Introduction
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Phonotactics refers to the principles according to which lan-
guages allow sound combinations and segment sequencing to form
larger units such as syllables and words. In the study of phono-
tactics, we are faced with a series of apparent contradictions and
empirical problems that require critical comparisons of alternative
explanatory models and, most often, an investigation of the ‘inter-
faces’ between phonotactics and other levels of linguistic organiza-
tion, particularly phonetics and morphology. One problematic aspect
is due to the fact that phonotactics is part of the phonological gram-
mar of a language, and at the same time it is regulated by a number
of non-categorical, probabilistic constraints and preferences. It is
thus not surprising that the awareness among linguists regarding
the role of probability, so crucial in accounting for changes and vari-
ations across languages and historical stages (Bod et al. 2003), has
developed early in connection with observations on the variability in
the ‘phonotactic grammar’ of speakers (e.g. Scholes 1966) and on the
changing degrees of ‘acceptability’ of word-sized strings (later called
‘wordlikeness’ — a term that explicitly presupposes a probabilistic
view of the phonology). A second challenging issue related to phono-
tactics has to do with the universal versus language-specific nature
of phonotactic rules and preferences. Asking what is common to all
linguistic systems and what, by contrast, is implemented in individ-
ual phonologies under specific conditions has promoted the adoption
of a variety of empirical methodologies ranging from the survey of
big samples of languages to the psycholinguistic study of how pho-
notactic structures are processed and acquired, and from probability
computations to the investigation of how consonantal and vocalic
sequences are produced and perceived.

This paper collection originated as the Second International
Workshop on Phonotactics and Phonotactic Modeling (PPM 2013),
which was held in Pisa, Italy in November of 2013 and jointly organ-
ized by the Scuola Normale Superiore di Pisa and the Université de
Paris Ouest.

The articles collected here are a selection of the papers that were
presented at the workshop; we warmly acknowledge the authors for
their enthusiasm in engaging in this project, their intellectual work
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on the initial proposals, and their patience in complying with the
many requests from reviewers and guest editors.

This volume can be considered a continuation of the 2014 the-
matic issue of Language Sciences (Elsevier) “Theoretical and empiri-
cal approaches to phonotactics and morphonotactics” (Calderone,
Celata & Laks 2014), which originated during the First International
Workshop on Phonotactics and Phonotactic Modeling (Cortona, Italy)
and the thematic session of the 43th Poznan Linguistic Meeting 2012
“Theory and evidence in the study of phonotactics”. It therefore testi-
fies to the living interest in the cross-linguistic, empirically grounded
study of phonotactics and in its interfaces. As this preface is being
written, the call for papers for PPM 2015 - Third International
Workshop on Phonotactics and Phonotactic Modeling (University of
Vienna, 26"-27%* November, 2015) has just been circulated.

The presentations that were given at PPM 2013 were centred
around three thematic sessions: “Phonotactics and frequency, pho-
notactic modelling”, “Phonotactics and language acquisition”, and
“Phonotactics and speech production”. Although the three issues of
frequency, acquisition and production are indeed related to each other
and most papers deal with more than one issue at a time, the organi-
zation of the present volume can be seen as broadly following that
thematic partition.

The first three papers deal with cluster complexity and fre-
quency from a typological perspective. The paper by Stefan A. Frisch
(University of South Florida) examines the distribution of sonor-
ity sequencing (i.e. the preference for clusters having larger steps
in sonority difference toward the peak of the syllable) and sonor-
ity modulation (i.e. the preference for clusters having larger steps in
sonority difference, regardless of sequencing) in a sample of fourty-
seven languages, and in the phonology of Spanish (according to the
frequency count of Spanish medial clusters in the lexicon). Both pref-
erences have been said to be articulatorily or perceptually motivated
(e.g. Lindblom 1983, Ohala & Kawasaki-Fukumori 1997), and as
such, are expected to be typologically found across languages as well
as quantitatively represented in the frequency with which specific
clusters occur within a language. The hypothesis is confirmed by the
typological survey and the frequency analysis of Spanish clusters, and
the paper thus demonstrates the probabilistic nature of functionally
based phonological restrictions.

