in plosive-final monosyllabic non-MPs - By-item means.
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Closure voicing (diff. scores; cycles)
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Figure 32: Closure voicing in plosive-final disyllabic non-MPs - By-subject means.
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Figure 33: Closure voicing in plosive-final disyllabic non-MPs - By-item means.
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3.4.2.3. Summary

For monosyllabic plosive-final words without potentially homophonous
competitors in the lexicon (e.g., /flag/ ‘flag’; */flak/ is not an existing word of Russian),
group results reveal the presence of longer releases for underlyingly voiceless stops (5 ms
difference) and more closure voicing for phonologically voiced plosives (0.97 cycles
difference). In disyllabic items (e.g., /parad/ ‘parade’; */parat/ is not an existing word of
Russian), only the difference in the amount of glottal pulsing is significant (0.94 cycles
more for underlyingly voiced plosives). However, whereas differences in release duration
are found in monosyllabic items independently of experimental group, differences in
closure voicing are significant (or marginally significant) only in the Orth-MP+,
Orth+MP- and Orth+MP+ groups but not the Orth-MP- group. The two Orth+ groups
also show more phonetic voicing for phonologically voiced plosives. Thus, closure
voicing signals the underlying contrast only during word-reading or, to a lesser extent,
during picture-naming/word-guessing if full minimal pairs are present among the stimuli.
The remaining acoustic parameters show durational differences that are in the expected
direction but do not meet the criterion of statistical significance, and the observed effects
are also found to be consistent across different places of articulation.

Individual results show robust between-speaker and between-item variability in
the extent and direction of voicing-dependent differences in release duration (as well as
preceding vowel duration and closure duration). For example, for monosyllables, releases
are up to 40 ms longer in underlyingly voiceless stops in 71% of speakers and 53% to

100% of item pairs, yet the same difference in release duration are up to 29 ms in the
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opposite direction in 27% of subjects and 27% to 40% of stimuli pairs. Many means are
also around 1 ms, and similar degrees of variability are seen for all experimental groups.
Unlike release duration, closure voicing shows a clear asymmetry for both monosyllables
and disyllables between the two Orth- groups and the two Orth+ groups. More glottal
pulsing for underlyingly voiced stops is found in over 60% of speakers and up to 100% of
item pairs in the two Orth+ groups, with mean differences reaching as high as 5.7 cycles.
The same pattern is present in no more than 48% of subjects and 53% of items in the two
Orth- groups, with averaged values never exceeding 2.5 cycles. Section 3.4.3. below

shows that comparable results were also obtained for items with final fricatives.

3.4.3. Fricative-Final Non-Minimal Pairs
3.4.3.1. Group Results

Group means and 95% confidence intervals for the parameters of preceding vowel
duration, frication duration and closure voicing in fricative-final monosyllabic and
disyllabic non-minimal pair items are shown in Table 13. As noted in the table, only the

differences in frication duration and closure voicing are statistically significant.
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Table 13: Preceding V duration, frication duration & closure voicing in fricative-final
monosyllabic & disyllabic non-MPs - Group means & 95% confidence intervals.

Monosyllables Disyllables
Measure

Voiced Voiceless diff. Voiced | Voiceless diff.
Vowel 126 123 3 120 117 3
duration (ms) (121-130) | (118-127) (116-124) | (112-121)
Frication 162 175 -13™ 155 163 -8
duration (ms) (157-167) | (169-181) (150-161) | (158-169)
Closure 2.37 0.85 1.52 2.14 0.82 1.32
voicing (cycles) | (1.81-2.92) | (0.75-0.96) (1.67-2.61) | (0.71-0.93)

* - significant @ .05 level
** - significant @ .01 level
*** _ significant @ .001 level

A summary of the significant ANOVA results for fricative-final items without

minimal pair counterparts in the lexicon is provided in Table 14.*

%> The table lists significant main effects and interactions involving UR-voice. Detailed results are given in
Appendix 7 (monosyllables) and Appendix 8 (disyllables).
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Table 14: Production of fricative-final monosyllabic & disyllabic non-MPs -
Summary of the significant ANOVA results

Monosyllables Disyllables
Factor Measure By-Subject By-Item By-Subject By-Item
F, D F, ) F, ) F, p
UR-voice |V dur. 12.62 | .001 - - 15.19 .000 - -

Frication dur. | 79.32 | .000 17.82 .000 | 23.78 .000 14.94 .001
Closure voi. 31.32 | .000 | 75.52 .000 | 34.14 .000 345.98 | .000
C-place V dur. 7.07 .001 - - 3.96 .002 - -

Closure dur. 87.59 | .000 | 29.65 .000 | 79.07 .000 53.82 .000

Closure voi. - - - - - - - -

Group |V dur. - ; 933 | .000 - - 7.88 | .000
Frication dur. - - 6.60 .001 - - 6.01 .002
Closure voi. | 5.10 | .003 | 5115 | .000 | 527 | .002 | 156.24 | .000
UR-voice |V dur. 3.27 .026 - - - - - -
xGroup  Ipycationdur. | - - 462 | .006 - - 3.58 | 025
Closure voi. | 5.68 | .001 | 47.02 | .000 | 5.62 | .002 | 130.63 | .000
UR-voice |V dur. 13.75 | .000 - - 498 | .008 - -
xCplace [pricationdur. | 4.59 | .013 - - 375 | .028 - -

Closure voi. - = = = - - - -

UR-voice |V dur. - - - - - - - -
x C-place
x Group

Frication dur. - - - - - - - -
Closure voi. - - - - - - 395 .004

As can be seen in the table above, a significant main effect of UR-voice on frication
duration was found for both monosyllables and disyllables (monosyllables:
F1(1,74)=79.32, p<.001; F»(1,24)=17.82, p<.001; disyllables: F(1,74)=23.78, p<.001;
F>(1,24)=14.94, p<.001). A significant main effect of UR-voice on closure voicing was
also observed for both stimuli types (monosyllables: F;(1,74)=31.32, p<.001;

F5(1,24)=75.52, p<.001; disyllables: F(1,74)=34.14, p<.001; F»(1,24)=345.98, p<.001).
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For preceding vowel duration, a main effect of UR-voice was significant only in the by-
subject ANOVAs (all Fis >12, all ps<.001; all F»s<1, all ps>.1).

For preceding vowel duration and frication duration, a main effect of Group was
found in monosyllables and disyllables only in by-item analyses (all F;s<l, all ps>.1; all
F»s>6, all ps<.01) and UR-voice interacted with Group in either by-subject or by-item
ANOVAs (all Fs>3, all ps<.05) but not in both types of tests at the same time (all
remaining Fs<2.5, all ps>.05). Closure voicing showed a main effect of Group regardless
of word length in syllables (monosyllables: F)(1,74)=5.10, p=.003; F>(1,24)=51.15,
p<.001; disyllables: F(1,74)=5.27, p=.002; F>(1,24)=156.24, p<.001), and pairwise
comparisons revealed that the two Orth- groups were always significantly different from
the Orth+MP+ group (all ps<.05).

For both monosyllables and disyllables, closure voicing also showed a significant
UR-voice x Group interaction (monosyllables: F(1,74)=5.68, p=.001; F,(1,24)=47.02,
p<.001; disyllables: F;(1,74)=5.62, p=.002; F>(1,24)=130.63, p<.001). Pairwise
comparisons indicated that the difference in the amount of phonetic voicing between
underlyingly voiced versus voiceless final fricatives was never significant in the Orth-
MP- group (all ps>.1) but always significant in the Orth-MP+, Orth+MP- and Orth+MP+
groups (all ps<.01). For monosyllabic words, differences in the amount of voicing
produced for phonologically voiced fricatives were significant across all experimental
groups (all ps<.05). For disyllables, the two Orth- groups produced significantly less

voicing for underlyingly voiced segments than the two Orth+ groups (all ps<.01). Mean
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values of closure voicing across the 4 experimental groups are shown in

(monosyllables) and Figure 35 (disyllables).

Figure 34

Closure voicing (cycles)
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Figure 34: Closure voicing in fricative-final monosyllabic non-MPs - By-group differences.
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Figure 35:

Closure voicing in fricative-final disyllabic non-MPs - By-group differences.
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Main effect of C-place was significant for the parameter of frication duration in
all analyses of variance (all Fs>29, all ps<.001) and for preceding vowel duration in by-
item analyses only (all F;s>3, all ps<.01; all F»s<1, all ps >.1). However, none of the
interactions involving C-place met the criterion of statistical significance. Namely, a
significant UR-voice x C-place interaction was found for preceding vowel duration and
frication duration in by-subject ANOVAs only (all Fs>3, all ps<.05; F,s<l, all ps>.1),
and a 3-way interaction between UR-voice, C-place and Group was seen for closure

voicing in disyllabic words only in the by-item analysis (F> <2, p>.1; F»>3, p<.01).

3.4.3.2. Individual Results

Individual results for fricative-final non-minimal pairs are shown in Table 15
(monosyllables) and Table 16 (disyllables) and are plotted in Figure 36 through Figure
47, with all tables and graphs following the same format as in the case of plosive-final

stimuli (Section 3.4.1.2. and Section 3.4.2.2.).
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Table 15: Production of fricative-final monosyllabic non-MPs - Summary of individual results.

Expected Opposite diff<.5
Measure | Group pattern pattern
num. (%) range num. (%) | range | num. (%)
Vowel Orth-MP-  Subj. | 9 (43%) 1~12 9 (43%) 2~9 3 (14%)
duration Item | 9 (60%) 2~13 6 (40%) 1~15 -
(ms) Orth-MP+  Subj. | 10 (48%) 1~11 7 (33%) 1~7 4 (19%)
Item 6 (40%) 2~17 9 (60%) 1~8 -
Orth+MP-  Subj. | 11 (61%) 1~19 5 (28%) 7~19 2 (11%)
Item 7 (47%) 1~22 7 (47%) 1~14 1 (7%)
Orth+MP+  Subj. | 16 (89%) 1~20 2 (11%) 1~10 -
Item | 10 (67%) 2~24 5 (33%) 4~12 -
Frication | Orth-MP-  Subj. | 20 (95%) 1~24 1 (5%) 9 -
duration Item | 14 (93%) 3~30 1 (7%) 2 -
(ms) Orth-MP+  Subj. | 17 (81%) 1~30 4 (19%) 3~7 -
Item | 12 (80%) 2~23 3 (20%) 2~5 -
Orth+MP-  Subj. | 14 (78%) 1~40 2 (11%) 9~10 2 (11%)
Item | 12 (80%) 1~32 3 (20%) 4~8 -
Orth+MP+  Subj. | 16 (89%) 3~63 2 (11%) 1~6 -
Item | 15 (100%) 4~43 - - -
Closure Orth-MP-  Sub;. 1 (5%) 0.6 - - 20 (95%)
voicing Item 2 (13%) 0.6~0.8 1 (7%) 0.9 12 (80%)
(cycles) | Orth-MP+  Subj. | 13 (62%) | 0.6~4.7 - - 8 (38%)
Item | 10 (67%) | 0.6~2.5 - - 5(33%)
Orth+MP-  Subj. | 11 (61%) | 0.8~10.7 - - 7 (39%)
Item | 14 (93%) | 0.8~3.2 - - 1 (7%)
Orth+MP+  Subj. | 17 (95%) | 0.8~13.9 - - 1 (5%)
Item | 15(100%) | 1.8~4.9 - - -
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Table 16: Production of fricative-final disyllabic non-MPs - Summary of individual results.

Expected Opposite diff<.5
Measure | Group pattern pattern

num. (%) range num. (%) | range | num. (%)
Vowel Orth-MP-  Subj. | 11 (52%) 1~16 8 (38%) 2~7 2 (9%)
duration Item | 10 (67%) 1~16 5(33%) 5~15 -
(ms) Orth-MP+  Subj. | 8 (38%) 5~10 9 (43%) 1~14 | 4(19%)
Item | 5(33%) 4~20 8 (53%) 1~11 2 (13%)
Orth+MP-  Subj. | 13 (72%) 2~20 5 (28%) 3~16 -
Item | 10 (56%) 1~16 4 (27%) 2~5 1 (7%)
Orth+MP+  Subj. | 15 (83%) 1~20 3 (17%) 3~8 -
Item | 11 (73%) 1~25 4 (27%) 2~10 -
Frication | Orth-MP-  Subj. | 17 (81%) 2~26 4 (19%) 1~15 -
duration Item | 11 (73%) 2~26 2 (13%) 1~7 2 (13%)
(ms) Orth-MP+  Subj. | 14 (67%) 1~30 6 (29%) 2~15 1 (5%)
Item | 9 (60%) 2~26 6 (40%) 1~10 -
Orth+MP-  Subj. | 10 (56%) 1~41 7 (39%) 1~27 1 (5%)
Item | 9 (60%) 6~27 5(33%) 1~10 1 (7%)
Orth+MP+  Subj. | 14 (78%) 3~57 4 (22%) 1~16 -

Item | 14 (93%) 4-27 1 (7%) 3 -
Closure | Orth-MP-  Subj. | 1(5%) 0.6 - - 20 (95%)
voicing Item 1 (7%) 0.7 - - 14 (93%)
(cycles) | Orth-MP+  Subj. | 10 (48%) | 0.7~3.4 - - 11 (52%)
Item | 9(60%) | 0.7~1.4 - - 6 (40%)
Orth+MP-  Subj. | 12 (67%) | 0.8~9.2 g . 6 (33%)

Item | 15(100%) | 1.1~2.8 - - -
Orth+MP+  Subj. | 12 (67%) | 0.7~9.8 g . 6 (33%)

Item | 15(100%) | 1.6~3.2 - - -

Results for the parameter of preceding vowel duration in individual subjects and
items are shown in Figure 36 (monosyllabic, by-subject), Figure 37 (monosyllabic, by-
item), Figure 38 (disyllabic, by-subject), and Figure 39 (disyllabic, by-item). As before,
scores above zero (outside of the boxes) indicate longer vowels before voiced consonants

(which is the expected direction).
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Preceding V duration (diff. scores; sec)
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Figure 36: Preceding V duration in fricative-final monosyllabic non-MPs - By-subject means.
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Figure 37: Preceding V duration in fricative-final monosyllabic non-MPs - By-item means.
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Figure 38: Preceding V duration in fricative-final disyllabic non-MPs - By-subject means
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Figure 39: Preceding V duration in fricative-final disyllabic non-MPs - By-item means.
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Individual results for the parameter of frication duration are shown in Figure 40
(monosyllabic, by-subject), Figure 41 (monosyllabic, by-item), Figure 42 (disyllabic, by-
subject), and Figure 43 (disyllabic, by-item). Values below zero (outside of the boxes)

indicate longer frication for voiceless sounds (which is expected).
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Figure 40: Frication duration in fricative-final monosyllabic non-MPs - By-subject means.
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Figure 41: Frication duration in fricative-final monosyllabic non-MPs - By-item means.
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Figure 42: Frication duration in fricative-final disyllabic non-MPs - By-subject means.
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Figure 43: Frication duration in fricative-final disyllabic non-MPs - By-item means.
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Results for the parameter of closure voicing are shown in Figure 44
(monosyllabic, by-subject), Figure 45 (monosyllabic, by-item), Figure 46 (disyllabic, by-
subject) and Figure 47 (disyllabic, by-item). Scores above zero (outside of the boxes)

denote more phonetic voicing for underlyingly voiced segments (which is expected).
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Figure 44: Closure voicing in fricative-final monosyllabic non-MPs - By-subject means.
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Figure 45: Closure voicing in fricative-final monosyllabic non-MPs - By-item means.
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Closure voicing (diff. scores; cycles)
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Figure 46: Closure voicing in fricative-final disyllabic non-MPs - By-subject means.
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Figure 47: Closure voicing in fricative-final disyllabic non-MPs - By-item means.
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3.4.3.3. Summary

For fricative-final monosyllabic and disyllabic words without minimal pair
competitors in the lexicon (e.g., /nos/ ‘nose’, /arbuz/ ‘watermelon’; */noz/ and */arbus/
are not existing words of Russian), group results show statistically significant differences
in the parameters of frication duration and closure voicing. For frication duration, the
period of high frequency noise is up to 13 ms longer for underlyingly voiceless final
segments in both monosyllables and disyllables and the observed differences are
independent of experimental group membership. For closure voicing, up to 1.52 cycles
more glottal pulsing is seen for phonologically voiced fricatives in both monosyllabic and
disyllabic words. However, closure voicing also shows an effect of task-dependent
factors, such that significantly more glottal pulsing for phonologically voiced fricatives is
found only when experimental methodology specifically favours preservation of the
underlying contrast (i.e., in the Orth-MP+, Orth+MP- and Orth+MP+ groups but not the
Orth-MP- group). For both monosyllabic and disyllabic tokens, preceding vowel duration
shows only small and non-significant differences, and effects of consonantal place of
articulation are also not significant.

Individual data reveal robust between-speaker and between-item variability in
frication duration. Depending on word length in syllables, voiceless fricatives are up to
67 ms longer in as many as 86% of speakers and, depending on the experimental group,
in 60% to 100% of item pairs. The opposite pattern of up to 27 ms longer frication noise
for underlyingly voiced fricatives is seen in up to 27% of subjects and 40% of word pairs.

Notably, variability in frication duration is found across all 4 experimental groups, with
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many mean values also being low (e.g., I ms). Unlike frication duration, closure voicing
shows a clear group-dependent asymmetry. More closure voicing for underlyingly voiced
fricatives is observed in 48% to 95% of participants and 60% to 100% of item pairs in the
Orth-MP+, Orth+MP- and Orth+MP+ groups. However, the same pattern is present in
only 5% of speakers and no more than 13% of stimuli pairs in the Orth-MP- group.
Section 3.4.4. below presents the results of the post-test questionnaire which examined

the influence of study goal awareness on the acoustic differences found in production.

3.4.4. Post-Test Questionnaire
3.4.4.1. Results

The post-test questionnaire showed that the general goal of the study (i.e.,
investigating the voicing contrast in word-final obstruents) became known to one subject
in the Orth-MP- group (5%), 4 subjects in the Orth-MP+ group (29%), 4 subjects in the
Orth+MP- group (22%), and 14 speakers in the Orth+MP+ group (78%). When asked to
illustrate the pattern that was being investigated, these participants stated that the study
examined the pronunciation of word-final obstruents and/or provided examples of
minimally contrasting item pairs from the stimulus list (e.g., /kot/ ‘cat’ ~ /kod/ ‘code’).
The remaining subjects indicated that the experiment aimed to investigate general
knowledge of the Russian lexicon (14 speakers in the Orth-MP- group, 67%; 12 speakers
in the Orth-MP+ group, 57%; one speaker in the Orth+MP+ group, 5%), dialectal
variation in the pronunciation of words in general (11 speakers in the Orth+MP- group,

61%), pronunciation of unstressed vowels (one speaker in the Orth-MP- group, 5%),
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reading skills (3 speakers in the Orth+MP- group, 17%; 3 speakers in the Orth+MP+
group, 17%) or did not identify any goals or patterns (5 participants in the Orth-MP-
group, 24%; 3 speakers in the Orth-MP+ group, 14%).

Table 17 presents the findings of the regression analyses that aimed to predict the
production differences in preceding vowel duration, closure/frication duration, release
duration and closure voicing on the basis of speakers’ awareness of the goal of the study.
In the table, the values in brackets show the amount of variance in voicing-dependent

differences that can be accounted for by study goal awareness.

Table 17: Effect of experimental goal awareness on acoustic difference scores -
Results of regression analyses

Plosive-final Fricative-final
Acoustic
Measure Monosyll. | Monosyll. Disyll. Monosyll. Disyll.
MPs non-MPs non-MPs | non-MPs | non-MPs

Vowel ) ) ) i )
duration
Closure/frication ) i ) i i
duration
Release e ) ) i )
duration (6.4%)
Closure ksk sksk sksksk sk %
voicing (11.8%) (10.5%) (15.9%) (8.5%) (6.3%)

* - significant @ .05 level
** - significant @ .01 level
*#%* _ significant @ .001 level

As depicted in the table, speakers’ awareness of the phonological contrast under

investigation could not predict the difference scores in either closure/frication duration or
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preceding vowel duration (all 8s<.15, all [¢|s<1.5, all R*s<.02, all Fs<I, all ps>.1) but it
could predict the scores for the parameters of closure voicing and release duration.

For release duration, study goal awareness predicted difference scores in plosive-
final minimal pairs only (Maware=10 ms, Mynaware=5 ms) and could account for 6.4% of the
observed variance (minimal pairs: §=-.252, #76)=-2.72, R*=.064, F(1, 76)=5.16, p<.05;
non-minimal pairs: all £s<.15, all |¢|s<1.5, all R’s<.02, all Fs<1, all ps>.1). For closure
voicing, speakers’ awareness of the goal of the study predicted between 6.3% and 15.9%
of variance for all 5 stimuli types (plosive-final minimal pairs: =343, #76)=3.18,
R’=.118, F(1, 76)=10.13, p<.01; plosive-final monosyllabic non-minimal pairs: =.324,
1(76)=2.99, R*=.105, F(1, 76)=8.94, p<.01; plosive-final disyllabic non-minimal pairs:
=398, 1(76)=3.78, R2=.159, F(1, 76)=14.33, p<.001; fricative-final monosyllabic non-
minimal pairs: =292, #76)=2.66, R*=.085, F(l, 76)=7.06, p=01; fricative-final
disyllabic minimal pairs: f=.250, #76)=3.19, R*=.063, F(1, 76)=5.07, p<.05). Mean
closure voicing difference scores across the two awareness conditions (aware, unaware)
are shown in Figure 48 below. In the figure, ‘m’ and ‘d’ stand for ‘monosyllabic’ and

‘disyllabic’, respectively.
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Figure 48: Effect of study goal awareness on closure voicing difference scores

3.4.4.2. Summary

Results of the post-test questionnaire show that the exact goal of the study became
apparent to the majority of those participants who were exposed to orthographic forms as
well as full minimal pairs during the recording session (i.e., 78% of the speakers in the
Orth+MP+ group). In comparison, no more than 29% of speakers in the remaining 3
groups could correctly identify the topic of investigation, with the lowest number (5%,
1.e. one participant) observed in the case of the Orth-MP- group that performed a non-
reading task and did not encounter any minimal pairs among the stimuli. Furthermore,
regression analyses reveal that speaker’s awareness of final devoicing being the
phenomenon of interest can significantly predict the overall magnitude of the production
differences in the amount of glottal pulsing and, to a lesser extent, the voicing-dependent

differences in release duration, although the observed R” scores are generally low.
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3.4.5. General Summary

Overall, production results reveal the presence of statistically significant effects of
underlying voicing on the acoustic parameter of glottal pulsing and, for a subset of
stimuli, on closure/frication duration and release duration but not for the cue of preceding
vowel duration. Differences in closure/frication duration and release duration are
observed independently of the orthographic nature of the experimental task and
regardless of whether or not full minimal pairs are included among the stimuli. Both
parameters also show substantial individual-level variability in the degree and direction
of the observed effects, with many speakers and experimental items demonstrating only
small differences or unexpected patterns. Unlike the results for consonantal duration,
differences in closure voicing are found at the group level only when experimental
methodology specifically encourages preservation of the underlying contrast, and these
differences are also robust and consistent at the individual level. Perceptual aspects of the
voicing-dependent cues found in production are examined in Chapter 4 that follows. A

detailed discussion of the experimental findings is given in Chapter 5.
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CHAPTER 4: PERCEPTION STUDY
4.1. Introduction
Chapter 4 presents the perception module of the current doctoral research. The
chapter describes the goals, research questions and hypotheses of the perception
experiment (Section 4.2.), experimental design (Section 4.3.), and results of the

investigation (Section 4.4.).

4.2. Goals, Research Questions and Hypotheses
4.2.1. Aims of the Study
Perceptual aspects of the voicing contrast in word-final obstruents in Russian are
examined in the current thesis in a series of forced-choice two-alternative identification
tasks. The general goal of the perception study is to determine how identification of
intended voicing (rates of voiced responses and reaction times) varies across the stimuli
produced with and without methodological factors favouring preservation of the

underlying contrast.

4.2.2. Research Questions

The specific research questions that are addressed in the perception study include:

R1: When identifying the intended voicing setting of word-final obstruents, do the
rates of voiced responses and/or reaction times show statistically significant

effects of underlying voicing?
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R2: If effects of underlying voicing are attested, is there a significant asymmetry in
the rates of voiced responses and/or reaction times between the tokens produced

by the Orth-MP-, Orth-MP+, Orth+MP-, and Orth+MP+ groups?

R3: Are the effects seen in perception consistent across all stimuli types (i.e., found
irrespective of the consonantal place and manner of articulation, word length in

syllables, and availability of potentially homophonous lexical competitors)?

R4: Can the observed rates of voiced responses be predicted on the basis of the
acoustic differences seen in production for the parameters of preceding vowel

duration, closure/frication duration, release duration and/or closure voicing?

4.2.3. Hypotheses

Perception findings are expected to show that Russian listeners show limited
identification accuracy (a voiceless bias) and that their performance differs across the
tokens elicited from the 4 production groups. Higher rates of voiced responses to
underlyingly voiced final obstruents are anticipated for the items recorded during word-
reading and/or with full minimal pairs present among the stimuli (i.e., the tokens with
robust closure voicing cues). The same rates of voiced responses to phonologically
voiced segments are hypothesized to be lower for the items elicited during picture-
naming/word-guessing and without full minimal pairs included among the stimuli (i.e.,

the tokens with non-significant or limited phonetic voicing cues). When modeling the
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observed rates of voiced responses, glottal pulsing is expected to be identified as the most
prominent predictor variable across all stimuli types.

If perception findings are as expected, they will confirm that Russian listeners’
identification responses are based primarily on the parameter of glottal pulsing, which is
a task-dependent cue in production, and that identification of intended voicing is less
consistent with phonological specifications in the absence of robust differences in
phonetic voicing. These results will corroborate the claim that factors related to
experimental methodology can affect not only the production of voicing cues in word-

final obstruents but also the subsequent perception of the contrast.

4.3. Method

4.3.1. Participants and Location

A total of 216 native speakers of Russian took part in the perception study (84
male, 132 female; 18 to 37 years old; mean age of 22; none took part in the production
study). All participants were undergraduate and graduate university students or
postdoctoral researchers in Perm, Russia. They were recruited and tested at a university
campus. None majored in linguistics or a related field, and all spoke the same local
variety of Russian. The majority of participants (n=190) identified themselves as
monolingual. The remaining speakers (n=26) were raised in bilingual households
(Russian and Komi, Tatar or Udmurt) but reported using only the Russian language

actively in their daily lives. All participants indicated having low to average proficiency
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in at least one foreign language (English, French, German, Spanish). None of the subjects

self-reported any hearing, visual, or other language-related problems.

4.3.2. Stimuli and Experimental Groups

Perceptual test items were created on the basis of the 150 stimuli words elicited in
the production study. Acoustic data from all 78 speakers were included. For plosive-final
monosyllabic minimal pairs, perceptual tokens corresponded to entire wordforms and
final rhymes only (e.g., both /kot/ and /ot/ were used for /kot/ ‘cat’). For all other items,
test tokens were based on final rthymes (i.e., using /at/ from /brat/ ‘brother’, /uz/ from
/arbuz/ ‘watermelon’). Rhyme-only tokens always started with the steady-state part of the
vowel. All stimuli were normalized for volume using an automated PRAAT script, and
each item was coded with respect to which production group it originated from (i.e.,
Orth-MP-, Orth-MP+, Orth+MP-, Orth+MP+).

Considering the large number of tokens in the perception study (n=12,528),
participants were divided into 4 experimental groups and, within each group, into 3 sub-
groups (on the basis of consonantal place of articulation). Listeners assigned to Group 1
(n=54; 18 per place of articulation) were exposed to full wordforms representing
plosives-final monosyllabic minimal pairs (e.g., listening to /kot/ ‘cat’, /kod/ ‘code’).
Subjects from Group 2 (n=54; 18 per place of articulation) listened to the same
wordforms as Group 1 but heard final rhymes only (e.g., listening to /ot/ and /od/ excised
from /kot/ ‘cat’ and /kod/ ‘code’). Participants in Group 3 (n=54; 18 per place of

articulation) heard final rhymes of monosyllabic and disyllabic plosive-final non-minimal
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pairs (e.g., listening to /at/ from /brat/ ‘brother’, /ad/ from /parad/ ‘parade’). Group 4
(n=54; 18 per place of articulation) heard final rhymes of fricative-final monosyllabic and
disyllabic items (e.g., /uz/ from /muz/ ‘husband’, /os/ from /kakos/ ‘coconut’). For the
latter two groups, each participant heard half of all rthymes from monosyllabic and
disyllabic wordforms, with the selection of tokens counter-balanced across subjects.

A general summary of experimental groups and test items is provided in Table 18.

Table 18: Experimental groups & stimuli items (perception) - Summary.

Final Num. of | Num. of
Group Token type Length Cs tokens subjects
/p, b/ 575 18
plosive-final MPs L&
1 (entire words) monosyllabic | /t,d/ 573 18
(e.g., /kot/~/kod/) /K, of 570 18
plosive-final MPs p, b/ >75 18
2 (final rhymes) monosyllabic | /t, d/ 573 18
.g. fi k
(e.g., /od/ from /kod/) . g/ 570 13
/p, b/ 1,512 18
plosive-final non-MPs monosyllabic (756 per subj.)
3 (final thymes) & /t, d/ 1,520 18
(e.g., /at/ from /brat/) dlsyllablc (760 per subj.)
/k, g/ 1,516 18
(758 per subj.)
/£, v/ 1,504 18
fricative-final non-MPs monosyllabic (752 per subj.)
4 (final rhymes) & /s, z/ 1,526 18
(e.g., /uz/ from /mu3z/) disyllabic (763 per subj.)
/1, 3/ 1,514 18
(757 per subj.)
Total: 12,528 216
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4.3.3. Procedures

Participants performed a forced-choice two-alternative identification task. Stimuli
items were delivered auditorily via headphones. One token was presented at a time, with
two alternative orthographic representations of each stimulus displayed concurrently on a
computer screen in front of the listener. The two choices always differed minimally with
respect to the final consonant. Upon presentation of each token, subjects were instructed
to indicate which of the two choices corresponded to the auditory stimulus by pressing
one of two designated buttons on a computer keyboard. Response times and types of
responses were recorded for analyses. The next token was presented 1 sec after a
response was registered or after a 3 sec time-out if no response was given. Perceptual
tokens were presented in blocks (n=5) and were grouped by the minimal pair or the
rhyme. To mitigate the potential effects of presentation sequencing, the order of blocks
was counter-balanced across participants and the order of stimuli items was randomized
within each block. Subjects took short breaks throughout the experimental session which
lasted approximately one hour. Prior to the start of the experiment, all participants

provided informed consent and filled out a linguistic background questionnaire.

4.3.4. Instruments
The DMDX software package (Forster & Forster, 2003) was used to present the
auditory stimuli and to record participants’ responses (type of response, reaction time).

Stimuli items were delivered binaurally via over-ear Sennheiser headphones. The two
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arrow keys on a computer keyboard were used to register response type and latency.

Assignment of keys was counter-balanced across subjects.

4.3.5. Data Treatment and Analyses

Only those responses that were given after the offset of the acoustic signal and
were within 3 standard deviations of each participant’s mean were retained for analyses.
Mean rates of voiced responses (%-voiced) and response times were calculated and
entered as dependent variables into a series of RM ANOVAs. Independent predictors are

listed in (8) below, with factor levels specified inside brackets.

(8) Predictor variables
(1) UR-voice (=underlying voicing; voiced, voiceless);
(i1))  C-place (=place of articulation; labial, coronal, dorsal);

(iii))  P-group (=production group; Orth-MP-, Orth-MP+, Orth+MP-, Orth+MP+).

Analyses of variance were performed on pooled data using both by-subject and
by-item designs. Only those differences that met the F; X F, Criterion were taken to be
statistically significant. In F; analyses, UR-voice and P-group were within-subjects
predictors. C-place was a between-subjects factor. In F, analyses, P-group was a within-
items predictor. UR-voice and C-place were between-items independent factors. Separate
2 (UR-voice) x 3 (C-place) x 4 (P-group) analyses were conducted for each dependent
variable and each token type using the IBM SPSS Statistics software package (Version

19; www.ibm.com). The ANOVAs tested for all main effects and interactions. When

162



applicable, pairwise comparisons (t-tests, 2-tailed) were used to resolve significant main
effects and interactions and Greenhouse-Geisser or Bonferroni corrections were applied
to account for multiple comparisons.

The relationship between participants’ perceptual judgments and the acoustic
measurements obtained in the production study was examined in a series of (stepwise)
regressions. Regression analyses aimed to predict the mean rates of voiced responses on
the basis of voicing-dependent differences in the acoustic parameters of preceding vowel
duration, closure/frication duration, release duration, and closure voicing. Separate

analyses were performed for each type of perceptual stimuli.

4.4. Results
Perception results are presented in the following order: (i) plosive-final minimal
pairs (Section 4.4.1.), (i1) plosive-final non-minimal pair items (Section 4.4.2.), and (iii)
fricative-final non-minimal pairs (Section 4.4.3.). Each section contains the findings for
the rate of voiced responses, reaction time data, and a summary of the observed effects.
Identification findings are followed by the results of regression modeling (Section 4.4.4.)
and a general summary of the observed effects (Section 4.4.5.). Discussion of the

findings is provided in Chapter 5.

4.4.1. Plosive-Final Minimal Pairs
Table 19 provides group averages and 95% confidence intervals for the rates of
voiced responses and reaction times to plosive-final monosyllabic minimal pairs

(listening to full wordforms and final rhymes). As reflected in the table, only the
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differences in the rates of voiced responses (but not reaction times) are statistically

significant.

Table 19: Rates of voiced responses and reaction times to full word tokens and final rhymes
of plosive-final monosyllabic MPs - Group means & 95% confidence intervals.

Full wordforms Final rhymes
Measure
Voiced Voiceless diff. Voiced | Voiceless diff.
9% -voiced 44.0 27.7 16.3 43.0 27.1 15.9
(41.1-46.9) | (24.4-31.1) (39.6-46.4) | (23.2-31.1)
RT (ms) 479 481 -2 495 486 9
(97-104) (99-106) (460-530) | (452-520)

* - significant @ .05 level
** - significant @ .01 level
*** _ significant @ .001 level

4.4.1.1. Rate of Voiced Responses

Table 20 provides a summary of the significant ANOVA results for the rates of

voiced responses to plosive-final monosyllabic minimal pairs.*

%% The table shows significant main effects and interactions involving UR-voice. Detailed results are
provided in Appendix 9.
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Table 20: Rates of voiced responses to full word tokens and final rhymes of plosive-final
monosyllabic MPs - Summary of the significant ANOVA results.

Full wordforms Final rhymes
Factor By-Subject By-Item By-Subject By-Item
Fy P F, 14 Fy 14 F, )4
UR-voice 660.09 | .000 | 173.68 | .000 | 465.23 | .000 | 197.63 | .000
C-place - - 4.26 .026 - - 7.36 .003
P-group 15.25 | .000 3.85 .016 | 17.12 | .000 5.65 .002
UR-voice
45.16 | .000 | 12.12 | .000 | 37.82 | .000 | 16.87 | .000
x C-place
UR-voice
66.13 | .000 | 13.23 .000 | 43.40 | .000 | 13.98 | .000
x P-group
UR-voice
x C-place 7.81 .000 - - - - - -
x P-group

As noted in Table 20, a significant main effect of UR-voice was observed for both full-
word and rhyme-only stimuli items (full words: F;(1,51)=660.09, p<.001;
F5(1,24)=173.68, p<.001; rhymes: F(1,51)=465.23, p<.001; F>(1,24)=197.63, p<.001).
A main effect of P-group was also found for the two token types (full words:
Fi1(1,51)=15.25, p<.001; F»(1,24)=3.85, p=.016; rhymes: (Fi(1,51)=17.12, p<.001;
F>(1,24)=5.65, p=.002), and pairwise comparisons revealed that responses to the tokens
produced by the Orth+MP+ group were significantly different from responses to the items
elicited from all other production groups (all ps<.05).

Furthermore, a significant UR-voice x P-group interaction was also found for both
stimuli types (full words: F(1,51)=66.13, p<.001; F,(1,24)=13.23, p<.001; rhymes:
F1(1,51)=43.40, p<.001; F»(1,24)=13.98, p<.001). Pairwise comparisons showed that all

within-group differences in the rates of voiced responses to voiced versus voiceless
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obstruents were significant (all ps<.001). For full words, significantly fewer voiced
responses to items with phonologically voiceless final plosives were also found in the
case of the tokens produced by the Orth+ groups compared to the Orth- groups (all
ps<.01). For rhyme-only stimuli, the rate of voiced responses for voiceless final stops
was significantly higher for the items elicited from the Orth-MP- group compared to all
other groups (all ps<.01). For both types of stimuli items, between-group differences in
the rates of voiced responses to tokens with underlyingly voiced final stops were
significantly different (all ps<.05) with the exception of the Orth-MP- and Orth-MP+ pair
(p>.1). By-group means of voiced responses are shown in Figure 49 (full words) and

Figure 50 (final rhymes).

100 , Response type (%6-voiced)

90 A
80
70
60 -

51.3

Owvls

W voi

20 A 44.6
38.6 41.4

40
30 -
20 -
10

Orth-MP- Orth-MP+ Orth+MP-  Orth+MP+

Figure 49: Rates of voiced responses to full word tokens of plosive-final MPs -
By-group (production) means.
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Figure 50: Rates of voiced responses to final rhymes of plosive-final MPs -
By-group (production) means.

For either full or truncated perceptual tokens, a main effect of C-place was
observed only in by-item analyses (all Fs<l, all ps >.1; all F>s>4, all ps<.05). A
significant UR-voice x C-Place x P-group interaction was also found for full word tokens
only in the by-subject ANOVA (F, >7, p<.001; F»<2, p>.1). However, a significant
interaction of UR-voice and C-place was observed in both F} and F, analyses for full
words as well as final rhymes (full words: F(2,51)=45.16, p<.001; F»(2,24)=12.12,
p=.005; rhymes: F(2,51)=37.82, p<.001; F»(2,24)=13.98, p<.001). For both stimuli
types, pairwise comparisons indicated that differences in responses to underlyingly
voiced versus voiceless final obstruents were significant within each place of articulation
(all ps<.001). At the same time, perceptual items with voiceless velar plosives received
significantly fewer voiced responses than tokens ending in labial or coronal stops (all

ps<.001). More tokens with underlyingly voiced final stops were also attributed to the
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voiced category in the case of velars than labials (all ps<.01). Mean values of voiced
responses across the 3 places of articulation are shown in Figure 51 (full words) and

Figure 52 (final rhymes).

100 - Response type (%-voiced)
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Figure 51: Rates of voiced responses to full word tokens of plosive-final MPs - By-place means.
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Figure 52: Rates of voiced responses to final rhymes of plosive-final MPs - By-place means.
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The remaining interactions were not significant according to the F; x F, Criterion

(all F»s<3, all ps >.05).

4.4.1.2. Reaction Times

Significant ANOVA results for reaction times to plosive-final monosyllabic

minimal pairs are listed in Table 21.%

Table 21: Reaction times to final rhymes of plosive-final monosyllabic MPs -

Summary of the significant ANOVA results.