The paper by Katarzyna Dziubalska-Kotaczyk (University of
Poznan) discusses implications of the NAD model of phonotactic com-
binations (Dziubalska-Kotaczyk 2009, 2014) for the theory of mark-
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edness in consonant cluster acquisition. It shows that markedness,
frequency and age of acquisition are not always straightforwardly
correlated; language-specific systemic restrictions must be included
to explain both the developmental paths attested in children’s acqui-
sition and the statistical biases of cluster occurrence in current use.
Independent predictions based on markedness seem therefore to be
more consistent with the phonology of languages than with corpus
data. These observations open the question of whether it is either the
type or the token frequency of phonotactic structures that is relevant
for the speakers in the construction of phonotactic grammars and
during lexical and morphological acquisition, speech segmentation,
phonological categorization etc. (Richtsmeier et al. 2010, Calderone et
al.2014).

Again from a corpus-based perspective, the paper by Wolfgang
U. Dressler, Miroslava Hlinicanova, Matej Durco, Karlheinz Morth
and Katharina Korecky-Kroll (University of Vienna & University of
Banska Bystrica) explores type and token frequencies of Slovak and
German word-initial, word-medial and word-final consonant clusters
(both monomorphemic and across morphemes). It shows that the
two languages differ to the extent that German has a proliferation of
word-final clusters while Slovak is much richer in word-initial clus-
ters. This difference is related to historical phonology as well as to
different morphological processes characterizing the two languages,
thus reinforcing the idea of phonotactics as cueing morphological
information, in addition to the phonological one. The paper also shows
that type and token frequency do not provide entirely overlapping
figures, with token frequencies radicalizing the asymmetries found in
type frequency. The specificity of adult child-directed speech and its
relevance for the study of phonotactic and morphological acquisition
is also discussed. Both Dziubalska’s and Dressler et al.’s papers invite
critical reflection upon the methodological choices related to the selec-
tion, collection and analysis of different linguistic materials (corpus
data, dictionaries, adult speech, child speech etc.), and the impact that
such choices may have upon the generalizations that linguists may
advance concerning the phonotactics of different languages (or differ-
ent varieties of the same language).

The two subsequent papers are particularly concerned with
language acquisition. The first one, by Laila Kjerbak, Ditte Boeg
Thomsen, Claus Lambertsen and Hans Basbgll (University of
Odense) analyzes the early lexical acquisition of Danish by two twin
sisters from nine to twenty-nine months old. The focus is on how
children increase the length and complexity of their first words when
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acquiring the Danish language, which provides very few cues regard-
ing syllable structure and which bears a monotonous sonority enve-
lope — a consequence of its historical development. Making reference
to Basbgll’s (2005) Sonority Syllable Model, the authors show that in
the course of acquisition the two children increase not only the words’
length — as calculated by the number of segments and syllables — but
also, and perhaps more significantly, the words’ phonotactic com-
plexity — as calculated in terms of number of sonority types (i.e., the
five major classes of segments as predicted by the Sonority Syllable
Model, from vocoids to obstruents with spread glottis) and sonority
rises in each produced word.

The paper by Chiara Celata, Katharina Korecky-Kroéll, Irene
Ricci and Wolfgang U. Dressler (Scuola Normale Superiore di Pisa
and University of Vienna) reports on two behavioural experiments
testing the reactions of Austrian adults and adolescents to word-
final homophonous clusters in intra-morphemic versus cross-mor-
phemic position. The analysis starts from the prediction (contained
in Dressler & Dziubalska-Kotaczyk 2006, Dressler et al. 2010) that
morphonotactics, i.e. the speakers’ knowledge of the phonotactics of
morpheme concatenation, can affect the processing and acquisition
of lexicon, morphology and phonology of a language. The data in fact
show that the speakers are either facilitated (in production), or inhib-
ited (in perceptual monitoring) by phonological sequences containing
a morpheme boundary, as compared to homophonous monomorphemic
sequences. Younger speakers tend to be more sensitive than adults to
the morphonotactics of consonant clusters. Thus the results indicate
that in processing the phonotactic structures of their native language,
the speakers use information from where they are located not only in
the word (initial, medial, final) but also in the morphemic structure of
the word (within one morpheme or across a morpheme boundary).