Full wordforms Final rhymes

Factor By-Subject By-Item By-Subject By-Item

I, D F, D I, D F, D
UR-voice - - - - 8.54 .005 - -
C-place - - 23.57 .000 - - 13.58 | .000
P-Group 7.30 .000 - - 12.40 | .000 5.31 .005
UR-voice
x C-place 3.89 .027 - - - - - -

As can be seen in the table above, a main effect of UR-voice was not significant for full

word items (all Fs<lI, all ps>.1) and was observed for final thymes only in the by-subject

data (F1>8, p<.01; F»,<2, p>.1). A main effect of P-group was significant for final rhymes

only (final rhymes: F(1,51)=12.40, p<.001; F»(1,24)=5.31, p=.005; full words: F;>7,

p<.001; F»<3, p>.05). Pairwise comparisons revealed that responses to the rhyme-only

tokens produced by the two Orth- groups were slower than responses to the items from

*7 The table lists significant main effects and interactions involving UR-voice. Detailed results are provided

in Appendix 9.
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the Orth+MP+ group (all ps<.05). Mean reaction times across the 4 production groups are

shown in Table 22 (listening to final rhymes).

Table 22: Reaction times to final rhymes of plosive-final monosyllabic MPs - By-group
means & 95% confidence intervals.

Production group
Measure | Grth- | Orth- | Orth+ | Orth+
MP- MP+ MP- MP+
RT (ms) 499 494 486 482
(464-535) | (460-529) | (451-521)| (448-516)

Main effect of C-place was observed for reaction times only in by-item analyses
for either full or truncated tokens (all F;s<3, all ps >.05; all F»s>13, all ps<.001). C-place
interacted with UR-voice for full word items only in the by-subject ANOVA (F>3,
p<.05; F»<1, p>.1). None of the remaining interactions met the F; x F, Criterion (all

F»s<3, all ps >.05).

4.4.1.3. Summary

Overall, when listening to perceptual tokens created on the basis of plosive-final
monosyllabic minimal pairs (e.g., /kot/ ‘cat’, /kod/ ‘code’), speakers of Russian attributed
27~28% of all items ending in voiceless stops and 43~44% of tokens with voiced final
plosives to the voiced category. However, full-word and rhyme-only tokens produced by
the two Orth+ groups received 3~4% fewer voiced responses to underlyingly voiceless
final segments and 11~13% more voiced responses to phonologically voiced final stops

compared to the items produced by the two Orth- groups. For both full and truncated
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stimuli, the highest rate of voiced responses for items with voiced final stops (51%) is
found when the tokens come from the Orth+MP+ production group. In addition, items
ending in velar plosives show higher rates of voiced responses to underlyingly voiced
stops and lower rates of voiced responses to phonologically voiceless plosives, and up to
18 ms longer reaction times are observed for both voiced and voiceless tokens for the
rhyme-only items produced by the two Orth- groups compared to the stimuli from the
Orth+MP+ group. Section 4.4.2. below shows that similar results were obtained for
perceptual tokens excised from plosive-final monosyllabic and disyllabic non-minimal

pair items.

4.4.2. Plosive-Final Non-Minimal Pairs

Group means and 95% confidence intervals for the rates of voiced responses and
reaction times to plosive-final monosyllabic and disyllabic non-minimal pairs are shown
in Table 23. As noted in the table, differences in response types but not response latencies

are statistically significant.

Table 23: Rates of voiced responses & reaction times to final rhymes of plosive-final
non-MPs - Group means & 95% confidence intervals.

Monosyllabic Disyllabic
Measure
Voiced Voiceless diff. Voiced | Voiceless diff.
o voiced 434 26.4 177 425 27.7 148"
(40.0-46.8) (24.4-31.1) (39.0-46.0) (23.4-31.9)
491 486 5 490 486 4
RT (ms) (457-526) | (451-521) (455-526) | (453-519)
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4.4.2.1. Rate of Voiced Responses

Table 24 summarizes the significant ANOVA results for the rates of voiced

responses to final rhymes of plosive-final non-minimal pairs.*®

Table 24: Rates of voiced responses to final rhymes of plosive-final non-MPs -
Summary of the significant ANOVA results.

Monosyllabic Disyllabic
Factor By-Subject By-Item By-Subject By-Item
F, p F, 4 Fy p F, p

UR-voice 393.60 | .000 | 174.08 | .000 | 253.18 | .000 | 94.95 | .000
C-place - - 5.14 .014 - - 6.03 .008
P-Group 7.37 .000 3.61 .024 12.14 | .000 5.76 .002
UR-voice 27.61 |.000 | 11.95 .000 | 23.15 | .000 8.28 .002
x C-place

UR-voice 18.28 | .000 9.57 .000 | 25.40 | .000 | 12.12 | .000
x P-group

As can be seen above, analyses of variance revealed a significant main effect of UR-
voice for the tokens excised from both monosyllables and disyllables (monosyllabic:
F1(1,51)=393.60, p<.001; F>»(1,24)=174.08, p<.001; disyllabic: F;(1,51)=253.18, p<.001;
F>(1,24)=94.95, p<.001). A main effect of P-group was also found for both types of
stimuli items (monosyllabic: F(1,51)=7.37, p<.001; F»(1,24)=3.61, p=.024; disyllabic:
F1(1,51)=12.14, p<.001; F»(1,24)=5.76, p=.002), and pairwise comparisons showed that
responses to the Orth+MP+ tokens were significantly different from responses to test

items from all other production groups (all ps<.05).

** The table shows significant main effects and interactions involving UR-voice. Detailed results are
provided in Appendix 10 (monosyllables) and Appendix 11 (disyllables).
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In addition, a significant UR-voice x P-group interaction was present for both
types of stimuli (monosyllabic: F;(1,51)=18.28, p<.001; F>(1,24)=9.57, p<.001;
disyllabic: F(1,51)=25.40, p<.001; F»(1,24)=12.12, p<.001). Pairwise comparisons
revealed that all within-group differences in the rates of voiced responses to voiced
versus voiceless categories were significant (all ps<.001). At the same time, significantly
more voiced responses to underlyingly voiceless final plosives were found for
monosyllable-based tokens from the Orth-MP- production group compared to all other
groups (all ps<.01) and for disyllable-based items from the Orth-MP- group compared to
the Orth+MP+ group (p<.01). For items ending in phonologically voiced stops, more
voiced responses were observed in the case of monosyllable-based rhymes produced by
the Orth+MP+ group compared to any other group (all ps<.01). The same difference was
significant for the final rhymes of disyllables in all pairwise comparisons (all ps<.05)
except the Orth-MP- and Orth-MP+ pair (p>.1). Mean rates of voiced responses across
the 4 production groups are shown in Figure 53 (monosyllables) and Figure 54

(disyllables).
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Figure 53: Rates of voiced responses to final rhymes of plosive-final monosyllabic non-MPs -
By-group (production) means.
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Figure 54: Rates of voiced responses to final rhymes of plosive-final disyllabic non-MPs -
By-group (production) means.
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Main effect of C-place was significant for response types only in by-item analyses
regardless of whether the tokens were created from monosyllables or disyllables (all
Fis<1, all ps >.1; all F»s>5, all ps<.05). However, the UR-voice x C-place interaction
was significant for both types of stimuli items (monosyllables: F(2,51)=27.61, p<.001;
F5(2,24)=11.95, p=.005; disyllables: F(2,51)=23.15, p<.001; F»(2,24)=8.28, p=.002).
Pairwise comparisons showed that the differences in responses to underlyingly voiced
versus voiceless final plosives were significant within each place of articulation (all
ps<.001), yet voiceless velar stops received significantly fewer voiced responses than
voiceless labials or voiceless coronals (all ps<.01). More underlyingly voiced velar
plosives were also classified as voiced compared to labial stops (all ps<.01). Mean values
of voiced responses across the 3 places of articulation are provided in Figure 55

(monosyllables) and Figure 56 (disyllables).
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Figure 55: Rates of voiced responses to final rhymes of plosive-final monosyllabic non-MPs
- By-place means.
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Figure 56: Rates of voiced responses to final rhymes of plosive-final disyllabic non-MPs - By-
place means.

The rest of the interactions did not meet the criterion of statistical significance (all

F»s<3, all ps >.05).

4.4.2.2. Reaction Times

For the dependent variable of reaction times, results of the analyses of variance

are summarized in Table 25.%°

Table 25: Reaction times to final rhymes of plosive-final non-MPs -
Summary of the significant ANOVA results.

Monosyllabic Disyllabic
Factor By-Subject By-Item By-Subject By-Item
F, p F, p F, p F, p
C-place - - 11.46 | .000 - - 20.94 | .000
P-Group 7.20 .000 5.35 .005 - - - -

%% Table 25 shows significant main effects and interactions with UR-voice. Detailed results are provided in
Appendix 10 (monosyllables) and Appendix 11 (disyllables).
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As reflected in the table, a main effect of UR-voice was not observed for either
monosyllable-based or disyllable-based rhymes (all Fs<2, all ps>.1). A main effect of P-
group was found for final rhymes of monosyllables only (F(2,51)=7.20, p<.001;
F>(2,24)=5.35, p=.005). Pairwise comparisons showed that responses to the tokens
produced by the two Orth- production groups were significantly slower than responses to
the items elicited from the Orth+MP+ group (all ps<.01). Mean reaction times across the
4 production groups are shown in Table 26 (listening to tokens excised from

monosyllabic words).

Table 26: Reaction times to final rhymes of plosive-final monosyllabic non-MPs -
By-group means & 95% confidence intervals.

Production group
Measure Orth- Orth- Orth+ Orth+
MP- MP+ MP- MP+
501 491 486 477
RT(ms) | 4g5514) | asi-s02) | @71-500) | (465-488)

Main effect of C-place was observed for reaction times only in F; analyses for the
tokens created from either monosyllables or disyllables (all Fs<l1, all ps >.1; all F,s>5,
all ps<.05). None of the remaining interactions were significant in both by-subject and

by-item data (all F,s<3, all ps >.05).

4.4.2.3. Summary
For rhyme-only tokens excised from plosive-final monosyllabic and disyllabic

non-minimal pairs (e.g., /at/ from /brat/ ‘brother’, /ad/ from /parad/ ‘parade’),

177



identification results show that the overall rates of voiced responses are around 26~28%
for tokens ending in phonologically voiceless stops and 43~44% for items with
underlyingly voiced final plosives. Crucially, up to 5% more underlyingly voiceless stops
are attributed to the voiced category in the data from the Orth-MP- group compared to the
items produced by all other groups. For phonologically voiced final plosives, 2~5% fewer
tokens are identified as voiced in the stimuli from the two Orth- production groups
compared to the two Orth+ groups. The highest rates of voiced responses to tokens with
underlyingly voiced final stops (50~51%) are seen for the stimuli elicited from the
Orth+MP+ group. Additionally, items ending in velar plosives show higher rates of
voiced responses to voiced stops and lower rates of voiced responses to voiceless
plosives. Independently of underlying voicing, up to 24 ms longer listening times are
seen for the stimuli produced by the two Orth- groups compared to the items elicited
from the Orth+MP+ group. As shown in Section 4.4.3. that follows, comparable findings

were also obtained for fricative-final stimuli items.

4.4.3. Fricative-Final Non-Minimal Pairs

Table 27 provides mean values and 95% confidence intervals for the rates of
voiced responses and reaction times to final rhymes of fricative-final monosyllabic and
disyllabic non-minimal pairs. As reflected in the table, only the differences in the rates of

voiced responses are statistically significant.
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Table 27: Rates of voiced responses & reaction times to final rhymes of fricative-
final non-MPs - Group means & 95% confidence intervals.

Monosyllabic Disyllabic
Measure
Voiced | Voiceless diff. Voiced | Voiceless | diff.
o voiced 42.7 30.3 1247 424 29.8 12.6™
(40.2-452) | (27.3-332) (39.7-452) | (27.2-32.4)
477 474 3 478 472 6
RT (ms) (446-509) (440-507) (446-511) (438-506)

* - significant @ .05 level
** - significant @ .01 level
**% - significant @ .001 level

4.4.3.1. Rate of Voiced Responses
Significant ANOVA results for the rate of voiced responses to monosyllabic and

disyllabic fricative-final tokens are shown in Table 28.%

Table 28: Rates of voiced responses to final rhymes of fricative-final non-
MPs - Summary of the significant ANOVA results.

Monosyllabic Disyllabic
Factor By-Subject By-Item By-Subject By-Item
F, p F, p F, p F, p

UR-voice 241.23 | .000 | 38.60 | .000 | 232.28 | .000 | 32.51 | .000
P-Group 2.82 .044 - - - - - -
UR-voice

18.23 | .000 - - 20.145 | .000 - -
x C-place
UR-voice

29.53 | .000 | 1045 | .000 | 24.64 | .000 | 10.30 | .000
x P-group
UR-voice
x C-place 4.04 | .001 - - 7.20 .000 3.52 .007
x P-group

* Table 28 lists significant main effects and interactions involving UR-voice. Detailed results are provided
in Appendix 12 (monosyllables) and Appendix 13 (disyllables).
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As can be seen in the table, a significant main effect of UR-voice was found for the
tokens excised from monosyllabic as well as disyllabic wordforms (monosyllables:
F1(1,51)=241.23, p<.001; F»(1,24)=38.60, p<.001; disyllables: F(1,51)=232.28, p<.001;
F>(1,24)=32.51, p<.001). A main effect of P-group was observed for monosyllable-based
rhymes only in the by-item analysis (F>2.8, p<.05; F,<2, p>.1) and was never
significant for disyllable-based tokens (F1<2, p>.1; F»<1, p>.1).

Moreover, a significant UR-voice x P-group interaction was present for final
rhymes of monosyllables as well as disyllables (monosyllables: F;(1,51)=29.53, p<.001;
F5(1,24)=10.45, p<.001; disyllables: F(1,51)=24.64, p<.001; F>(1,24)=10.30, p<.001).
Pairwise comparisons demonstrated that all between-group differences in the rates of
voiced responses to phonologically voiced versus voiceless fricatives were significant (all
ps<.001). At the same time, significantly fewer voiced responses to underlyingly
voiceless final fricatives were found for monosyllable-based tokens produced by the
Orth+MP+ group compared to all other groups (all ps<.05). Furthermore, monosyllable-
based rhymes showed significantly different rates of voiced responses to phonologically
voiced final segments across all production groups (all ps<.05) except the Orth+MP- and
Orth+MP+ pair (p>.1). For disyllable-based items, the observed rates of voiced responses
to phonologically voiceless final stops were significantly different from each other in all
pairwise comparisons (all ps<.05) with the exception of the Orth-MP- and Orth+MP- pair
(p>.1). For the same tokens, differences in the rates of voiced responses to phonologically

voiced final fricatives were also significant in all pairwise comparisons (all ps<.05) other

180



than the Orth-MP- and Orth-MP+ pair (p>.1). Mean values of voiced responses across the

4 production groups are shown in Figure 57 (monosyllables) and Figure 58 (disyllables).

100 - Response type (%-voiced)

80 -
70
60 -
50 - 45.5 46.6 Ovls
37.9

4 voi
. 32.4 32.1 30.6 .

a0 - 26.0
20 -
10 -

Orth-MP- Orth-MP+ Orth+MP-  Orth+MP+

Figure 57: Rates of voiced responses to final rhymes of fricative-final monosyllabic non-MPs -
By-group (production) means.

100 . Response type (%-voiced)
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50 - 46.8 Ovls
39.4 39.9 i f
40 - 33.7 W voi

30 -
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10 A

Orth-MP- Orth-MP+ Orth+MP-  Orth+MP+

Figure 58: Rates of voiced responses to final rhymes of fricative-final disyllabic non-MPs - By-
group (production) means.
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For either monosyllable-based or disyllable-based items, a main effect of C-place
was not found in any of the analyses (all Fs<I, all ps>.1). A significant C-place x P-
group interaction was observed only in the case of perceptual items excised from
disyllabic words (£1(2,51)=7.20, p<.001; F»(2,24)=3.52, p=.007).41 The remaining main
effects and interactions were not significant according to the F; x F, Criterion (all F,s<3,

all ps >.05).

4.4.3.2. Reaction Times

Significant ANOVA results for the dependent variable of reaction times to

fricative-final tokens are shown in Table 29.*

Table 29: Reaction times to final rhymes of fricative-final non-MPs -
Summary of the significant ANOVA results.

Monosyllabic Disyllabic
Factor By-Subject By-Item By-Subject By-Item
F, p F, )4 F, P F, ¥4
C-place - - 3.91 .034 - - - -
P-Group - - - - 2.89 .042 - -
UR-voice
= - - - 3.62 .016 - -
x P-group

As depicted in the table, a main effect of UR-voice was not observed regardless of
whether the tokens were excised from monosyllabic or disyllabic items (all Fs<2.5, all

ps>.1). A main effect of P-group and a significant UR-voice x P-group interaction were

*I The significance of the interaction was due to the fact that coronal-final tokens produced by the Orth-
groups received fewer voiced responses regardless of underlying voicing (all ps<.01). Since this asymmetry
is not dependent on underlying voicing, it is outside of the scope of the present investigation.

* The table lists significant main effects and interactions involving UR-voice. Detailed results are provided
in Appendix 12 (monosyllables) and Appendix 13 (disyllables).
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found for disyllable-based tokens only in the by-subject ANOVAs (all F;s>2.8, all
ps<.05; all F»5<2.6, all ps>.05). The C-place factor showed a significant main effect for
final thymes of monosyllables only in the by-item test (<1, p>.1; F>>3, p<.05). None
of the remaining main effects and interactions were significant in both /', and F, analyses

(all F1s<3, all ps>.1).

4.4.3.3. Summary

For perceptual tokens excised from fricative-final monosyllabic and disyllabic
non-minimal pairs (e.g., /af/ from /grat/ ‘count’, /uz/ from /arbuz/ ‘watermelon’), the
overall rates of voiced responses are around 30% for phonologically voiceless fricatives
and 42~43% for underlyingly voiced consonants. At the same time, similarly to plosive-
final items, 4~9% fewer tokens with phonologically voiceless segments are attributed to
the voiced category in the data from the Orth+MP+ group, and up to 9% fewer tokens
containing phonologically voiced final fricatives are identified as voiced for the tokens
produced by the two Orth- groups. The highest rate of voiced responses to tokens with
underlyingly voiced final fricatives (47%) and the lowest rate of voiced responses to
rhymes ending in phonologically voiceless consonants (25~26%) are observed in the case
of final rhymes produced by the Orth+MP+ group. Unlike plosive-final stimuli, items
ending in fricatives do not show any place-dependent asymmetries, and no significant
effects are observed for reaction time latencies. Section 4.4.4. below presents the findings
of a series of regression analyses which investigated whether the observed rates of voiced

responses could be predicted on the basis of the acoustic differences found in production.
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4.4.4. Regression Modeling

4.44.1.

Results

Results of regression modeling are presented in Table 30. In the table, perception

findings are given alongside the production results for the same acoustic parameters.

Table 30: Effect of acoustic cues on mean rates of voiced responses -
Results of regression analyses

Acoustic Measure

Plosive-final

Fricative-final

Monosyll. | Monosyll. | Monosyll. Disyll. | Monosyll. | Disyll.
MPs MPs non-MPs | non-MPs | non-MPs |non-MPs
(full (final (final (final (final (final
words) rhymes) rhymes) rhymes) | rhymes) | rhymes)
Vowel Perception: * - - - - -
duration (1.7%)
Production: = = = = = -
(4 ms) (4 ms) (2 ms) (3 ms) (3 ms) (3 ms)
Closure/ Perception: - - - - - -
frication
duration
Production: Kk *k _ _ *okok sokok
(-7 ms) (-7 ms) (-2 ms) (-1 ms) (13 ms) (8 ms)
Release Perception: *okk Hkk sk ok _
duration (7.6%) (6.8%) (5.8)
Production: %ok *k _ _ n/a n/a
(-6 ms) (-6 ms) (-5 ms) (-1 ms)
Closure Perception: kokk skk ok skokk skokk kkk skokk
voicing (47.2%) (47.8%) (37.7%) (36.3%) (13.8%) | (14.2%)
Production: KoKk KoKk %ok kKK *okk KKk
(2.12) (2.12) (0.97) (0.94) (1.52) (1.32)
sksksk sksksk sksksk sksksk skskk sksksk
Regression model - (56.5%) | (54.6%) | (43.5%) | (36.3%) | (13.8%) | (14.2%)

total
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As shown in Table 30, up to 56.5% of the variance in the mean rates of voiced responses
to full-word tokens created on the basis of plosive-final monosyllabic minimal pairs
could be predicted on the basis of 3 acoustic parameters: closure voicing, release
duration, and preceding vowel duration. More specifically, production differences in the
amount of phonetic voicing could explain 47.2% of the observed variance (f=.687,
#(118)=10.28, p<.001; R*=.472, F(1,118)=105.65, p<.001). The addition of the acoustic
parameter of release duration increased the predictive ability of the regression model by
7.6% to 54.8% (£ 1=.628, t;,(117)=9.87, p<.001, [,=-281, t(117)=-4.42, p<.001,
R*=.548, F(2,117)=70.86, p<.001). With preceding vowel duration introduced as the third
predictor variable, the model accounted for 56.5% of the observed variance, which
represents an additional increase of 1.7% (£ ,=.631, #,(116)=10.08, p<.001, S,=-.282,
6(116)=-4.5, p<.001, f3=.133, t3(116)=2.17, p<.05; R*=.565, F(3,116)=50.31, p<.001).
Closure duration was not a significant contributor (|t|<1, p>.1).

In the case of rhyme-only stimuli items excised from plosive-final monosyllabic
minimal pairs, up to 54.6% of the variance in identification responses could be predicted
using the acoustic measurements of closure voicing and release duration. Closure voicing
alone accounted for 47.8% of the observed variance (f=.692, #118)=10.40, p<.001;
R*=.478, F(1,118)=108.19, p<.001). With release duration added as the second predictor,
the model improved by 6.8% and accounted for 54.6% of the variance (f=.635,
1(117)=9.96, p<.001, B,=-266, t(117)=-4.17, p<.001; R*=.546, F(2,117)=70.27,
p<.001). Neither preceding vowel duration nor closure duration contributed to the model

at a significant level (all |¢|s<1.5, all ps>.1).
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For tokens created on the basis of plosive-final monosyllabic non-minimal pairs,
regression modeling could account for up to 43.5% of the variance in identification
responses on the basis of closure voicing and release duration. Phonetic voicing
explained 37.7% of all variance (f=.614, #(118)=8.44, p<.001; R2=.377, F(1,118)=71.26,
p<.001). When release duration was tested as the second independent variable, the model
accounted for 43.5% of the variance, which is an enhancement of 5.8% (f,=.588,
1(117)=8.42, p<.001, B,=-243, t,(117)=-3.48, p=001; R*=.435, F(2,117)=45.01,
p<.001). The parameters of preceding vowel duration and closure duration were not
identified as significant contributors (all |¢|s<1.5, all ps>.1). For the tokens excised from
plosive-final disyllables, closure voicing significantly predicted 36.3% of the variance in
the mean rates of identification responses (f=.603, #118)=8.20, p<.001; R*=363,
F(1,118)=67.29, p<.001). None of the remaining acoustic cues enhanced the regression
model for disyllable-based items (all |¢|s<1.5, all ps>.1).

For perceptual tokens ending in fricatives, phonetic voicing was identified as the
only significant predictor variable. For items excised from monosyllabic wordforms,
closure voicing explained 13.8% of the variance in the rates of voiced responses
(8=.372, ((118)=4.35, p<.001; R*=.138, F(1,118)=18.95, p<.001). For disyllable-based
items, glottal pulsing accounted for 14.2% of the observed variance (£=.377,
((118)=4.43, p<.001; R*=142, F(1,118)=19.60, p<.001). Neither preceding vowel
duration nor frication duration contributed to the regression model for either

monosyllable-based or disyllable-based rhymes (all [t|s<1.5, all ps>.1).
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4.4.4.2. Summary

For the mean rates of voiced responses to final plosives, results of the regression
analyses show that the acoustic parameters of closure voicing, release duration and
preceding vowel duration can explain between 36.3% and 56.5% of the variance, with
closure voicing alone accounting for up to 47.8% of the observed effects. For fricative-
final items, closure voicing comes out as the only significant predictor and it explains
around 14% of the variance. Hence, phonetic voicing comes out as the single most
prominent predictor variable for all types of perceptual tokens. Preceding vowel duration,
closure/frication and release duration either fail to contribute to the regression model at a
statistically significant level (for plosive-final tokens excised from disyllables and for all

fricative-final items) or they enhance the statistical model by 1.7% to 7.6% only.

4.4.5. General Summary

Results of the perception study reveal limited identification accuracy, a voiceless
bias, and a statistically significant asymmetry in participants’ identification responses.
More underlyingly voiced segments are classified as voiced and more phonologically
voiceless segments are judged to be voiceless when perceptual tokens are elicited during
word-reading or with potentially homophonous items included in the stimuli lists. In
contrast, listeners’ responses are less consistent with underlying voicing when test tokens
are recorded during non-orthographic tasks or when full minimal pairs are not included

among the stimuli. In regression analyses, the acoustic parameter of closure voicing is

187



identified as the only predictor variable that is significant for all stimuli types. A general

discussion of the experimental results is provided in Chapter 5.
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CHAPTER 5: DISCUSSION
5.1. Introduction

Chapter 5 discusses the experimental findings of the present doctoral research.
For production results (Section 5.2.), the chapter starts with a general overview and
discussion of the data (Section 5.2.1.). This is followed by focused discussions of the
results for the parameters of closure voicing (Section 5.2.2.), consonantal duration
(Section 5.2.3.), and preceding vowel duration (Section 5.2.4.). For perception data
(Section 5.3.), the chapter discusses the findings for response types (Section 5.3.1.) and
response latencies (Section 5.3.2.). The remainder of Chapter 5 points out the main
theoretical implications of the experimental results (Section 5.4.), followed by a general

summary of the claims (Section 5.5.).

5.2. Production Findings

5.2.1. General Summary & Discussion

The acoustic production study presented in Chapter 3 examined the voicing
contrast in word-final stops and fricatives in Russian. The goal of the investigation was to
understand the nature of the voicing-dependent effects that are found in experimentally-
elicited devoicing data and, more specifically, to determine whether the observed patterns
could be attributed primarily to phonological and lexical properties of test words or,
alternatively, to methodological influences. Production results reveal that the use of
phonetic voicing is restricted to the reading task and the stimuli lists that contain full

minimal pairs and, when observed, differences in closure voicing are robust and
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consistent at the individual level. Unlike glottal pulsing, differences in closure/frication
duration and release duration are seen regardless of the task-dependent availability of
orthography or full minimal pairs, yet they also show robust individual-level variability
in the magnitude and direction of the observed effects and are significant only in a subset
of stimuli items. Namely, differences in closure/frication duration are found only in
plosive-final monosyllabic minimal pairs and in fricative-final items, and differences in
release duration are significant only in plosive-final monosyllables. The final parameter,
preceding vowel duration, is not found to be a reliable cue to the voicing specification of
word-final obstruents in Russian, and all the observed effects are independent of
consonantal place of articulation.

Thus, the present results confirm that experimental methodology can strongly bias
the production of underlying voicing in laboratory speech, with robust effects of task-
dependent factors seen in the case of glottal pulsing. In other words, differences in
closure voicing, the only acoustic parameter which shows significant effects across all 5
stimuli types, are largely due to non-grammatical factors and such differences are
neutralized when the experimental paradigm does not specifically encourage preservation
of the wunderlying contrast. However, unlike glottal pulsing, differences in
closure/frication duration or release duration are retained independently of
methodological bias (other than the experimental situation itself), with complete
neutralization of voicing-dependent cues observed at the group level only for plosive-
final disyllabic words without minimal pair counterparts in the lexicon. Thus, the current

findings do not fully support the view that preservation of voicing-dependent cues can be
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attributed exclusively to such task-dependent factors as presence of orthographic
representations of test items or inclusion of full minimal pairs among the stimuli. At the
same time, differences in consonantal duration are not always consistent at the individual
level and they do not appear to be enhanced when the experimental task favours
maintenance of the voicing contrast in surface outputs. Therefore, even though such
differences are produced, Russian speakers appear to associate the voicing contrast in
final obstruents with the phonetic voicing cue specifically.

In addition, the current investigation reveals the presence of substantial variability
in individual data, with some participants and test items showing robust differences in the
expected direction but others demonstrating unexpected patterns or differences that round
to zero. Furthermore, although certain differences go in the expected direction in many
subjects and test items (e.g., in the case of preceding vowel duration), they are not always
statistically significant in the pooled data. Thus, the present study confirms that not all
individual-level findings are necessarily representative of larger populations of speakers
and lexical items of the same language, which in turn warrants re-evaluation of the
conclusions of many previous experimental investigations that relied on small sets of
production data or conducted either by-subject or by-item analyses only (e.g., Chen,
1970; Fourakis & Iverson, 1984; Charles-Luce, 1985; Pye, 1986; Inozuka, 1991; Piroth et
al., 1991; Kopkalli, 1991; Matsui, 2011).

Production findings also show that the degree to which the voicing contrast is
maintained in Russian is place-independent. This result is not consistent with the general

expectation of less robust voicing cues in the case of, for example, dorsal plosives
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(among others, Ohala, 1983). However, previous research has shown that the effects of
consonantal place of articulation on the production of various voicing-dependent
differences are not always robust (e.g., VOT values in word-initial plosives can vary
across different places of articulation by as little as 1 ms; Lisker & Abramson, 1964). As
such, a larger dataset may be required for any place-based asymmetries to become
statistically significant, especially considering that some effects of consonantal place are
found in the current study in the domain of perception. Hence, the present findings should
not be taken to mean that consonantal place of articulation cannot affect the surface
realization of the voicing-contrast in neutralizing environments, with the potential
relevance of consonantal place further supported by the composition of segmental
inventories in languages such as Dutch and Russian (that lack the voiced velar stop /g/
and the voiced velar fricative /y/, respectively) as well as the place-sensitive application
of the devoicing process in languages such as Frisian and Tonkawa (that devoice dorsal

obstruents only; Blevins, 2006).

5.2.2. Closure Voicing

As stated above, effects of methodological biases are seen in the present study
only for the acoustic parameter of closure voicing, with differences in the amount of
glottal pulsing being significant and robust only during word-reading or when minimal
pairs are present among the stimuli. This confirms that the orthographic nature of the
reading task and the inclusion of minimally contrasting item pairs in the stimulus list can

have a strong biasing effect on the production of glottal pulsing in word-final obstruents.
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This finding is especially important considering that the majority of previous studies
administered a reading task, with minimal pairs present among the stimuli, and that
neutralizing languages usually represent the underlying voicing specification of word-
final consonants in orthographic forms. Even Catalan and Turkish, the two languages that
are often cited in the devoicing literature as examples of orthographic systems that do not
maintain the voicing distinction at the graphemic level, can in fact provide orthographic
evidence for phonemic voicing. Catalan, for example, has a number of high frequency
words that end in voiced graphemes (e.g., verd ‘green’, llard ‘butter’). Certain Catalan
graphemes or their combinations can also represent voiceless segments only, whereas
others always represent voiced sounds (e.g., the grapheme ¢ is used exclusively for
voiceless consonants; the digram ig is used for voiced sounds; Manaster Ramer, 1996a,
1996b). Similarly, the Turkish lexicon contains several monomorphemic items that end in
voiced graphemes (e.g., ad ‘name’; Comrie, 1997) and such words are even known to be
pronounced with phonetically voiced final obstruents (Kallestinova, 2004).

The observed absence (or weaker magnitude) of voicing-dependent differences in
glottal pulsing during non-reading tasks is in line with some of the previous reports of
limited and inconsistent effects of underlying voicing in oral experiments (e.g., the oral
conjugation task in Fourakis & Iverson, 1984) and it also corroborates the proposal in
Warner et al. (2004, 2006) who argued that orthography can play an important biasing
role in the preservation of an underlying contrast in experimentally-elicited speech.
Namely, Warner et al. (2004) reported that, when pronouncing word pairs such as baten

‘to avail’ ~ baatten ‘availed’ and laden ‘to load’ ~ laadden ‘loaded’, speakers of Dutch
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produced statistically significant differences in consonantal duration and preceding vowel
duration between singleton and geminate segments even though gemination of the medial
stop is largely an orthographic convention. Warner et al. (2006) further demonstrated that
no durational differences were found for singleton versus geminate consonants in Dutch
when gemination was underlying but not represented orthographically (e.g., ik heet’ that
ends in /t/ versus ‘hij heet’ that ends in /tt/ but is represented in orthography with a single
word-final stop; the second coronal plosive is a third person singular morpheme that is
not spelled out).

The attested sensitivity of closure voicing to the presence of graphemic cues to
the underlying contrast is also consistent with a number of earlier studies on the role of
orthography in the production (and perception) of various linguistic phenomena
(production: Buben, 1935; Lupker, 1982; Treiman & Danis, 1988; Laks, 2005;
perception: Seidenberg & Tanenhaus, 1979; Donnenwerth-Nolan et al., 1981; Taft &
Hambly, 1985; Dijkstra et al., 1995; Ziegler & Ferrand, 1998; Hall¢ et al., 2000). Buben
(1935), for example, famously pointed out that the orthographic system of French can
explain why some speakers pronounce the so-called ‘silent’ final consonants (e.g., the ‘t’
in but ‘goal’) or geminate singleton phonemes that are spelt with two identical letters
(e.g., the /m/ in grammaire ‘grammar’). However, such graphemic effects have been
found even in the absence of orthographic representations of test items (among others,
Treiman & Danis, 1988; Hall¢ et al., 2000). Treiman & Danis (1988), for example,
observed orthographic influences in syllabification even though their participants

performed an oral task and were not exposed to written stimuli. As such, orthographic
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knowledge may be activated even during non-reading and, for highly literate populations
(such as the university students who took part in the current study), orthographic
awareness may even be part of phonological grammar (e.g., Laks, 2005). Thus, although
the current results show that preservation of voicing cues in experimentally-elicited
speech can be motivated by the task-dependent availability of graphemic representations,
the present findings do not preclude the possibility that orthography may influence the
production of test items even without immediate exposure to written forms, which may
explain the presence of significant voicing-dependent differences in the word-guessing
task in Jassem & Richter (1989) and the oral depluralization task in Rottger et al. (2011)
(note, however, that both of these studies included full minimal pairs among the stimuli
and that the findings in Jassem & Richter (1989) are based on the data from 4 speakers
only).

This finding that the presence of full minimal pairs among the stimuli can also
bias the production of phonetic voicing in word-final obstruents in Russian (with
differences in the amount of glottal pulsing being either absent or less prominent in the
absence of potentially homophonous item pairs in the experimental lists) is in line with
the results of those previous investigations that either did not use minimally contrasting
test items or used very few such tokens and did not find consistent differences between
underlyingly voiced versus voiceless word-final obstruents (Fourakis & Iverson, 1984;
Inozuka, 1991; Kopkalli, 1993). At the same time, some earlier studies have in fact
observed voicing-dependent effects even when the majority of stimuli words did not

contrast minimally (Piroth et al., 1991; Piroth & Janker, 2004). In the present
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investigation, the Orth+MP- group (i.e., the group that performed a reading task but did
not see full minimal pairs) also shows more robust differences in the amount of phonetic
voicing than the Orth-MP+ group (i.e., the group for which the two parameters were
reversed). Therefore, although inclusion of full minimal pairs among the stimuli is found
to enhance voicing-dependent differences, effects of underlying voicing can be observed
during word-reading even when very few or no minimal pairs are present in the list of test
items. This suggests that the biasing role of graphemic representations is more prominent
than the influence of direct exposure to lexical competition. However, presence of a
greater bias in the case of orthography is not surprising for at least two reasons. First,
orthographic forms are available during word-reading for all test tokens but potential
homophony affects only a subset of stimuli items. Second, graphemic representations are
present for all stimuli from the start of the reading task but it takes time to encounter both
members of a given minimal pair. As such, whereas orthography can play a role from the
very beginning of the experimental procedure, the task-dependent availability of direct
lexical competition is not expected to have an effect on at least the earlier productions
when participants do not yet know that minimally-contrasting item pairs are included
among the stimuli (as long as speakers are not exposed to experimental tokens prior to
testing).

Another important finding of the present research concerns the results of the post-
test questionnaire. When full minimal pairs are present among test items during word-
reading, the majority of participants become aware of final devoicing being the topic of

investigation. Speakers’ awareness of the goal of the study also significantly predicts part
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of the observed variance in acoustic cues (i.e., closure voicing for all stimuli types;
release duration for plosive-final monosyllabic minimal pairs). This suggests that the
common practice of including minimally-contrasting test items among the stimuli
strongly encourages conscious production of voicing-dependent differences, with Russian
speakers using phonetic voicing (and, to a limited extent, consonantal release duration) to
ensure that their outputs meet the perceived goal of the study. However, the observed R’
scores are generally low, which is due to the fact that some of the subjects from the Orth-
MP+ group and the Orth+MP- group did not successfully identify the goal of the study in
the post-test questionnaire, yet they produced prominent voicing-dependent differences.
Hence, retention of cues to underlying voicing in the production of laboratory speech
cannot be attributed exclusively to speaker’s knowledge of the topic of the investigation,
and factors other than study goal awareness need to be identified in order to offer a full
account of the observed effects.

Nevertheless, it is notable that the availability of full minimal pairs among the
stimuli helps discover the true aim of the experiment even when minimally contrasting
items constitute 10% of the stimuli (including fillers), only one repetition of each test
token is elicited, and speakers are not exposed to the experimental tokens prior to testing.
In comparison, previous neutralization studies often used very few stimuli items, with
50% of all test tokens being minimal pairs (e.g., Charles-Luce, 1993). Many of the earlier
investigations also recorded multiple repetitions by the same speaker and allowed
familiarization with the stimuli prior to testing (e.g., 10 repetitions of each word in Smith

et al., 2009). As such, participants of the majority of previous devoicing studies were
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undoubtedly aware of the contrast under investigation (even if they did not explicitly
acknowledge that) and their phonetic outputs were most likely affected by
hypercorrection, spelling pronunciation and other similar phenomena that can be
expected to interfere with the influences of phonological and lexical factors.

With respect to the primary role of closure voicing, the observed reliance of
Russian speakers on the parameter of glottal pulsing for signaling voicing-dependent
differences is consistent with some of the earlier proposals of the voicing contrast being
associated with a single primary parameter (Slis & Cohen, 1969; Kohler, 1984) and is
likely due to the fact that Russian belongs to the so-called ‘prevoicing’ languages. In such
languages, the underlying voicing specification is signalled in non-neutralizing positions
with a negative voice onset time (VOT) for voiced plosives and a short-lag positive VOT
for voiceless stops (Lisker & Abramson, 1964). In other words, phonetic voicing begins
prior to the release stage of voiced stops but shortly after the release burst of their
voiceless counterparts. In comparison, neutralizing languages such as German maintain
the voicing contrast by producing voiced stops with a short-lag positive VOT and
voiceless plosives with a long-lag positive VOT, which is usually achieved by aspirating
underlyingly voiceless but not voiced stops (Lisker & Abramson, 1964; Iverson &
Salmons, 1995, 1999; Jessen, 1998, 2001; Jessen & Ringen, 2002). Thus, whereas the
acoustic parameter of release duration is known to be a major cue to underlying voicing
in non-neutralizing positions for aspirating languages such as German (Moulton, 1962;
Umeda, 1975; Lisker, 1986), the same contrast is thought to be signaled predominantly

by glottal pulsing in pre-voicing languages such as Russian (Avanesov, 1956; Bondarko,
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1977; Timberlake, 2004; Wade, 2010). The phonetic study by Bondarko (1977), for
example, argued that the voicing distinction in word-initial and word-medial consonants
in Russian is manifested primarily by the presence of vocal fold vibration, with the only
secondary cue to underlying voicing that is mentioned explicitly being the weaker
intensity of aperiodic noise during the release stage of voiced sounds (which Bondarko
also attributed to the presence of glottal pulsing). As such, when the experimental
paradigm specifically favours preservation of voicing-dependent differences, Russian
speakers appear to make use of the single most prominent cue to underlying voicing that
they are familiar with from non-neutralizing environments.