The two final papers of the collection deal with the interface
between phonotactics and phonetics. The paper by Sylvia Moosmiiller
(Acoustics Research Institute, Austrian Academy of Sciences) investi-
gates resyllabification in two varieties of Austrian German, namely,
Standard Austrian German and the Viennese dialect. The paper high-
lights differences between the Austrian varieties of German, showing
resyllabification before unstressed vowels, and Standard German
German, in which resyllabification of word-final consonants is blocked
by glottalization. Resyllabification is a syllable-optimizing process
generating CV structures and is cued, at the phonetic level, by the
temporal reduction of the consonant being produced as syllabic onset.
The paper thus demonstrates how changes in the phonotactic organi-
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zation of sound sequences impact fine-grained aspects of segment pro-
duction such as their absolute and relative temporal properties and,
finally, are interwoven with the rhythmical output of languages.

The final paper, co-authored by Nathalie Vallée, Thi Thuy Hien
Tran, Paolo Mairano, Silvain Gerber & Solange Rossato (CNRS &
Université Grenoble Alpes, and Turin University), seeks to provide a
phonetic basis for the general phonotactic principle of maximization
of syllable onsets and minimization of codas by investigating the jaw
oscillatory movements in the repetition of different types of syllables
in French and Vietnamese. The results indeed show that the opening
phase is generally shorter, faster, and of smaller amplitude than the
closing phase (with some minor exceptions). The authors also discuss
the findings in a cross-linguistic perspective by pointing out that for
other languages, previous studies have found that jaw opening and
jaw closing gestures do differ in duration, velocity and amplitude, but
in the opposite direction (jaw opening lasted longer and was of great-
er amplitude than jaw closing). Similar observations emphasize the
importance of adopting a cross-linguistic perspective and comparing
languages with different phonetic and phonological characteristics
in order to uncover the motivations of universal phonotactic prefer-
ences, as well as the gestural characteristics of vowel-consonant and
consonant-vowel sequence production.

We hope that this special issue will provide interesting sugges-
tions for further investigation, including interdisciplinary approaches,
within the domain of the typological, cognitive and physical aspects of
sound organization in languages, thus contributing to our knowledge
of how human speech structures are mentally organized, acquired,
and physically produced.
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A Preliminary Investigation of Quantitative Patterns in
Sonority Sequencing

Stefan A. Frisch

Frisch (2004) claims that phonetically or psycholinguistically-motivated
sound patterns should be found typologically across languages (qualitatively),
as well as typologically within a language or within the lexicon of a language
(quantitatively). This claim emerged from the analysis of Obligatory Contour
Principle for Place of Articulation (OCP-Place) consonant patterns in Arabic
and a number of unrelated languages as a pattern of similarity avoidance. In
this paper, a preliminary study is presented that examines sonority sequenc-
ing for consonant clusters within individual languages, and within the
lexicons of individual languages for consistent quantitative patterns. Sonority
sequencing constraints can be seen as phonetically-motivated in articulation
or perception (e.g. Ohala & Kawaski-Fukumori 1997, MacNeilage & Davis
2000). Therefore, sonority sequencing patterns should be present not just in
cross-linguistic typology but also in the quantitative patterns within indi-
vidual languages.

1. Introduction

Linguistically significant phonotactic patterns need not be abso-
lute, but can be statistical. Greenberg (1950) examined consonant
combinations in the Arabic lexicon and proposed that cases where
consonant pairs were significantly underrepresented compared to
expected probability can be used to make linguistically significant
generalizations. In these types of studies, the type frequency (fre-
quency in the dictionary) rather than the token frequency (frequency
of usage) is generally considered the relevant measure (Bybee 1995)
and this approach is supported by children’s acquisition of phonologi-
cal patterns (Munson 2001). More generally, the statistical patterns
within the lexicon of phonological forms have been referred to as
probabilistic phonotactics (e.g. Vitevitch et al. 1999).