It is also worth noting that differences in closure voicing are significant in the
present study for all test items produced by the Orth+MP+ group, yet the same
differences were not significant in the monolingual group of 4 Russian speakers
described in Dmitrieva et al. (2010). Such discrepancy in experimental findings may
seem unexpected considering that both groups of participants performed a word-reading
task and encountered full minimal pairs among the stimuli. However, the current
investigation and the study by Dmitrieva and colleagues have important methodological
differences. For example, stimuli items were randomized in the present study, but
Dmitrieva et al. arranged their test tokens in a non-random order that was meant to create
an impression of a thyming/semantic task. Hence, in the latter study, the biasing effects
of orthography (as well as the influences of the presence of full minimal pairs among the
stimuli) might have been overridden by pragmatic factors. Dmitrieva and colleagues also

recorded their speakers in a non-formal setting (i.e., at home), which is an environment
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that favours hypoarticulated speech. In contrast, participants of the current study were
tested in a university laboratory, which likely encouraged production of more
hyperarticulated outputs. Dmitrieva et al. also tested 4 monolingual Russian speakers
only and, given the robust individual-level variability that is seen in the present
investigation, such small samples are not necessarily representative of the language in
general.

Finally, on a general note, the findings for closure voicing corroborate the
growing body of evidence on the biasing effects of experimental methodology in the
production of phonological phenomena in experimentally-elicited speech (Hay et al.,
2009, 2010; Pitt, 2009; Drager et al.,, 2010; Cot¢ & Kharlamov, 2011). Coté &
Kharlamov (2011), for example, showed that Russian speakers’ syllabification judgments
could be influenced by the nature of the experimental task, with positively correlated
results obtained for less than half of the possible combinations of 5 distinct syllabification
procedures, including 3 oral tasks (pause-insertion, 1% syllable repetition, ond syllable
repetition) and two written procedures (slash-insertion, evaluation questionnaire). For
example, when presented with a set of C;VC,C3VC,y stimuli items, Russian speakers
tended to produce C;VC, sequences when instructed to repeat the initial syllable (which
suggests C;VC,.C3VCy syllabification) but VC4 sequences when asked to repeat the
second syllable (which suggests C;VC,C;.VC, syllabification). Cot¢ & Kharlamov
attributed the finding that the syllabic affiliation of C; was not consistent across different

experimental tasks to the influence of such factors as parsimony, which is a non-
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grammatical pressure that is similar to the task-dependent effects of orthography and

lexical competition that are observed in the present investigation.

5.2.3. Consonantal Duration

Unlike closure voicing which shows task-dependent effects across all stimuli
types (as long as the experimental task encourages maintenance of the underlying
contrast), differences in closure/frication duration and release duration are task-
independent and they vary depending on consonantal manner of articulation, word length
in syllables, and lexical status of test items. This is shown in (8) below for final plosives

and in (9) for final fricatives.

(8) Task-independent cues in final plosives
Monosyllabic Monosyllabic Disyllabic
MPs non-MPs non-MPs
>> >>
closure durat'10n release duration N/A
release duration
9) Task-independent cues in final fricatives
Monosyllabic Disyllabic
non-MPs non-MPs
<< >>
frication duration frication duration

As can be seen in (8), underlying voicing affects two acoustic parameters in plosive-final
monosyllabic minimal pairs, one cue in plosive-final monosyllabic non-minimal pairs,

and none of the parameters in plosive-final disyllabic non-minimal pair items. As
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demonstrated in (9), the same type of asymmetry is not seen in words with final
fricatives, with frication duration being a significant cue in both monosyllabic and
disyllabic wordforms.

The observed retention of differences in consonantal duration is consistent with
some of the previous experimental findings on final devoicing in Russian (e.g., Dmitrieva
et al., 2010), with the general direction of the attested effects being in line with the results
of many previous phonetic studies of the voicing contrast in non-neutralizing languages
and environments (i.e., presence of shorter closures, shorter releases and/or shorter
periods of frication noise in underlyingly voiced obstruents; Klatt, 1976; Kohler, 1977,
1979; Raphael, 1981; Ladefoged & Maddieson, 1996). The current findings also suggest
a hierarchical structure for voicing cues in plosive-final wordforms, whereby more
voicing-dependent parameters show significant differences in shorter (monosyllabic)
words than longer (disyllabic) items and in words with existing minimal pair counterparts
than words without potentially homophonous competitors.” This asymmetry in the
distribution of voicing cues corroborates the view that preservation of a phonological
contrast should be most favoured in shorter words with potentially homophonous
competitors (e.g., monosyllabic minimal pairs), favoured to a limited extent in short items
that do not have minimal pair counterparts but have greater neighborhood density (e.g.,
monosyllabic non-minimal pair words), and least favoured in longer wordforms with no

lexical competition and low neighbourhood density (e.g., disyllabic non-minimal pair

* Only voicing-based homophony is considered here.
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tokens) (among others, Hockett, 1967; Crosswhite, 1999; Blevins & Wedel, 2009;
Silverman, 2010).

Since the Russian lexicon does not have a sufficient number of disyllabic plosive-
final or fricative-final minimal pairs that can be controlled for exogenous variability (i.e.,
items that belong to the same grammatical category, have matching stress patterns, are
not archaic, etc.), it remains to be determined whether the voicing contrast is signaled by
additional acoustic parameters in other minimal pairs that may exist in the lexicon (which
could be predicted on the basis of the present results) or whether, for example, the shorter
overall duration of word-final rhymes in plosive-final disyllables would inhibit the
production of any secondary differences in consonantal duration. Nevertheless, any
finding of voicing-dependent asymmetries that are sensitive to such grammatical factors
as word length and lexical competition highlights the importance of using well-controlled
stimuli items and also shows that experimental results are not fully comparable between
the studies that test minimal pairs only (e.g., Port & O’Dell, 1985; Charles-Luce, 1993;
Dmitrieva et al., 2010) and those investigations that use mostly non-contrasting stimuli
items (e.g., Fourakis & Iverson, 1984; Inozuka, 1991; Kopkalli, 1993).

Although the current study did not specifically investigate the sources of the
observed differences in consonantal duration, such effects are likely coming from
morphologically-related wordforms in which the stem-final consonant is not word-final
and does not undergo devoicing. More specifically, many of the grammatical inflections
that are used in Russian start with a vowel, which puts the stem-final obstruent in a non-

neutralizing environment (e.g., the /d/ is word-final in the Nominative singular form /kod/
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‘code’ but the same segment is prevocalic in the Nominative plural /koda/, Dative
singular /kodu/, and Instrumental singular /kodom/). Considering that complete closure of
the vocal tract (for plosives) and frication noise (for fricatives) are both known to inhibit
production of phonetic voicing (Ohala, 1983, 1997), articulation of a fully voiced
obstruent is facilitated when the consonant is short. Therefore, in non-neutralizing
positions, underlyingly voiceless plosives and fricatives can be expected to have longer
durations than their voiced counterparts, which has been the exact finding of those
experimental studies that examined the voicing contrast in both neutralizing and non-
neutralizing environments (e.g., Inozuka, 1991; Piroth et al., 1991; Piroth & Janker,
2004). Crucially, in the case of the Russian, bare-stem members of the inflectional
paradigm in which the final obstruent is word-final and is subject to devoicing appear to
be less frequent than the forms that end in grammatical inflections in which the critical
consonant is not word-final and does not devoice. For example, in the Russian National
Corpus (Lyashevskaya & Sharoff, 2009), the wordform /god/ ‘year (Nom. sg.)’ occurs
over 62,000 times, yet the total count for the corresponding lexeme is over 631,000 times.
This suggests that over 90% of the time that Russian speakers encounter the lexeme, the
stem-final consonant is not word-final and is likely to show robust voicing-dependent

* Hence, the high usage

differences in such parameters as consonantal duration.*
frequency of the members of the paradigm in which neutralization does not occur can

offer a plausible explanation for the appearance of differences in closure/frication

* According to the same corpus, bare stem forms are also less frequent than their inflected counterparts in
the case of such Russian words as /rod/ ‘gender’ (lexeme count: 46,532; bare-stem form count: 5,529),
/kod/ ‘code’ (lexeme: 2,360; bare-stem form: 943), /lug/ ‘meadow’ (lexeme: 6,641; bare-stem form: 1,233),
/stolb/ ‘pole’ (lexeme: 8,768; bare-stem form: 2,136), /plod/ ‘fruit’ (lexeme: 11,401; bare-stem form:
2,472), and other stimuli items used in the present study.
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duration and release duration and may even explain why final devoicing in Russian does

not get generalized from a word-level process to a stem-level phenomenon.

5.2.4. Preceding Vowel Duration

For the acoustic parameter of preceding vowel duration, the general direction of
the observed effects is consistent with much of the acoustic research done on languages
such as English (i.e., presence of longer vowels before voiced obstruents; Peterson &
Lehiste, 1960; Lisker & Abramson, 1964; Halle & Stevens, 1967; Slis & Cohen, 1969;
Klatt, 1976; Lisker, 1974; Maddieson, 1997). However, the attested differences are not
statistically significant even when the experimental paradigm specifically encourages
retention of the voicing contrast or even in those words that have potentially
homophonous lexical competitors. This finding corroborates the results of Dmitrieva et
al. (2010) for monolingual Russian subjects and is also in line with some of the
experimental research showing that consonantal voicing and preceding vowel duration do
not have a universal relationship even in languages such as English (e.g., Purnell et al.,
2005a, 2005b). At the same time, the current results contradict the earlier claims made in
Chen (1970) and Pye (1986) who both argued that Russian vowels are longer before
voiced obstruents and, in the case of Chen’s study, that vowel lengthening before voiced
consonants is a language-universal phenomenon. However, the latter studies based their
claims on very small samples of speakers and lexical items, which is clearly problematic
considering the robust individual-level variability in the use of vowel duration that is seen

in the present production data, and neither Chen (1970) nor Pye (1986) controlled for the
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various grammatical factors that are known to interfere with vowel duration (e.g., stress
placement, adjacency to a prosodic boundary, word length; among others, Harris &
Umeda, 1974; Umeda, 1975; Klatt, 1976; Crystal & House, 1990; Eefting, 1991).

The finding that preceding vowel duration is not a reliable cue to underlying
voicing in Russian is also consistent with the proposal that vowel length is not relevant
for the segmental phonology of Russian (among others, Cubberley, 2002). More
specifically, neutralizing languages such as German contrast inherently and/or
phonemically long and short vowels and often restrict the occurrence of the two vowel
types in pre-consonantal environments (e.g., in German, inherently short (lax) vowels are
rare before voiced coda consonants; Kleber et al., 2010). Languages such as Russian,
however, use vowel length as a correlate of lexical stress rather than an indicator of
phonemic differences and do not provide any phonotactic evidence showing that the
distribution of long versus short vowels is dependent on the voicing setting of the
following obstruent.*> The Russian language also allows both underlyingly voiced and
voiceless obstruents to be preceded by stressed (i.e., longer) vowels in the paradigms of
the wordforms that end in plosives and fricatives. For example, in the case of the /kot/
‘cat’ ~ /kod/ ‘code’ pair, the vowel /o/ is unstressed (shorter) when followed by the

voiceless plosive /t/ in the plural form /ko'ta/ but the same vowel is stressed (longer) in

> Shcherba (1912) proposed in his Master’s thesis that vowel length in Russian could depend on the quality
of the adjacent consonant, including the presence of longer vowels before voiced obstruents. This proposal
is occasionally reiterated in descriptive grammars of Russian as evidence of vowel length being a cue to
underlying voicing of the following consonant (e.g., Timberlake, 2004). However, Shcherba’s claims were
based on very limited and potentially problematic acoustic data (i.e., recordings from one speaker (the
author himself) who performed a word-reading task with no filler items added to the stimuli). Shcherba also
examined the pronunciation of vowels in non-final stressed syllables of disyllabic and trisyllabic words,
which is not the environment that is relevant for word-final devoicing.
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the plural form /'koda/. However, the vowel /o/ is always unstressed (shorter) in such
pairs as /plo’'ta/ ~ /plo’da/ (which are the plural forms of /plot/ ‘raft’ and /plod/ ‘fruit’) and
it is always stressed (longer) in word pairs such as /'bloka/ ~ /'bloga/ (which are the
plurals of /blok/ ‘block’ and /blog/ ‘blog’). Hence, the underlying voicing setting of stem-
final consonants in Russian cannot be inferred from (or is masked by) the differences in
vowel length that are related to stress placement. In comparison, neutralizing languages
such as German, Dutch, Afrikaans and Polish show more consistent stress patterns, with
lexical stress usually staying on the initial syllable of the stem in German, the penultimate
syllable of disyllables in Dutch and Polish, and the initial syllable in Afrikaans. As such,
any voicing-dependent differences in preceding vowel duration that may exist in the latter
type of languages are unlikely to be masked by the evidence coming from
paradigmatically-related forms.

At the same time, considering that in the present production study the effects of
underlying voicing on the parameter of vowel duration are not significant at the group
level but voicing-dependent differences are in fact observed at the individual level in a
subset of speakers and test items, the vowel duration cue may potentially become
significant in pooled data with a greater number of participants or stimuli words.
Preceding vowel duration is also a limited but statistically significant contributor in
perception (for monosyllabic plosive-final minimal pairs). Therefore, although
differences in vowel length are not found to be a primary cue to consonantal voicing in
word-final obstruents in Russian, the relevance of this parameter for signaling the voicing

contrast in neutralizing environments needs to be further investigated.
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5.3. Perception Findings

5.3.1. Response Types

In the domain of perception, the findings for the dependent variable of response
types (i.e., rates of voiced responses) indicate that underlying voicing is perceptible with
limited success only for both final plosives and final fricatives and that Russian speakers
show an overall bias for voiceless responses. Namely, the observed rates of voiced
responses to voiced versus voiceless obstruents differ by no more than 10% for the items
produced by the Orth-MP- group and, on average, no more than 44% of test tokens
containing phonologically voiced obstruents are attributed to the voiced category (i.e.,
overall, underlying voicing is not identified correctly in 56% of voiced obstruents). These
results suggest that Russian speakers perceive the majority of underlyingly voiced stops
and fricatives as voiceless, which parallels the findings of the Polish study in Jassem &
Richter (1989) and the Afrikaans investigation in van Rooy et al. (2003) who also found
high proportions of voiceless responses to all final obstruents regardless of their
phonological specification. However, even in the absence of significant differences in
closure voicing (i.e., the items produced by the Orth-MP- group), the rates of voiced
responses to phonologically voiced final obstruents are always at least 6% higher than the
rates of voiced responses to underlyingly voiceless final segments. Therefore, Russian
listeners appear capable of taking perceptual advantage of differences in parameters other
than glottal pulsing.

Crucially, identification responses are also found to be more in line with

underlying voicing for the stimuli recorded during word-reading but less consistent with
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phonological specifications for the tokens elicited in non-orthographic tasks and,
especially, without minimal pairs present among the stimuli. This finding confirms that
perceptual identification of intended voicing can be critically affected by those acoustic
cues that are present in experimentally-elicited speech for task-dependent reasons. Given
that a similar asymmetry is present in production for the acoustic parameter of closure
voicing, these results further suggest that identification responses are influenced
primarily by the acoustic differences in the (task-dependent) parameter of glottal pulsing
and that the contribution of other (task-independent) parameters is at best limited.

The primary role of glottal pulsing in perceptual identification of underlying
voicing is also corroborated by the findings of regression modeling, with regression
results showing that closure voicing can explain larger proportions of variance in mean
rates of voiced responses than any other acoustic cue for plosive-final monosyllabic items
and that it is the only significant predictor for plosive-final disyllables and all fricative-
final tokens, although R* scores are generally low (i.e., around 14%) for the latter type of
tokens.** However, regression findings also indicate that identification of underlying
voicing can sometimes be predicted on the basis of those cues that are not statistically
significant in production (i.e., preceding vowel duration for monosyllabic minimal pairs,
release duration for monosyllabic non-minimal pairs) and, at the same time, rates of
voiced responses appear to be unaffected by some of the significant voicing-dependent

differences (i.e., durational differences in closure/frication for plosive-final monosyllabic

“ The low R? scores observed in the case of fricative-final items are not unexpected considering that fewer
cycles of glottal pulsing are generally seen in production for fricatives than plosives and that frication noise
is known to inhibit phonetic voicing (among others, Ohala, 1983).
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minimal pairs and all fricative-final items). Hence, for a subset of perception stimuli,
rates of voiced responses are sensitive to those acoustic patterns that are produced
inconsistently but insensitive to some of the statistically significant differences. This
shows that speakers and listeners do not always rely on the same (task-independent)
acoustic parameters when disambiguating the voicing contrast in word-final obstruents,
which is in line with some of the previous experimental research indicating that listeners
can take advantage of non-significant cues and/or can disregard some of the robust
acoustic contrasts that exist in the stimuli (e.g., voicing cues in Dutch, Warner et al.,
2004; also, the ‘card ~’cod’ opposition in English, Costa & Mattingly, 1981; the tense-
lax contrast in Swedish vowels, Janson & Schulman, 1983).

The task-dependent nature of asymmetries in identification performance that is
seen in the current study provides a plausible explanation for the discrepancies in the
findings of many previous investigations into perceptual salience of voicing-dependent
cues. As stated in Chapter 2, several neutralization studies used minimally-contrasting
tokens that were created in reading tasks and found above-chance level performance for
underlyingly voiced obstruents (e.g., Port & O’Dell, 1985; Port & Crawford, 1989;
Slowiaczek & Szymanska, 1989; Warner et al., 2004; Ernestus & Baayen, 2007a). Other
studies tested the stimuli that were elicited in non-orthographic tasks or created on the
basis of non-minimal pairs and observed an overall bias for voiceless (or voiced)
responses or response rates of around 50% (e.g., Jassem & Richter, 1989; Kopkalli,
1993). Thus, previous reports of above-chance level identification were often based on

the stimuli that were recorded under very different experimental conditions than those
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tokens that resulted in below-chance or chance-level performance, with the former type
of test items likely containing robust task-dependent cues.

Furthermore, the current findings also provide empirical grounds for questioning
the common assumption that response rates of around 50% necessarily indicate chance-
level identification. In the present investigation, approximately half of all voiced final
plosives and fricatives are attributed to the voiced category when test tokens originate
from the Orth+MP+ group, yet no more than 41% of all phonologically voiced
consonants are classified as voiced when the data comes from the two Orth- groups.
Therefore, when compared across production groups, response rates of around 50%
reveal an increase in the number of voiced responses to phonologically voiced final
obstruents (i.e., higher identification accuracy for voiced sounds) rather than chance-level
guessing. Considering that the majority of earlier devoicing studies administered a
reading task and included minimal pairs among the stimuli (which is equivalent to the
task performed by the Orth+MP+ group in the present investigation), this result warrants
re-evaluation of the claims (or assumptions) of chance-level performance on underlying
voicing that were made in several previous studies (e.g., Kahlene-Halstenbach, 1989;
Kopkalli, 1993; van Rooy et al., 2003).

More generally, the present results expand the body of literature on the role of
non-grammatical factors in speech perception in laboratory environments (Niedzielski,
1999; Pitt, 2009; Hay & Drager, 2010). Niedzielski (1999), for example, showed that,
when asked to match natural speech to synthesized tokens, American English speakers

were more likely to select tokens with vowel raising if the word ‘Canadian’ was printed
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on the answer sheet. The psycholinguistic experiment by Pitt (2009) revealed that
‘overhearing’ a dialog between two experimenters resulted in speakers of English treating
two phonetically distinct forms (seny, semty) as phonologically equivalent if the
equivalence of the two words was mentioned explicitly during the conversation. Hay &
Drager (2010) found that perceptual identification of vowels by speakers of New Zealand
English varied depending on whether, during testing, they were exposed to a stuffed toy
associated with Australia or a toy associated with New Zealand (e.g., a kangaroo versus a
kiwi; seeing a kangaroo biased the participants towards Australian English). Hence,
speech perception is highly sensitive to the availability of metalinguistic linguistic
information and, as confirmed by the findings of the current investigation, can also be
affected by the presence of task-dependent acoustic cues in the stimuli.

Finally, for a subset of test items, perception results demonstrate place-based
differences in the rates of voiced responses, with identification of velar stops showing
greater consistency with underlying voicing even though place-based effects are not
significant in production. The observed asymmetry also does not appear to be attributable
to the usage frequency of specific stimuli items. Namely, whereas the overall frequencies
of test items ending in voiced versus voiceless final stops were matched in the original
production study, minimally contrasting test words ending in voiced velar plosives were
in fact less frequent than the items ending in voiceless velar stops (Mvoiceg=2.1 1pm,
Myiceless=16.0 ipm). As such, a stronger bias for voiceless responses could have been
expected for voiced final velars due to the higher frequency of wordforms ending in

voiceless velar stops, yet identification responses show an opposite pattern. Furthermore,
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a similar advantage for final velars was observed in the previous perception study in Port
& O’Dell (1985) who also found higher rates of correct identification in the case of velar
obstruents. This suggests that the effect of consonantal place of articulation is likely to be
systematic rather than accidental.

One possible explanation of the observed results is related to the fact that phonetic
voicing is known to be more difficult to maintain in dorsal sounds than in labial or
coronal segments (Gamkrelidze, 1975; Ohala, 1983, 1997) and, therefore, glottal pulsing
may be less expected and more perceptually salient in the case of final velars even though
velar stops do not show more robust voicing-dependent production differences than the
rest of the plosives. However, the perception experiment that is presented in Chapter 4
was not designed to investigate those place-dependent asymmetries that were not affected
by methodological factors, and the finding of better identification performance for velar
consonants may be due to listeners’ reliance on acoustic cues that were not analyzed in
the production study or may be driven by various exogenous influences (e.g., the fact that
a subset of rhyme-only tokens corresponded to existing lexical items). Hence, the exact
role of consonantal place of articulation in the perception of voicing in word-final

obstruents remains to be investigated independently.

5.3.2. Response Latencies

In addition to examining rates of voiced responses, the perception study also
investigated the effects of task-independent and task-dependent factors on reaction time
latencies. Notably, previous experimental work of final devoicing concentrated on

response types and did not report reaction times even though the latter measure is well
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known to be an important indicator of processing difficulty in perceptual tasks (among
others, Kemps et al., 2005; Ernestus & Baayen, 2007b). In the current study, effects of
underlying voicing are never significant for reaction times for any experimental group,
which indicates that Russian listeners do not take longer to identify tokens from either the
voiced or the voiceless category. At the same time, participants take more time to
evaluate the final rhymes of plosive-final monosyllabic items elicited in the absence of
orthographic representations.

Considering that, at the acoustic level, tokens produced during non-reading tasks
contain statistically significant differences in closure duration and/or release duration but
show either limited or non-significant differences in phonetic voicing, longer reaction
times to the stimuli produced by the two Orth- groups likely reflect an increase in the
processing load associated with less salient and less consistent cues to underlying
voicing. At the same time, the additional processing time does not translate into higher
rates of voiced responses to underlyingly voiced final stops, suggesting that cues other
than phonetic voicing have limited effect on identification accuracy for the voicing
contrast in word-final obstruents in Russian even when longer processing times are
involved. Moreover, the same group-based asymmetry in reaction times is not seen for
final plosives of disyllables, which is likely due to the fact that, unlike monosyllables,
plosive-final disyllables do not show any significant group-level differences in either
closure duration or release duration. The effect is also absent for final fricatives,
suggesting that the presence of differences in frication duration also cannot mitigate the

absence of robust closure voicing cues.
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5.4. Theoretical Implications

As stated in Chapter 2, preservation of voicing-dependent cues in the production
and perception of word-final obstruents in experimentally-elicited speech has often been
attributed to linguistic factors and has been interpreted as evidence in favour of non-
phonological (phonetic or exemplar-based) accounts of devoicing or 3-way laryngeal
classifications of speech sounds (e.g., Dinnsen, 1983, 1985; Charles-Luce, 1985; Port &
O’Dell, 1985; Pye, 1986; Port & Crawford, 1989; Port, 1996; Ernestus, 2000; Ernestus &
Baayen, 2003, 2004, 2007a, 2007b; Port & Leary, 2005). However, other studies have
argued that the observed effects are driven primarily by task-dependent biases and that
the presence of incompletely neutralized contrasts does not warrant any changes to the
traditional accounts of final devoicing that derive the surface forms of underlyingly
voiced segments by, for example, manipulating the setting of the [voiced] feature or
delinking the laryngeal node (among others, Fourakis & Iverson, 1984; Mascaro, 1987,
Jassem & Richeter, 1989; Jongman et al.,, 1992; Baumann, 1995; Manaster Ramer,
1996a, 1996b).

In the present investigation, the experimental design takes into account the task-
dependent effects of orthography and lexical competition as well as various potentially
confounding factors (sample size, statistical treatment, number of repetitions, segmental
and prosodic differences, usage frequency, etc.). Results of the current study reveal that
the process of final devoicing shows two types of behaviour: (i) complete neutralization
of differences in the acoustic parameter of phonetic voicing and (i) incomplete

neutralization of closure/frication duration and/or release duration cues. Therefore, the
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present findings are partially compatible with the traditional analyses according to which
neutralization is categorical. However, contrary to the traditional view, complete identity
of surface forms does not appear to be required and the devoicing process is found to
target phonetic voicing specifically rather than the [voice] feature in general. In other
words, any analysis which assumes that devoiced segments must be fully voiceless at the
phonetic level and simply changes the setting of the [voiced] feature (or delinks the
laryngeal node/element) would result in the correct prediction only for a subset of the
production data (i.e., plosive-final disyllabic non-minimal pair items). The findings for all
other word types favour a model of devoicing that can account for the presence of non-
categorical outcomes. As such, the current results are also compatible with the alternative
analyses according to which partial preservation of voicing cues is part of grammar.
However, as noted above, devoicing does appear to have a categorical component, which
is the neutralization of differences in the amount of glottal pulsing.

Therefore, the current experimental results do not support the view that no
residual cues to a given underlying contrast may be preserved in those phonetic outputs
that have been affected by neutralization (Kiparsky, 1976; also, Charles-Luce, 1985; Port
& O’Dell, 1985; Port & Crawford, 1989; Port, 1996; Port & Leary, 2005). However, the
present findings are fully in line with the proposal that neutralization results in an
approximation of the phonetic characteristics of one of the members of a phonological
opposition rather than an obligatory change in category membership (Trubetzkoy, 1939).
In other words, devoicing does not render the final obstruent identical to the voiceless

member of the voiced-voiceless opposition. Instead, the neutralized segment becomes
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devoiced when it is no longer characterized by the presence of robust differences in a
subset of voicing-dependent cues or the one cue that is most important for the laryngeal
phonology of a particular language.

For Russian, this means that neutralization is best defined as the absence of glottal
pulsing (which is found to be the single most prominent disambiguating parameter not
only in production but also in perception) and, following the line of thought in Steriade
(2000), word-final devoicing is best represented as a suppression of the primary phonetic
cue that signals the underlying contrast in the grammar. In other words, the absence of
distinctive voicing in word-final obstruents in Russian entails the loss of the main cue
that is used to maintain the voicing distinction in non-final positions (or for context-
dependent reasons, such as during word-reading, during dictation, in hyperarticulated
speech, etc.). Other voicing-dependent differences are allowed to remain in phonetic
outputs. Such non-primary cues may be more relevant in non-neutralizing environments
and may therefore be attested throughout the word’s paradigm, yet they do not support
the voicing distinction at the grammatical level and may be expected to be used
inconsistently.

The fact that Russian speakers rely on differences in vocal fold vibration
whenever voicing distinctions become directly relevant further suggests that glottal
pulsing is part of the phonological competence of Russian speakers, yet it is used only in
specific situations (e.g., when the experimental paradigm creates a contextual need to
disambiguate the members of a minimal pair or, possibly, when dealing with potential

homophony in non-experimentally elicited speech). This type of selective application of a
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phonetic cue favours those formal models that allow differentiation between core
phonology that deals with language use in general and peripheral phonology that
accounts for language use in particular situations, such as in laboratory speech, during
pronunciation of newly encountered or borrowed lexical items (e.g., the ‘co-phonology’
analysis of vowel reduction in native versus non-nativized words in Crosswhite, 2001)
When final devoicing is viewed as a process that affects the phonetic voicing cue
specifically rather than the entire set of the acoustic correlates of the [voiced] feature, the
present findings also show that formal modeling of laryngeal neutralization does not
crucially depend on adopting a non-dichotomous phonological classification of speech
sounds in which word-final obstruents are neither voiced nor voiceless at the underlying
level (e.g., Ernestus, 2000) or on treating neutralization as the result of a phonetic
implementation process (among others, Port & O’Dell, 1985; Port, 1996; Port & Leary,
2005). For example, the supposed advantage of the phonetic models of devoicing is that
they allow phonological analyses of other linguistic phenomena to remain discrete and
symbolic (Port, 1996; Port & Leary, 2005). In the case of Russian, such an argument
would work for plosive-final monosyllables and all fricative-final words (that show
incomplete neutralization of voicing cues irrespective of task-dependent bias) but not for
plosive-final disyllables (that show full neutralization of voicing-dependent differences
unless speakers perform a reading task or encounter full minimal pairs among the
stimuli). Hence, final devoicing would be viewed as a phonological phenomenon for
plosive-final disyllables for which a categorical phonological rule can correctly predict

phonetic outputs. However, the same process would be analyzed using a phonetic
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implementation rule for plosive-final monosyllables as well as fricative-final wordforms
that all surface with partially devoiced obstruents. Therefore, relegation of word-final
devoicing to phonetics would require a phonological analysis for some lexical items but a
series of phonetic implementation rules for all other words of the same language.
Arguably, this is less advantageous than treating laryngeal neutralization as a process that
occurs within the same component of grammar but targets only the major cue to the
underlying contrast.

The apparent preservation of voicing-dependent cues in the production and
perception of the voicing contrast in word-final obstruents has also been claimed to
support exemplar-based approaches to devoicing (e.g., Ernestus & Baayen, 2007a,
2007b). In traditional Exemplar theory, acoustic outputs are presumed to be remembered
instances of previously encountered speech events (‘exemplars’) that do not have an
abstract level of representation and are reproduced by averaging over a set of memory
traces of the same lexical item (Johnson, 1997; Bybee, 2001). As such, surface outputs of
exemplars are able to contain robust acoustic-phonetic detail and can account for gradient
linguistic phenomena, such as partial neutralization of voicing cues. However, as shown
in the current dissertation, word-final devoicing in Russian has both non-categorical and
categorical components. Therefore, although the present production findings can be
successfully modeled as the outcome of an exemplar selection process, the Russian data
clearly favours a framework that can also allow categorical behaviour (e.g., the more
recent version of Exemplar theory that permits categorical phonemic representations to

co-exist with phonetically rich surface forms; Pierrehumbert, 2002).
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More generally, results of the present investigation corroborate the view that final
devoicing is an interactive process that is sensitive to a variety of both grammatical and
non-grammatical influences and that a comprehensive model of neutralization needs to
account for the effects of not only underlying voicing but also lexical, paradigmatic,
orthographic, and other factors that may be identified in devoicing data (Charles-Luce,
1997; Warner et al., 2004). Thus, although the question of which particular phonological
framework is best suited to model the effects observed in the present investigation
remains to be addressed in future research, the current findings can be taken to favour
those approaches to phonological theory that do not require a strict separation of
phonology from other components of grammar, including phonetics and perception
(among many others, e.g., Ohala, 1990, 1995b, 1997; Flemming, 1995, 2004; Kirchner,
1998, 2004; Boersma, 1998; Steriade, 1999; Coté, 2000, 2004a, 2004b; Blevins, 2004;

Blevins & Garrett, 2004).

5.5. General Summary
Overall, production findings indicate that the acoustic cue of closure voicing
shows categorical neutralization of the underlying contrast unless experimental
methodology encourages preservation of voicing-dependent cues, that differences in
closure duration and release duration are found irrespective of the task-dependent
influences of orthography or lexical competition, that preceding vowel duration is not a
primary voicing cue in Russian, and that robust individual-level variability is found for

all task-independent cues to underlying voicing. Results of the perception study further
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show that identification of intended voicing is done with limited accuracy, that listeners’
responses show a voiceless bias, that identification responses are highly sensitive to the
presence of task-dependent acoustic cues, and that response rates of approximately 50%
do not always signal chance-level performance. The present results confirm that both
production and perception of experimentally-elicited speech can be strongly affected by
non-grammatical factors, yet the current study shows that not all of the observed voicing-
dependent effects can be attributed to the biasing role of orthography or inclusion of
minimal pairs among the stimuli. These findings are interpreted as favouring a definition
of neutralization that requires partial rather than complete identity and an analysis of final

devoicing that specifically targets the primary acoustic cue to the underlying contrast.
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CHAPTER 6: CONCLUSION

The present dissertation examined the roles of grammatical and methodological
factors in the production and perception of experimentally-elicited speech. Multiple
procedures and conditions were tested with the goal of determining the impact of task-
independent versus task-dependent factors on the apparent maintenance of the underlying
voicing contrast in word-final obstruents in Russian. Acoustic production data reveal that
both grammatical and methodological influences can play a role in preservation of
underlying voicing. Effects of experimental bias are seen for the parameter of closure
voicing, which shows consistent and statistically significant differences whenever task-
dependent factors favour maintenance of the underlying contrast. Task-independent
effects are found for the acoustic cues of closure/frication duration and release duration,
with the observed differences being limited to a subset of test items and showing
substantial variability at the individual level. Task-dependent effects are also seen in
perception. Identification responses reveal limited accuracy and a strong voiceless bias,
with listeners’ judgments being more in line with underlying voicing for the perceptual
tokens recorded during word-reading and, especially, with minimally contrasting items
included among the stimuli. For both production and perception, the overall direction of
the observed effects and the results of regression modeling suggest that the task-
dependent cue of closure voicing plays a major disambiguating role for the underlying
voicing contrast in word-final obstruents in Russian.

The present findings corroborate the view that orthographic influences and

exposure to full minimal pairs can strongly affect the outcome of the neutralization

222



process (e.g., Jassem & Richter, 1989; Piroth & Janker, 2004; Warner et al., 2004, 2006),
yet the current results do not provide full support to the claim that the observed lack of
discrete neutralization in experimental studies can be dismissed as an artefact of
methodological bias (e.g., Fourakis & Iverson, 1984; Manaster Ramer, 1996a, 1996b). At
the same time, presence of incompletely neutralized cues to underlying voicing is shown
to not pose the type of serious challenge to formal phonology which is advocated for in a
number of previous works (e.g., Port, 1996; Ernestus, 2000; Port & Leary, 2005; Ernestus
& Baayen, 2007a, 2007b) and to favour a formal model of devoicing that uses a less
restrictive definition of neutralization and allows the devoicing process to target the
primary phonetic cue to the underlying contrast.

As will be pointed out in the remainder of the chapter, several important questions
remain to be addressed in future work. For example, since test tokens were always
randomized in the current study and unique randomization was performed for each
participant both within and across experimental blocks, the group-level effect of item
order could not be analyzed using the statistical model adopted in the present
investigation. However, the overall strength of voicing cues may be predicted to increase
throughout the experiment as speakers are presented with additional minimal pairs.
Hence, a follow-up examination is needed to determine how the production of voicing
cues varies throughout the recording session. In addition, the biasing effects of lexical
competition are seen in the present investigation even though each token is encountered
only once and minimal pairs constitute only 10% of all experimental items. In

comparison, in many previous neutralization studies, minimal pairs represented 50% of
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all test tokens and multiple repetitions of each item were recorded. The low proportion of
minimal pairs that is found in the current study may explain why voicing-dependent
differences were more prominent in some of the previous investigations, and future
research will need to examine the extent to which the robustness of cues to underlying
voicing depends on the exact percentage of minimal pairs among the stimuli.

The present study also demonstrates that, when methodological factors encourage
maintenance of the voicing contrast, Russian speakers rely on the acoustic cue of
phonetic voicing. However, cues other than (or in addition to) glottal pulsing may be
task-dependent in other languages. For example, sensitivity of the release duration
parameter to methodological biasing has already been proposed for Afrikaans (van Rooy
et al., 2003), and the same release duration cue may be task-dependent in other Germanic
languages, such as German and Dutch. Thus, methodological influences on the
production of the voicing contrast need to be researched on a language-specific basis
before any general conclusions can be offered. Furthermore, for Russian, a follow-up
investigation is required to confirm the origin of the task-independent differences in
closure duration and release duration. Such cues do not show sensitivity to
methodological manipulation and, therefore, do not appear to be part of the conscious
grammatical competence of Russian speakers for the voicing contrast in word-final
obstruents. However, considering that differences in consonantal duration are affected by
underlying voicing at a statistically significant level, such cues must have a relation with
the phonological voicing contrast, and future research will need to investigate the exact

role these non-primary differences play in non-neutralizing environments (e.g., in pre-
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vocalic positions) as well as the extent to which the appearance of such cues in word-
final obstruents may be motivated by paradigmatically-related wordforms.

Another important area of future research concerns the articulatory aspects of the
voicing contrast. Due to the physiological requirements of maintaining voicing, the
timing, place and surface area of the constriction created in the oral cavity as well as the
overall volume of the supraglottal space are all known to differ for voiced versus
voiceless targets (Ohala, 1983; Westbury, 1983; Shimizu, 1996). Such differences may
be present even in the absence of acoustic cues to underlying voicing (e.g., after cessation
of vocal fold vibration), yet articulatory evidence for the preservation of voicing-
dependent cues in word-final consonants has so far been restricted to small-scale
production experiments that did not take into account the effects of task-dependent
biases. Fuchs (2005), for example, observed articulatory differences between
phonologically voiced versus voiceless coronal consonants in EMA and EPG data from
German. However, Fuchs’ findings were based on a small sample of speakers (n=3,
including the author herself) who performed a reading task.

With respect to speech perception, more research is needed to determine the exact
nature of the place-dependent asymmetries observed in the identification experiment (i.e.,
higher identification accuracy for velar stops). As noted earlier, the same type of effect is
not significant in production and cannot be attributed to the usage frequency of specific
lexical items. Thus, a follow-up experiment is needed to investigate whether voicing-
dependent cues are more salient in the case of velar plosives or whether the observed

patterns may be attributable to such factors as listeners’ awareness of the general
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differences in statistical distribution of voiced versus voiceless consonants in the lexicon
(Kleber et al., 2010). In addition, psycholinguistic research (priming studies, ERP
experiments) is required to explore the degree to which devoiced forms activate their
voiceless counterparts and to establish whether listeners make their identification
decisions primarily at an early and purely acoustic level of processing or, alternatively,
also rely on higher-level phonological knowledge that becomes available at a later stage
of lexical access. These research questions are especially important considering that
psycholinguistic studies of the voicing contrast in obstruents have traditionally
concentrated on the word-initial position only (e.g., Andruski et al., 1994; Utman et al.,
2000; van Alphen & McQueen, 2006; van Alphen, 2007).