1.1. Probabilistic phonotactics

The human cognitive system is known to track frequencies of expe-
riences (in language that would be approximated by corpus token fre-
quencies). These experiences are categorized and classified into abstrac-
tions at multiple levels (Munson et al. 2011). In the case of phonology,
experience with language sound structures is used to define phonological

Italian Journal of Linguistics, 27.1 (2015), p. 9-28 (received December 2014)



Stefan A. Frisch

categories (Pierrehumbert 2003). It has been hypothesized that this type
of abstraction is also useful in language acquisition to parse words from
speech (Saffran et al. 1998), assign word internal phonological and mor-
phological structure (Treiman et al. 2000, Hay et al. 2003), and provide
language specific information for bilinguals (Betancourt 2013; Messer et
al. 2010; Sebastian-Gallés & Bosch 2002)

Beyond phonotactics, frequency has been shown to influence
language processing in a variety of ways. Perception and production
are influenced by phoneme frequency or word neighborhood density
(Luce & Pisoni 1998; Vitevitch et al. 1999). Experiment participants
appear to have a sense of phonological frequencies that is reflected
in metalinguistic judgments of well-formedness of novel nonwords
(Bailey & Hahn 2000). Abstract but quantitative patterns are known
by language speakers (Frisch & Zawaydeh 2001; Zuraw 2010; Hayes
et al. 2009) and have been modeled theoretically in statistical detail
(Anttila 2007; Coetzee & Pater 2008; Frisch et al. 2004, Hayes &
Wilson 2008). These patterns can be modeled by relatively unsophisti-
cated connectionist networks as long as the network is forced to make
some sort of generalization (Alderete et al. 2013).

1.2. Functionally-grounded phonological explanation and quanti-

tative patterns

Linguistic research has often sought functional explanation for the
common typological patterns in the world’s languages. Early functional
explanations were often dismissed due to their unreliable nature with-
in and across languages. For example, since languages have both har-
mony and dissimilation processes, it would seem implausible that there
is a functional constraint either preferring more similar segments or
less similar segments. Recent theoretical developments have made
these apparent contradictions less relevant. Optimality Theory, for
example, contains mechanisms for resolving conflicting constraints and
proposes that in the absence of other factors a functionally unmarked
form will emerge universally (Prince & Smolensky 2004). In addition,
taking a quantitative perspective on these constraints makes it pos-
sible to observe functional influences that involve either more subtle
distinctions or are not absolute in their effects. For example, in the case
of dissimilation versus harmony it would appear that the Obligatory
Contour Principle for Place of Articulation (OCP-Place) is pattern of
similarity avoidance (e.g. Frisch et al. 2004; MacEachern 1999) but that
identity or identity along a particular dimension may be a crucial fac-
tor (McCarthy 1994; Berent & Shimron 1997).

The probabilistic view has also created the opportunity to
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observe a functional phonological restriction where there is no cat-
egorical pattern. Similarity avoidance has been found statistically
in English and many other unrelated languages. Additionally, inter-
actions between forces may provide an explanation for the relative
strength of the pattern within a language. In the case of similarity
avoidance it may be that repeated similar consonants are especially
difficult to process given the templatic morphology of Arabic lan-
guages where these constraints were originally observed qualitatively
(Berg & Abd-El-Jawad 1996).

Frisch (2004) claims on the basis of the similarity avoidance con-
straint that patterns that are difficult to process cognitively, in percep-
tion, or in production will be less frequent than patterns lacking such
difficulty. Traditionally, language universals are observed by examining
patterns across languages for commonalities, statistical distributions,
or implicational relationships. If we add statistical lexical patterns to
our search for universal forces acting on language then we can expect
that functional forces acting on the sound patterns of language should
be found at any level of phonological analysis. Alternatively, this pat-
terning can be viewed as explaining systematic patterns in the number
of apparently accidental gaps in otherwise permissible combinations
(Frisch et al. 2004).Examining quantitative data provides a strong test
for claims of functional patterning in phonology. If there is a claim that
a pattern is functionally-motivated, it should be found quantitatively in
degrees to the extent to which forms obey or violate the proposed func-
tional restriction. In the present study, typologically known patterns in
consonant clusters based on sonority are examined within languages
for quantitative patterning.

1.3. Functionality of sonority

Sonority constraints on consonant clusters propose that there are
manner of articulation restrictions on consonant clusters. Traditionally,
low sonority classes are obstruents (stops and fricatives) and high
sonority classes are resonant consonants and vowels. Researchers vary
number of sonority sub-classes that are defined. Consonant clusters
are generally preferred that maximize sonority differences (and when
extended to vowels, sonority classification can potentially explain com-
mon patterns in syllable structure, e.g. Basbgll 1994). As with many
phonological phenomena, there are two broad approaches to the func-
tionality of sonority constraints, based in production or perception.
From the production side, sonority sequencing may be the result of
ease of production when chunking speech into units (Lindblom 1983;
MacNeilage & Davis 2000; Redford 2000). The cycle of jaw movement
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from opening to closing to opening again provides a production-based
framework for transitioning between low sonority speech sounds (jaw
closing or raised for obstruents) to high sonority speech sounds (jaw
opening or lowered for vowels). Violations of this sequencing require
rapid and precise jaw movements that reverse the overall direction of
movement, which would be functionally challenging. Alternatively, vio-
lations of this sequencing would be the basis for reorganization of the
suprasegmental sound structure. In either case, we might expect violat-
ing phonological structures to be dispreferred.

From the perception side, sonority modulation may lead to eas-
ier perception of cues to speech sounds and phonological structure.
Alternations in amplitude from low to high and/or alternations in high
versus low dominant frequency spectra would make speech segments
and overall syllabic structure easier to identify (Ohala & Kawasaki-
Fukumori 1997). It has also been found that vowel and consonant
information are recoverable from either the vowel center or the closure/
transition portions of the speech signal, and so the redundant encoding
of speech information in both the high and low frequency portions of
the spectrum makes speech more robust in a noisy environment.

Given these previous proposals for the functional basis of sonority
constraints, specific quantitative hypotheses can be generated. For sonor-
ity sequencing, consonant cluster types with larger steps in sonority
difference toward the peak of the syllable will be preferred. For sonority
modulation, consonant cluster types with larger steps in sonority differ-
ence will be preferred, regardless of sequencing. In both cases, a quan-
titative functional analysis proposes that the degree to which a form is
functionally good or bad correlates with the frequency of use of that form
in phonotactic patterns within a language. If within language patterns
do not vary by frequency as a factor of the degree of sonority difference,
then the functional quantitative hypothesis is not supported.

2. Methods

2.1. Quantitative lexical typological study

The present study examined consonant cluster type frequency for
47 languages (see appendix for sources). Consonant cluster type fre-
quency in this study is the frequency of occurring CC clusters within
a language compared to the set of possible clusters given the types
of C1 and C2 that are used in clusters. Data are aggregated within
broad manner of articulation classes in order to compare rates of
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occurrence of different types of clusters by sonority. The present study
examines initial, medial, and/or final clusters within the language,
depending on the language’s phonology and the available data. Note
that the source must specifically list the attested consonant clusters
in order to conduct a quantitative analysis. If a source only specifies
that types of clusters are found it is unusable for quantitative analy-
sis as the apparently accidental gaps cannot be examined. The pres-
ent study examined CC clusters as the statistical analysis of two seg-
ment constituents is the simplest and most straightforward case to
analyze (see Pierrehumbert 1994, Frisch 1996, 2000 for issues related
to statistical analysis of larger constituents).