On a more general note, the majority of experimental investigations of the voicing
contrast in word-final consonants have so far relied on production data elicited in
laboratory settings and have usually assumed that tokens recorded during linguistic
experiments are representative of more spontaneously produced instances of the same
wordforms. However, whereas casual speech often involves longer stretches of connected
utterances and allows for considerable reduction and variability, experimentally-elicited
tokens are usually short, less variable and more hyperarticulated (Krause & Braida,
2002). As such, although similar patterns have sometimes been found in both laboratory
and conversational data (e.g., Purnell et al., 2005a, 2005b), the contrasts seen in
experimentally-elicited speech from Russian may or may not be characteristic of the
effects that exist in the case of non-laboratory communication, and any interpretation of

the current experimental findings and evaluation of their consequences for phonological
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theory requires a profound understanding of the relationship between speakers’ linguistic
performance when the goal of speech production and perception is successful completion
of an experimental task versus their performance when the objective of communication is
transfer of information. Therefore, follow-up research will need to compare the
realization and perceptual salience of consonantal voicing in Russian words produced in
various experimental tasks to how the same underlying contrast is manifested in more
spontaneously produced utterances. Results of this future investigation will reveal
whether any of the task-independent effects that are observed in experimentally-elicited
speech remain significant in connected utterances or whether non-laboratory
communication involves cues other than acoustic characteristics of the final consonant
(e.g., manipulation of prosodic patterns or sentence structures). Addressing these
questions will help determine the exact role of the linguistic activity in which the speaker
is engaged on the production of the voicing contrast and will make it possible to narrow
down the list of grammatical effects that must be accounted for in formal analyses.
Finally, in addition to the voicing contrast in word-final obstruents, preservation
of acoustic cues to an underlying contrast has been investigated for devoicing of word-
initial and word-medial consonants (Burton & Robblee, 1997; van de Velde & van Hout,
2001; Piroth, 2003; Beckman et al., 2009; Kleber et al., 2010), neutralization of manner
of articulation (Kim & Jongman, 1996; Simonet et al., 2008), assimilatory processes
(Nolan, 1992; Snoeren & Segui, 2003; Snoeren et al., 2006), consonantal reduction and
deletion (Rudin, 1980; Manuel et al., 1992; Kilpatrick et al., 2007), aspiration (Bishop,

2007), adjustment of vowel length and vowel reduction (Lahiri et al., 1987; Padgett &
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Tabain, 2005), and alveolar stop flapping and epenthesis (Fox & Terbeek, 1977; Charles-
Luce, 1997; Charles-Luce et al., 1999; Herd, 2007; Braver, 2011). As in the case of
obstruent voicing, some of these studies reported maintenance of the underlying contrast
in production and perception (e.g., Fox & Terbeek, 1977; Charles-Luce, 1997; Bishop,
2007; Herd, 2007), whereas other investigations found no statistically significant
differences that could potentially reveal the underlying form (e.g., Kim & Jongman,
1996; Kilpatrick et al., 2007). However, many of the methodological problems discussed
in the present dissertation also apply to research on other types of neutralization,
including reliance on small sample sizes, failure to control the stimuli for exogenous
variability, and absence of by-item analyses. Hence, the role of task-dependent effects
must be explored in more detail not only for the process of word-final devoicing but also
for other phonological phenomena before the full extent of the implications of laboratory

data can be determined and before a general model of neutralization can be proposed.
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Appendix 1: List of test items

Appendices

Num Contrast | Orthogr. Phonolog. Gloss Orthogr.  Phonolog. Gloss
form form* form form*
(Cyrillic) (Cyrillic)
1 /p~b/ | cHOn /snop/ sheaf CHOO /snob/ snob
2 /p~b/ | cepn /serp/ sickle cepb /serb/ Serb
3 /p~b/ | kpan /krap/ specks Kpab /krab/ crab
4 /p~Db/ | cronn /stolp/ pillar cTO0JI0 /stolb/ pole
5 /p~b/ | rpumm /grip/ flu rpud /grib/ mushroom
6 /p~b/ |cyn /sup/ soup 3y0 /zub/ tooth
7 /p~b/ | xasan /kPap/ gag mrab /[tab/ headquarters
8 /p~b/ | cknen /sklep/ crypt xJ1e0 /xleb/ bread
9 /p~b/ | Xpan /xrap/ snoring pad /rab/ slave
10 /p~b/ | non /pap/ priest 7100 /lob/ forehead
11 /p~b/ | mogkon /padkop/ sap COCK00 /saskob/ scraping
12 /p~b/ | cupon /sirop/ syrup cyrpo0 /sugrab/ snow-bank
13 /p~b/ | mukmon /tsiklop/  Cyclops 03HO0 /aznob/ chill
14 /p~b/ | aran /etap/ stage yxab /uxab/ bump
15 /p~b/ | ykpom /ukrop/  dill MHUKPOO /mikrob/ microbe
16 /t~d/ | xor /kot/ cat KOJI /kod/ code
17 /t~d/ | ror /got/ Goth roJ /god/ year
18 /t~d/ | por /rot/ mouth pox /rod/ gender
19 /t~d/ | ot /plot/ raft 10 (V) /plod/ fruit
20 /t~d/ | opyr /prut/ rod 110) 7)1 /prud/ pond
21 /t~d/ | myT /fut/ jester cyn /sud/ court
22 /t~d/ | ckar /skat/ stingray craj /spad/ decline
23 /t~d/ | cer /svet/ light cien /sled/ trace
24 /t~d/ | uBer /tsvet/ color 1 (S /pled/ rug
25 /t~d/ | Opar /brat/ brother KJaj /klad/ treasure
26 /t~d/ | nupar /pirat/ pirate napaj /parad/ parade
27 /t~d/ | camar /salat/ salad JIOKJIa /daklad/ report
28 /t~d/ | xuBOT /3ivot/ stomach 3aBOJ /zavod/ factory
29 /t~d/ | marHuT /magnit/ magnet ruOpuI /gibrid/ hybrid
30 /t~d/ | numot /pilat/ pilot KOMOJT /kamod/ commode
31 /k~g/ | pok /rok/ fate por /rag/ horn
32 /k~g/ | 6ok /blok/ block oJor /blag/ blog
33 /k~g/ | cTok /stok/ drain cTOT /stog/ haystack
34 /k~g/ | mak /mak/ poppy Mmar /mag/ magician
35 /k~g/ | nyx /luk/ onion JIyT /lug/ meadow
36 /k~g/ | 3max /zlak/ grass ¢nar /flag/ flag
37 /k~g/ | rpek /grek/ Greek CHer /sneg/ SNOW
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38
39
40
41
42
43
44
45

46
47
48
49
50
51
52
53
54
55

56
57
58
59
60
61
62
63
64
65

66
67
68
69
70
71
72
73
74
75

/k ~ g/
/k~g/
/k~g/
/k~g/
/k~g/
/k~g/
/k ~ g/
/k~g/

/f~v/
/f~v/
/f~v/
/f~v/
/f~v/
/f~vl/
/f~v/
/f~vl/
/f~v/
/f~v/

BHYK
TOJIK
¢bpank

YPOK
OTCCK

KITyOOK
Oapak
KaOIyK

rpad
mrpad
med
oed
nyd
xupad
penbed
urepud
Tapud
mactug

HOC
BEC
puc
Tpyc
qac
WHIYC
MOJTHOC
KOKOC
penuc
3amac

yn
Ky
(apm
épiu
KJIEI
TYJISII
I1ajamt
ajKar
JaBal
YyBalll

/vnuk/
/tolk/
/frank/
furak/
/atsek/
/klubok/
/barak/
/kabluk/

/grat/
/[traf/
/[et]
/blef/
/puf/
/3irat/
/reljef/
[ferif/
/tarif/
/mastif/

/mnos/
/ves/
[ris/
/trus/
/tfas/
/indus/
/padnos/
/kakos/
/redis/
/zapas/

/duf/
/kuf/
/farf/
fjorf/
/kof/
/gulaf/
/falaf/
/alkaf/
/lavaf/
/tfuvaf/

grandson
sense

frank

lesson
compartment
roll

barrack

heel

count

fine

chief

bluff

pouf
giraffe
topography
sheriff
tariff
mastiff

nose
weight
rice
coward
hour
Hindu
tray
coconut
radish
stock

shower
jackpot
mince
ruffe
flare
goulash
hovel
drunkard
pita
Chuvash

apyr
JIOJIT
HUIaHT
MUPOT
KOBYET
caror
oBpar

Ccymnpyr

HpaB
CIUIaB
JeB
XJIEB
KJIIOB
yzaB
MIPUTIEB
MIOJIUB
3aJIUB
MOTHUB

BO3
cpes
npu3
py3
JoKa3
ap0y3
THITHO3
HapKO3

KpyH3
OTKa3

MYyX

VK
TIrapsK
KOPXK
Ex
MYJISDK
CTEIIIaX
MOHTaX
Oarax
BHPAXK

/drug/
/dolg/
/flang/
/pirag/
/kavtfeg/
/sapog/
/avrag/
/suprug/

/nrav/
/splav/
/lev/
/xlev/
/kluv/
/udav/
/pripev/
/paliv/
/zaliv/
/mativ/

/voz/
/srez/
/priz/
/gruz/
/dzaz/
/arbuz/
/gipnoz/
/markoz/
/kruiz/
/atkaz/

/muz/
/uz/
/[ar3/
/korz/
/jo3/
/mul'az/
/stelaz/
/mantaz/
/bagaz/
/viraz/

friend
debt
hose
pie
ark
boot
ravine
spouse

temper
alloy
lion
stable
beak
boa
chorus
watering
bay
motive

carriage

cut

prize

load

jazz
watermelon
hypnosis
anaesthesia
cruise
rejection

husband
adder
caricature
layer
hedgehog
waxwork
shelving
assembly
luggage
turn

* - Phonological forms reflect vowel reduction in unstressed syllables. Predictable palatalization

1s not shown.
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Appendix 2: List of fill-in-the-blank descriptions

Num. FinalC :zjr;:‘lllfl(;;m Fill-in-the-blank description
1 /p/ TPHIIIT SMUACMUS, HHPEKIHSI, CBHHOH ........
2 /p/ KJIST 1acTh, 3aTHIYKA, TPAIMHYHBIHA ........
3 /p/ Kparl KapThbl, METKA, HE3AMETHBIH ........
4 /p/ TTOAKOTI TIOpbMa, TOOET, ........ IO CTEHY
5 /p/ CHPOII caxap, KOHIIEHTPUPOBAHHBIN PACTBOP, TYCTOH ........
6 /p/ CKJIeT MTOJI36MHAs yChINAIBHUIA, (DaMUIBHBIMH ........
7 Ip/ CTOJII JBopuoBast MIomaab, KOJIOHHA, AJIEKCAaHIPUNACKHH ........
8 p/ Xpar COH, JBIXaHUE, TPOMKHH ........
9 /p/ aTan oer, acradeTa, MOCICAHUH ........
10 /b/ 03HOO BBICOKasl TEMIIepaTypa, APOKb, CHIbHBIH ........
11 /b/ cepo 3arpe0 - xopBat, benrpan - ........
12 /b/ CHOO BBICOKOMEPHEIH YeIIOBEK, Ha3BaHHE KypHATA, ........
13 /b/ COCKOO MEIUIIMHCKUIA aHAIU3 - ........ Ha SHTEPOOHO03
14 /b/ Cyrpo6 3WMa, 000YWHA JIOPOTH, BRICOKHHA. .......
15 /b/ yxab BBIOOWHA HA AOPOTe, TITyOOKHH ........
16 /b/ mtad apMus, TJIaBHAs CTaBKa, TCHCPAIBHBIN ........
17 It/ opat JI0Yb - ChIH, CECTPA - ........
18 i roT PO30BBIH - 3MO, YEPHBIH - ........
19 It/ MAJIOT KOpaOJIb - KATUTAH, CAMOJIET - ........
20 1/ pyT METAINTHYECKUN CTEPIKEHb, )KETE3HBIH ........
21 It/ port co0aka - MacTh, YEIIOBEK - ........
22 /t/ cajar KOJIa - HAIIUTOK, OJIUBLE - ........
23 /t/ CBET COJIHIIC, JIAMIIA, IPKHH ........
24 / IIBET TyXH - 3aIaX, KPacKH - ........
25 It/ LIyT CPEIHEBEKOBbE, KJIOYH, IPUABOPHBIH ........
26 /d/ ruopua pe3yJIbTaT CKPEIIUBAHHUS - ........
27 /d/ rox BHCOKOCHBIH, MPOIUIBIA, HOBBIH ........
28 /d/ JOKJIaJ KOH(epeHIIHs, BEICTYIJICHUE, HAYYHBIH ........
29 /d/ KOJ 0aHK, KapTa, MUH-........
30 /d/ napaj Heus [ToOeabl, maomanas, BOGHHBIH ........
31 /d/ IS HaKHUJKa, IOKPHIBAJIO, IIEPCTIHOM ........
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32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

/d/
/d/
/d/
/d/
/d/
/d/
/k/
/k/
/k/
/k/
/k/
/k/
/k/
/k/
/k/
/k/
/k/
g/
'y
g/
g/
g/
'y
g/
g/
g/
/1]
/]
/1]
/]
/]
/7
v/
v/
A%

1) (V)
pyAa
poAa
cien
craj
cya
Oapak
0JI0K
BHYK
rpek
37IaK
OTCEK
pOoK
CTOK

TOJIK

YPOK

(hpank
oJor

J0JIT
Apyr
KOBYET
JIyr
Mar
oBpar
CHET
cynpyr
oned
rpad
penbed
Tapud
mred
mrpad
3aJIMB
MOTHB

HpaB

Anawm, EBa, 3alIpeTHBIH .......

MaJICHbKHI BOJOCM, I/ICKYCCTBGHHLIﬁ

rpaMMaTuKa, CKJIOHCHHC, CpeI[HI/Iﬁ

OTIIEYaTOK OOYBH, ........ HOTH

KPHU3HC, YOBITKHA, SKOHOMHYECKAN

MUPOBOM, IPAKJAHCKUN, BEPXOBHBIM ...

KIIbE IS PaO09rX, OTHOITAKHEIH ........

KOMIIBIOTEP, TIPOIIECCOP, CHCTEMHBIH ...

OT€II - ChIH, ACH - ........

Manpwun - ucnianen, AQuHs -
SI0JI0KO - QPYKT, POXKD - ......

KOpalJib, TPIOM, TPY30BOH ..

Cyap0a, HeCHYacThe, 3JI0H ...

KpBILIa, CIMBHAA TpyOa, BOJIO

I0JIB34, TIPOK, ........ B JIeJIe

YHUBEPCHUTET - JIEKLIKs, IIKOJA - .

Awmepuka - momap, [IBefnapus -

uHTepHeT, Kupoii XypHan, NOnyIsapHBIi ........

cobaxka - ........ YeIoBeKa
BCeMHUpHBIN noton, Hoes ...

IOKOC, MACTOMIIIE, 3CIEHBIH

Yyapoiel, BOJIIICOHHK, OeITbIi

3C€MJIA, rny601<a5{ BIIagWHA, Z[J'IPIHHLH?I

3UMa, OCAJKH, ITaJaFOIIUH ..

YKEHUX, TI0CNIE CBaAbObI, OPHUIIMATBHBINA CTATYC -

00MaH B IOKEPE - ........

bankonckuii - kas13b, Monte-Kpucro -

3EMJIA, IOBEPXHOCTHD, ........ MECTHOCTH

COTOBasI CBSI3b, aKIIMs, BHITOTHBIN

pecTopaH, KyXHs, ........ - TIoBap

0e30MIIeTHUK, HAKa3aHKE, ICHEKHBIN

Mexkcukanckuii, @uHckui, [lepcuackuti ........

NNpruvinHa, MOBOJ MPECTYIJICHUA -

YeJI0BEK, XapaKTep, KpyTor
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67 v/ IIOJINB BOJa, Ta30H, aBTOMATUYECKHUH ........

68 v/ MpUIeB MECHS, TTOBTOPSIIOIIASICS YaCTh, ........
69 v/ CIUTaB COCIMHCHHUE METAJUIOB - MPOYHBIH ........
70 v/ XJICB JIEPEBHS, capaid, KOPOBHH ........
71 /s/ BEC UeTa, KWIOTPamMM, JTUIIHUH ........
72 /s/ 3arac 3HAHUE CJIOB - CJIOBAPHBIH ........
73 /s/ WHYC [lexwnn - kuraen, Hero-/lemn - ........
74 /s/ puc Poccus - kaprodens, Kuraii - ........
75 /s/ PYC e HE UTPaeT B XOKKEH
76 /s/ qac CEKYHJIa, MHHYTA, ........
77 /z/ BO3 Kpsuios, 6acHs, a ........ M HBIHE TaM
78 /z/ TUITHO3 BHYIIICHHE, TOTPYKEHHUE B TPAHC - ........
79 /z/ rpy3 TSDKEJBIA YEMOJaH, HETTOCUJIBHBIH ........
80 /z/ ToKa3 MYy3bIKa, CAKCOPOH, aMEPUKAHCKHUH ........
81 /z/ Kpyu3 TEIUIOXO, MOPCKOE ITyTEMIECTBHE, HEACTBHBIH ........
82 /z/ HapKo3 orepalus, UICKYCCTBEHHBIH COH, ........
83 /z/ OTKa3 MPOCK0a, OTPUIATETHHBIN OTBET - ........
84 /z/ mpu3 KOHKYypC, To0ena, TIaBHbIH ........
85 /z/ cpes OCTPBIN CKaJIbIIEIb, IONEPEUHBIH ........
86 /[l aJIKaril AJIKOTOJIUK, MbSIHULIA, OSCIIPOOYAHBIH ........
87 /[l CYJISIIT MSICO KyOUKaMU, IMMOJINBKA, TOBSDKHM ........
88 /f1 €pm MIPECHOBOJIHAS PbIOa, KOMOUHHA ........
89 /[l KIIET MODSIK, ITUPOKAs IITaHWHA, OPIOKH ........
90 /f1 Ky JI€HbT Y, BBIUTPHIII, COPBATH ........
91 /f/ JIaBaIl MIPECHOE TECTO, JIEMENIKA, APMSIHCKH ........
92 /f/ qyBall Kazans - Tatapun, YeOokcapsi - ........
93 /3/ Oarax MaCCaXXUp, BEIIH, PYIHOH ........
94 3/ BHUpaX CKOPOCTb, KPYTOU MTOBOPOT, BIUCATHCS B ........
95 /3/ KOPIK MUIIA, TECTO, TOHKHUH ........
96 /3/ MOHTaXK doromomn, uamenénnast pororpadus, Goro-........
97 /3/ MYK HEBECTa - )KCHUX, KEHA - ........
98 /3/ MYJISIK MOJIETb IPEAMETA, BOCKOBOH ........
99 /3/ YK MaJIeHbKas 3Mesl, 0€300UIHBIH ........
100 /3/ apx 3apUCOBKAa, KapUKaTypa, APY>KECKUI ........
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Appendix 3: List of vector images

Orth. form Orth. form
Num. Final C (Cyrillic) Num. Final C (Cyrillic)

1 p/ TOTI 26 /k/ YK

2 p/ cepn 27 /k/ MaK

3 /p/ CHOIl 28 /g/ MUPOT

4  Jp/  cym 29 /9/  por

5 p/ YKpOII 30 l9/ camor

6 /p/ LUKJIOT 31 /9/ CTOT

7 /b rpubd 32 /9 ¢nar

8 /b/ 3y0 33 /9/ [UTaHT

9 /b/ Kpab 34 /7 xupad
10 /b/ 7100 35 /1] mMactug
11 /b/ MHUKPOO 36 /] myd
12 /b/ pab 37 // epud
13 /b/ CTOJIO 38 v/ KITIOB
14 /b/ x1ed 39 v/ neB
15 /t/ JKUBOT 40 v/ yaaB
16 1t/ KOT 41 /s/ KOKOC
17 It MAarHUT 42 /s/ HOC
18 /t/ mpar 43 /s/ HOIHOC
19 It/ IJIOT 44 /s/ peauc
20 It cKar 45 /z/ apOy3
21 /d/ 3aBOJI 46 /[l Iy
22 /d/ KJ1aJ1 47 /f/ (hapi
23 /d/ KOMOJT 48 /f/ IaJant
24 /k/ KabIyK 49 /3/ €x
25 /k/ KIIyOOK 50 13/ CTEIIaX
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Appendix 4: Plosive-final monosyllabic MPs - Results of RM ANOVAs (production data)