The analysis procedure can be demonstrated with a relatively
simple language example, the Papuan language Abun (spoken in the
West Papua region of Indonesia, Berry & Berry 1999). Word initially,
Abun only allows C-glide clusters. If sonority influences the occur-
rence of clusters then we would expect a relatively greater occurrence
of clusters with a large sonority difference (e.g. stop-glide) compared to
clusters with a smaller sonority difference (e.g. nasal-glide). However,
the raw count of clusters can be deceiving. Abun has a greater variety
of stop consonants than nasals so a straightforward comparison of the
number of clusters is a misleading representation of the phonotactic
possibilities. Specifically, Abun has 7 stops, 4 prenasalized stops, 3
fricatives, 3 nasals, and 2 glides. Table 1 shows the actual number of
C-glide clusters for each of these groups, the possible number of C-glide
clusters given the consonant inventory of the language, and the relative
type frequency of C-glide clusters in each group computed by dividing
the actual number by the possible number (A/P). The Abun pattern fol-
lows the predictions of sonority modulation and sonority sequencing if
we look at the relative number of cluster types. Prenasalized stops are
presented as a separate category with higher sonority than stops, but
if they were grouped together with the plain stops it would not change
the findings, it would just make the example slightly more trivial.

Table 1. Abun C-glide clusters.

C1 AcTUuAL PossIBLE A/P
Stop 6 Tx2=14 0.43
Prenasalized stop 3 4x2=8 0.38
Fricative 1 3x2=6 0.17
Nasal 1 3x2=6 0.17
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A qualitative analysis of the sonority patterns in Abun has no
explanation for the lack of use of some consonant clusters within
each sonority level. Such apparently accidental gaps are common, but
when examined quantitatively can be seen to be not entirely acciden-
tal (Frisch et al. 2004). Specifically, there is quantitative variation in
cases where otherwise expected consonant clusters are not used. This
variation depends on the goodness of the combination from the per-
spective of sonority, and would be otherwise unexplained if these gaps
were considered truly accidental. While in a typical phonological anal-
ysis, these gaps are not explained phonologically, they are systematic
quantitatively.

As a more complicated example, consider coda CC clusters in
English with A/P shown in table 2. In this table, individual consonant
counts are not included and the quantitative findings are given in a
distilled form with the ratio of use of the possible cluster inventory
within each grouping.

Table 2. English CC coda clusters.

C2 Stop FRICATIVE NAsAL Liquip
C1
Stop 0.06 0.10
FRICATIVE 0.06 0.02
NasarL 0.22 0.25
Liquip 0.92 0.69 0.67 0.25

In order to determine the degree to which a language obeys
sonority constraints, data like that in table 2 can be examined by
comparing the ratio of actual vs. possible clusters in adjacent cells
(e.g. stop-stop vs. stop-fricative). These are minimal steps along
the sonority scale. In the case of sonority sequencing, for example,
we would predict that fricative-stop codas are more frequent than
stop-stop codas which are more frequent than stop-fricative codas.
Sonority modulation predicts stop-stop codas are less frequent than
fricative-stop codas or stop-fricative codas. With bigger steps in the
sonority scale, the differences should become even larger. However, in
order to minimize the potential influence of a single larger or smaller
numerical value (which is a priori equally likely to fit the hypothesis
or not) the cells are only compared in adjacent pairs. This is a strong-
er test of sonority as each step along the scale is required to change
quantitatively in a systematic way (increasing for better sonority
combinations, decreasing for worse sonority combinations).
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The present analysis starts with comparisons based on sonority
modulation, which predicts that A/P will increase away from the main
diagonal of the table for all cluster positions. This is relatively easy to
compute. In the English coda example in table 2, there is one case where
the frequency decreases farther from the main diagonal (nasal-fricative
at 0.25 greater than nasal-stop at 0.22). There are three cases where
clusters with better sonority modulation are unattested adjacent to cells
with attested clusters with worse sonority modulation (adjacent to stop-
fricative, fricative-fricative, and liquid-liquid). There are also several
ties (one of stop-stop and stop-fricative at 0.06 and several where there
are no attested clusters). For the analysis, ties where both adjacent cells
have no attested clusters will not be counted as data. Ties where adja-
cent cells both contain clusters will be counted as not violating sonority
modulation. In other words, only quantitative reversals in sonority for
attested clusters are considered violations of the hypothesized quan-
titative pattern. In the case of the English coda consonants, there are
13 pairs of adjacent cells where sonority modulation is respected and 4
pairs where it is reversed, so 13/17 = 76.5% of the comparisons respect
sonority modulation. In this way, the entire distribution of consonant
cluster patterns with respect to sonority can be distilled to a single value
representing the degree to which sonority constraints are obeyed quanti-
tatively across the cluster types in the language.

This analysis, while suggestive, is preliminary and should be
viewed with caution due to a number of caveats. First, the finding is
based on a one-step pairwise comparison measure between adjacent
cells, and so does not capture potentially phonologically relevant sub-
patterns in specific cases. Second, the data points are not independent
in two ways. Within each language, a single data cell is involved in
multiple comparisons with adjacent cells. Using pairwise compari-
sons for adjacent steps on the sonority scale minimizes this confound
as much as possible. In addition, for most of the languages there is
more than one cluster position analyzed (e.g. onsets and medial clus-
ters, which may not be phonologically independent). Finally, it is not
entirely clear what a random or unstructured distribution of conso-
nant clusters would be. In other words, what is the baseline against
which a 76.5% sonority modulation rate in English coda clusters
should be compared? These questions are only partially addressed
within the scope of the present paper.

2.1.1. Findings: Cluster type frequency
Analysis just like that for English coda consonant clusters, using
a table of A/P values for consonant cluster combinations in broad
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manner of articulation categories, was conducted for each language in
the sample for each cluster position (onset, medial, coda) where data
were available. Examining the full set of data across all positions and
languages, modulation is obeyed in 72% of adjacent cell comparisons.
This is based on 93 cluster data sets from the 47 languages sampled.
In other words, there is an overall tendency toward sonority modula-
tion across onset, medial, and coda CC clusters in the relative use of
consonant cluster types across a variety of languages. There are quan-
titative violations of the use of consonant clusters according to sonor-
ity modulation within languages, but the overall pattern is robust and
consistent with the previously examined case of similarity avoidance
(Frisch et al. 2004).

With a tendency toward sonority modulation established, the
analysis can move forward by considering the influence of sonority
sequencing. Sonority modulation is in conflict with sonority sequenc-
ing in roughly half of the possible clusters. A sonority fall in an onset
is good by sonority modulation but poor by sonority sequencing.
Similarly, a sonority rise in a coda is good by sonority modulation but
poor by sonority sequencing. Therefore, dividing the data into cases
where the two possible functional explanations for sonority either
agree or are in conflict can test which of these functional explanations
provides a better model of the data. However, in line with other cases
of functional explanation for phonological patterns, the interaction
between these constraints appears to be cumulative. The interaction
between sonority modulation and sonority sequencing across the clus-
ter data sets is shown in table 3.

Table 3. Sonority Modulation and Sonority Sequencing.

Constraints agree Constraints disagree
Position N Predicted SD Predicted SD
Initial 38 0.76 0.15 0.69 0.16
Final 18 0.79 0.11 0.58 0.24
Medial* 37 0.71 0.16 0.71 0.18

Table 3 shows that adherence to both sonority modulation and
sonority sequencing simultaneously is the most common pattern.

“ There is no constraint conflict in medial clusters but the clusters are still split
into agree/disagree groups for comparison purposes as though they are onsets
(assuming an onset bias, Clements 1990).
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When these two constraints are in conflict, the quantitative pat-
terns are less robust. Considering quantitative patterns provides a
more detailed understanding of the phonotactics of consonant clus-
ters. What might ordinarily be seen as violations of a strictly defined
sonority constraint based on either sequencing or modulation is
instead seen as a systematic quantitative patterning that respects, for
the most part, both constraints.