By-Subject By-Item Meets
Factor | Measure df, df, CI;;t)érIi";n
F, D F, P

UR-voice | V. dur. 1,74 | 18.53 |.000 | 1,24 | 042 | .522

CL. dur. 1,74 | 40.07 |.000 | 1,24 | 11.59 | .002

Rel. dur. 1,74 | 33.21 |.000 | 1,24 | 9.75 | .005

CL. voi. 1,74 | 73.94 |.000 | 1,24 | 207.03 | .000
C-place | V. dur. 1,74 | 64.57 |.000 [2,24 | 296 | .071

CL. dur. 1,74 | 22.18 | .000 [2.24 | 7.98 | .002

Rel. dur. 1,74 | 26.95 | .000 |2,24 | 17.56 | .000

CL. voi. 1,74 | 1126 |.000 |2.24 | 8.68 | .001
Group V. dur. 3,74 | 0.64 | .588 (124 | 8.78 | .000

Cl. dur. 3,74 | 0.14 | 938|124 | 1.06 | .363

Rel. dur. 374 | 030 |.826|124| 252 | .078

Cl. voi. 3,74 | 5.00 |.003|1,24| 52.86 | .000 v
UR-voice | V. dur. 1,74 | 0.14 | 851|224 | 0.01 | .996
x C-place | ¢ gyr. 1,74 | 139 |.252(224| 028 | .755

Rel. dur. 1,74 | 534 |.006 224 | 192 | .169

Cl. voi. 1,74 | 3.51 |.033 |2,24| 2.58 | .096
UR-voice | V. dur. 3,74 | 0.18 | 912 (124 | 0.15 | .907
x Group | ¢ dur. 3,74 | 2.11 | .106 [ 1,24 | 230 | .090

Rel. dur. 3,74 | 123 | 305 (124 | 131 | 279

Cl. voi. 3,74 | 9.43 |.000 [ 1,24 | 44.13 | .000 Vv
C-place | V. dur. 3,74 | 070 | .648 |224| 0.82 | .542
x Group | CI. dur. 3,74 | 133 | .252(224| 295 | .015

Rel. dur. 374 | 079 | .576 |2,24 | 127 | 291

CL. voi. 3,74 | 0.58 |.740 [2.24 | 0.74 | .595
UR-voice | V. dur. 3,74 | 021 |.968 |224| 0.19 | .978
x C-place| ¢y qyr. 3,74 | 094 | 466 (224 | 0.74 | .609
x Group

Rel. dur. 3,74 | 036 |.905 (224 | 028 | .921

Cl. voi. 3,74 | 078 | .583 (2,24 | 1.01 | .422
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Appendix 5: Plosive-final monosyllabic non-MPs - Results of RM ANOVAs (production data)

By-Subject By-Item Meets
Factor | Measure df, df, F}xl."‘z
F, p F, P Criterion

UR-voice | V. dur. 1,74 | 347 |.067 |124| 0.67 | .421

Cl. dur. 1,74 | 327 |.075|124| 2.15 | .156

Rel. dur. 1,74 | 13.26 | .000 | 1,24 | 16.48 | .000 v

Cl. voi. 1,74 | 50.22 | .000 | 1,24 | 327.87 | .000 v
C-place V. dur. 1,74 | 53.02 | .000 | 2,24 | 17.68 .000 v

CL. dur. 1,74 | 14.95 | .000 |2,24 | 28.72 | .000 Vv

Rel. dur. 1,74 | 26.15 | .000 | 2,24 | 69.09 | .000 v

CL. voi. 1,74 | 17.63 | .000 | 2,24 | 48.19 | .000 Vv
Group V. dur. 3,74 | 030 |.821 |1,24| 3.60 | .029

CL. dur. 3,74 | 006 |.982|124| 1.10 | .350

Rel. dur. 374 | 033 |.802|124| 521 | .003

CL. voi. 3,74 | 3.43 | .021 |1,24| 82.77 | .000 v
UR-voice | V. dur. 1,74 | 1.00 | .368 |2,24| 0.16 | .853
x C-place | ¢ gyr. 1,74 | 1.67 |.510 |224| 0.77 | 474

Rel. dur. 1,74 | 0.18 | .827 |2,24| 0.11 | .899

Cl. voi. 1,74 | 1.12 | .327 |2,24| 320 | .058
UR-voice | V. dur. 3,74 | 031 | 819 [124| 022 | .826
x Group | ¢y dur. 3,74 | 144 | 237124 192 | 144

Rel. dur. 3,74 | 091 | .442 (124 1.79 | .159

Cl. voi. 3,74 | 9.54 | .000 | 1,24 | 56.67 | .000 v
C-place | V. dur. 3,74 | 025 |.958 |2,24| 0.48 | .769
x Group | CI. dur. 3,74 | 1.19 | 317 |2,24| 3.01 | .017

Rel. dur. 374 | 072 | .629 |224| 298 | .013

Cl. voi. 3,74 | 070 | .645 (224 | 157 | 172
UR-voice | V. dur. 3,74 | 029 |.933(224| 031 | .887
x C-place| ¢ gyr. 374 | 143 | 208]224] 180 | .125
x Group

Rel. dur. 374 | 125 | 284 |224| 176 | .122

Cl. voi. 3,74 | 087 |.509 [224| 1.79 | .116
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Appendix 6: Plosive-final disyllabic non-MPs - Results of RM ANOVAs (production data)

By-Subject By-Item Meets
Factor | Measure df, df, F}xl."‘z
F, p F, P Criterion

UR-voice | V. dur. 1,74 | 528 |.024 |124| 0.81 | .377

Cl. dur. 1,74 | 0.60 | .442 | 124 | 042 | .521

Rel. dur. 1,74 | 083 |.365|124| 0.57 | .459

Cl. voi. 1,74 | 72.54 | .000 | 1,24 | 124.10 | .000 v
C-place V. dur. 1,74 | 6524 | .000 | 2,24 | 17.25 .000 v

CL. dur. 1,74 | 13.17 |.000 | 2,24 | 18.39 | .000 v

Rel. dur. 1,74 | 23.51 |.000 | 2,24 | 24.51 | .000 v

CL. voi. 1,74 | 873 |.000 |2.24 | 8.97 | .001 v
Group V. dur. 3,74 | 0.68 | .565[124| 540 | .002

CL. dur. 3,74 | 0.02 |.997 [124| .49 661

Rel. dur. 374 | 036 |.780 (124 | 258 | .079

CL. voi. 3,74 | 628 |.001 [ 1,24 | 106.93 | .000 v
UR-voice | V. dur. 1,74 | 023 |.797 |224| 0.04 | .965
x C-place | ¢ gyr. 1,74 | 0.52 | .580 |2,24| 0.14 | .871

Rel. dur. 1,74 | 0.18 | .808 [2.24 | 0.07 | .931

Cl. voi. 1,74 | 0.11 |.891 (224 | 0.10 | .904
UR-voice | V. dur. 3,74 | 022 | .883 (124 | 0.11 | .932
x Group | ¢y dur. 3,74 | 1.05 |.376 1,24 | 233 | .091

Rel. dur. 3,74 | 0.81 | .493 | 1,24 | 0.78 | 477

Cl. voi. 3,74 | 14.60 | .000 | 1,24 | 55.30 | .000 v
C-place | V. dur. 3,74 | 154 | .169 (224 | 1.78 | .132
x Group | CI. dur. 3,74 | 099 | .433(224| 3.55 | .006

Rel. dur. 3,74 | 028 | .944 (224 | 0.3 | .735

Cl. voi. 3,74 | 1.14 | 340 [224 | 263 | .023
UR-voice | V. dur. 3,74 | 0.12 | .994 (224 | 0.06 | .997
x C-place| ¢ gyr. 3,74 | 074 | .610 224 090 | 492
x Group

Rel. dur. 3,74 | 0.16 | .981 [224 | 0.18 | .960

Cl. voi. 3,74 | 042 | 860 [224| 0.70 | .633
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Appendix 7: Fricative-final monosyllabic non-MPs - Results of RM ANOVAs
(production data)

By-Subject By-Item Meets
Factor | Measure df, df, CI;;t)érIi";n
F, D F, P

UR-voice | V. dur. 1,74 | 12.62 |.001 [124| 0.13 | .717

F. dur. 1,74 | 79.32 |.000 | 1,24 | 17.82 | .000

Cl. voi. 1,74 | 31.32 |.000 | 1,24 | 75.52 | .000
C-place | V. dur. 1,74 | 7.07 |.001 |224| 0.13 | .876

F. dur. 1,74 | 87.59 |.000 | 2,24 | 29.65 | .000 v

CL. voi. 1,74 | 1.14 | 312224 | 0.60 | .554
Group V. dur. 3,74 | 0.53 | .665 124 | 933 | .000

F. dur. 3,74 | 028 | .838 124 | 6.60 | .001

CL. voi. 3,74 | 5.10 |.003 [1,24 | 51.15 | .000 v
UR-voice | V. dur. 1,74 | 13.75 |.000 [ 2,24 | 0.12 | .890
x C-place | gy, 1,74 | 459 |.013 224 | 055 | .582

Cl. voi. 1,74 | 1.57 | 214|224 | 045 | .643
UR-voice | V. dur. 3,74 | 327 |.026 [124| 201 | .130
xGroup | g qyr, 3,74 | 240 | .075[124| 462 | .006

CL. voi. 3,74 | 5.68 | .001 [1,24 | 47.02 | .000 v
C-place | V. dur. 3,74 | 0.67 | .670 [224| 093 | 469
x Group | F. dur. 3,74 | 1.16 |.331(224| 280 | .019

Cl. voi. 3,74 | 0.60 |.691 [224| 1.06 | .393
UR-voice | V. dur. 3,74 | 1.92 |.082 (224 | 1.11 | .363
x C-place| gy, 3,74 | 023 |.961(224] 035 | .899
x Group :

Cl. voi. 3,74 | 0.61 |.690 (224 | 0.89 | .497
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Appendix 8: Fricative-final disyllabic non-MPs - Results of RM ANOVAs (production data)

By-Subject By-Item Meets
Factor | Measure df, df, F}xl."‘z
F, p F, P Criterion

UR-voice | V. dur. 1,74 | 15.19 |.000 | 1,24 | 0.58 | .455

F. dur. 1,74 | 23.78 | .000 | 1,24 | 14.94 | .001

CL. voi. 1,74 | 34.14 |.000 | 1,24 | 345.98 | .000
C-place V. dur. 1,74 3.96 .022 12,24 0.21 812

F. dur. 1,74 | 79.07 |.000 | 2,24 | 53.82 | .000 v

CL. voi. 1,74 | 145 |.239(224| 320 | .059
Group V. dur. 374 | 0.63 |.602 |1,24| 7.88 | .000

F. dur. 3,74 | 023 | .874|124| 6.01 | .002

Cl. voi. 3,74 | 527 |.002 |1,24 | 156.24 | .000 v
UR-voice | V. dur. 1,74 | 498 |.008 |224| 0.14 | .869
x C-place | g qyr. 1,74 | 3.75 |.028 |224| 094 | .405

CL. voi. 1,74 | 074 | .437(224| 126 | 301
UR-voice | V. dur. 374 | 225 |.089 |1,24| 124 | 302
x Group | g qyr, 3,74 | 161 |.195|124| 3.58 | .025

Cl. voi. 3,74 | 5.62 |.002 |1,24 | 130.63 | .000 v
C-place | V. dur. 374 | 138 |.229(224| 083 | .530
x Group | F. dur. 3,74 | 098 | .437[224| 248 | .042

CL. voi. 374 | 137 | 246 |224| 627 | .000
UR-voice | V. dur. 3,74 | 148 |.189 |224| 0.75 | .582
x C-place | g qyr. 3,74 | 021 | 969|224 034 | 884
x Group :

CL. voi. 3,74 | 1.00 | .412 |224| 395 | .004
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Appendix 9: Plosive-final monosyllabic MPs - Results of RM ANOVAs (perception data)

By-Subject By-Item Meets
Token | Factor | Measure df df, FixF,
type ! F P F P Criterion
1 2
UR-voice | %-voiced 1,51 | 660.09 | .000 | 1,24 | 173.68 | .000
RT 1,51 0.29 593 11,24 0.01 .904 \Y
C-place | %-voiced 2,51 0.76 474 1224 | 4.26 .026
RT 2,51 290 |.064 (224 | 23.57 | .000
P-Group | %-voiced 2,51 | 1525 | .000 | 1,24 | 3.85 .016 v
E RT 2,51 7.30 |.000 1,24 | 2.86 .052
:E UR-voice | %-voiced 2,51 | 45.16 | .000 | 2,24 | 12.12 | .000 v
E x C-place | gT 2,51 3.89 .027 12,24 | 0.51 .605
5 UR-voice | %-voiced 1,51 | 66.13 | .000 | 1,24 | 13.23 | .000 Y
= |xP-group [ RT 1,51 | 034 |.782[124] 023 | .848
C-place | %-voiced 2,51 3.91 .002 (2,24 0095 453
x P-group | RT 2,51 444 | .001 |2,24| 2.26 .057
UR-voice | %-voiced 2,51 7.81 .000 | 2,24 1.68 .147
x C-place | RT 2,51 1.99 .076 | 2,24 1.29 278
x P- group
UR-voice | %-voiced 1,51 | 465.23 | .000 | 1,24 | 197.63 | .000 Y
RT 1,51 8.54 |.005 1,24 1.20 284
C-place | %-voiced 2,51 0.79 459 12,24 | 7.36 .003
RT 2,51 0.79 457 12,24 1 13.58 | .000
P-group | %-voiced 2,51 | 17.12 | .000 | 1,24 5.65 .002 Y
—'g RT 2,51 | 1240 | .000 | 1,24 | 5.31 .005 v
g UR-voice | %-voiced 2,51 | 37.82 | .000 | 2,24 | 16.87 | .000 Y
_E’ x C-place | RT 2,51 2.13 129 12,24 1 0.30 746
T':s UR-voice | %-voiced 1,51 | 43.40 | .000 (1,24 | 13.98 | .000 \Y
= x P-group | RT 1,51 2.57 .067 | 1,24 1.78 173
C-place | %-voiced 2,51 3.67 .002 | 2,24 1.00 427
x P-group | pT 2,51 1.38 230 12,24 | 0.58 .703
UR-voice | %-voiced 2,51 1.30 |.262 (224 | 048 .808
x C-place | T 2,51 1.61 161 | 2,24 1.15 346
x P- group

260




Appendix 10: Plosive-final monosyllabic non-MPs - Results of RM ANOV As
(perception data)

By-Subject By-Item Meets
Factor | Measure df df, FixF,
! F, » F, p Criterion
UR-voice | %-voiced 1,51 | 393.60 | .000 | 1,24 | 174.08 | .000 v
RT 1,51 | 1.856 |.179 [1,24| 028 | .602
C-place | %-voiced 251 | 068 |.512(224| 514 | .014
RT 2,51 | 085 |.432 (2,24 11.46 | .000 v
P-group | %-voiced 251 | 737 |.000 [1,24| 361 | .024 v
RT 2,51 | 7.20 [.000|1,24| 535 | .005 v
UR-voice | %-voiced 2,51 | 27.61 |.000 |2,24 | 11.95 | .000 Vv
xCplace Fpp 251 | 029 |.748 (224 | 0.07 | .935
UR-voice | %-voiced 1,51 | 1828 |.000 [ 1,24 | 9.57 | .000 v
x P-group ['pp 1,51 | 1.88 | 145124 1.15 | 330
C-place | %-voiced 2,51 | 215 |.059 (224 123 | 307
x P-group | p 251 1.29 |.267 [224| 080 | .547
UR-voice | %-voiced 251 | 056 |[.752 1224 029 | 918
x C-place
RT 251 | 205 |.075[224| 148 | 213
x P- group
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Appendix 11: Plosive-final disyllabic MPs - Results of RM ANOV As (perception data)

By-Subject By-Item Meets
Factor | Measure df, df, F 1 X 1.’72
F, » F, P Criterion
UR-voice | %-voiced 1,51 | 253.18 | .000 | 1,24 | 94.95 | .000 v
RT 1,51 | 096 |.331|1,24| 0.53 472
C-place %-voiced 2,51 | 091 | .411(2,24| 6.03 .008
RT 2,51 | 0.78 | .463 |2,24 | 20.94 | .000
P-group %-voiced 2,51 | 12.14 | .000 | 1,24 | 5.76 .002 \%
RT 2,51 | 242 |.077 | 1,24 | 2.93 .053
UR-voice | %-voiced 2,51 | 23.15 | .000 | 2,24 8.28 .002 \%
x C-place | p 2,51 2.56 .088 | 2,24 1.33 284
UR-voice | %-voiced 1,51 | 25.40 | .000 | 1,24 | 12.12 .000 V
x P-group | R 1,51 | 228 |.088 1,24 | 284 | .057
C-place %-voiced 2,51 | 196 |.082|224| 1.07 .386
x P-group | p 2,51 0.39 .865 | 2,24 0.49 776
UR-voice | %-voiced 2,51 | 1.57 |.167 |2,24| 0.82 542
x C-place | p 2,51 | 1.18 |.322(224| 284 | .057
x P-group
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Appendix 12: Fricative-final monosyllabic non-MPs - Results of RM ANOVAs
(perception data)

By-Subject By-Item Meets
Factor Measure df, df, CI;;t)érIi";n
F, y/ F, V4
UR-voice | %-voiced 1,51 | 241.23 | .000 | 1,24 | 38.60 | .000 v
RT 1,51 | 079 |.377 124 | 0.11 | .748
C-place %-voiced 2,51 | 0.65 |.525(224| 101 | 377
RT 2,51 | 043 |.655|224| 391 | .034
P-group %-voiced 1,51 | 2.82 |.044|1,24| 123 | .303
RT 1,51 | 2.11 |.107 | 124 | 1.03 | 375
UR-voice | %-voiced 2,51 | 18.23 |.000 |2,24 | 2.81 | .080
x C-place | p 2,51 | 037 |.696 224 0.04 | .959
UR-voice | %-voiced 1,51 | 29.53 |.000 | 1,24 | 10.45 | .000 v
xP-group | pT 1,51 | 123 |.299 124 | 133 | 273
C-place %-voiced 2,51 | 4.04 |.001 |224| 206 | .083
xP-group | pT 251 | 1.94 |.084[224| 092 | .471
UR-voice | %-voiced 2,51 | 147 |.199 |224| 049 | .780
xC-place | pp 251 | 053 |.778 224 | 063 | .676
x P-group
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Appendix 13: Fricative-final disyllabic non-MPs - Results of RM ANOVAs
(perception data)

By-Subject By-Item Meets
Factor | Measure df df, FixF,
! F, » F, p Criterion
UR-voice | %-voiced 1,51 | 232.28 | .000 | 1,24 | 32.51 | .000 v
RT 1,51 | 250 |.120 124 | 026 | .611
C-place | %-voiced 2,51 | 033 |.717|224| 027 | .766
RT 251 | 040 |.670 |224| 2.86 | .077
P-group | %-voiced 2,51 | 130 |.276 124 075 | .506
RT 251 | 289 |.042|124| 198 | .131
UR-voice | %-voiced 2,51 | 20.145 | .000 | 2,24 | 2.73 | .085
xCplace Fpp 251 | 205 |.139(224| 026 | .773
UR-voice | %-voiced 1,51 | 24.64 | .000 [ 1,24 | 10.30 | .000 v
x P-group ['pp 1,51 | 3.62 |.016|124| 262 | .064
C-place | %-voiced 2,51 | 720 |.000|224| 3.52 | .007 v
x P-group | p 251 | 1.01 |.419 (224 | 1.01 | .421
UR-voice | %-voiced 2,51 | 220 |.050[224| 1.08 | .382
x Coplace | 251 | 174 | 118224 130 | 273
x P-group ’ ’ ’ i ’ ’

264