There is an additional potential impact on the expected quan-
titative pattern in consonant clusters described so far. This impact
involves the overall use of clusters. If a language has a large number
of consonant clusters then they cannot all be optimal with regard
to sonority modulation or sonority sequencing. This is similar to the
cross-linguistic patterning of vowel segments. Vowels generally dis-
tribute themselves evenly around the vowel space (Lindblom 1990),
but when a language has a large number of vowels, the phonetic
distance between vowels is smaller. This can be seen as a functional
constraint against large vowel inventories and quantitatively this
appears to be the case across languages. Returning to the case of
consonant clusters, having an extremely large number of consonant
clusters is likely to create clusters that violate sonority constraints.
We can examine the density of clusters in the language (treated as an
independent factor) as a functional pressure against obeying sonority.

In addition, considering consonant cluster density also aids in
answering the question of the random or unstructured rate of conso-
nant clusters that satisfy sonority constraints. The rate of adherence
to sonority modulation patterns for random consonant combinations
differs depending on the density of clusters in the language. This was
determined by Monte Carlo simulations of an artificial language with
densities of 0.1, 0.3, and 0.5 (10%, 30%, and 50%). Consonant cluster
pairs were created by randomly distributing the actually occurring
consonant clusters among the possible clusters from a relatively
generic inventory of obstruents and sonorants. Not surprisingly, with
higher cluster density, more violations of sonority are found.

The interaction between cluster density and sonority modulation
across the typological data as well as in the Monte Carlo simulations
is shown in figure 1. Each data point in the figure is the percent of
pairwise comparisons between adjacent sonority cells that respect
sonority modulation for a particular language and cluster position in
the sample (as exemplified for English coda clusters in table 2). A lin-
ear regression shows a decreasing tendency to obey sonority modula-
tion as cluster density increases. However, the mean across languages
is well above that predicted by chance in the Monte Carlo simulations
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for the three different densities (in the vicinity of 50% and decreasing
with increasing density). In addition to the density-based pattern in
sonority modulation, there is an overall tendency to avoid large num-
bers of clusters in the languages sampled.

2.1.2. Summary: Cluster type frequency

More “gaps” are found in permissible sonority combinations
when the sonority difference is small compared to when the sonority
difference is large, showing a tendency to obey a sonority modula-
tion constraint. This constraint is more robust when the sonority dif-
ference is also compatible with sonority sequencing and less robust
when sonority sequencing is violated, showing that both sonority
modulation and sonority sequencing influence the cross-linguistic and
within language frequency of cluster types. Functional sonority
constraints interact with a third factor, in that it is harder to obey
sonority restrictions if the language uses many clusters. The sonority
constraints are more robust in languages with sparse cluster use and
more likely to be violated with dense cluster use. Overall, then, there
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Figure 1. Clusters respecting sonority modulation by cluster density in the language.
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are three factors influencing the cross-linguistic distribution of gaps
in cluster inventories. Languages avoid large numbers of clusters,
avoid clusters that violate sonority modulation, and avoid clusters
that violate sonority sequencing. These three constraints interact
cumulatively when examined quantitatively.

2.2. Study of cluster lexical frequency

If sonority constraints are functional, grounded in phonetic or
psycholingustic processing principles, then we would predict the func-
tional pressures that lead to an avoidance of sonority violations apply
as individual words are used. By definition, functional constraints
make the individual words more difficult to perceive or produce cor-
rectly. Thus, we would expect to find quantitative patterns related to
sonority sequencing within the frequency distribution of forms in the
lexicon (Frisch 2004). Quantitatively examining sonority patterns in
the lexicon requires consideration of the frequency of occurrence of
the consonants involved in the cluster. A cluster involving two infre-
quent consonants would be unlikely to occur regardless of sonority.
A gap in clusters involving two frequent consonants is more likely
to be systematic. For the present study, the O/E (observed divided
by expected) measure of relative co-occurrence is used to account for
baseline segment probability (Frisch et al. 2004).

An analysis of cluster frequency in the lexicon has been complet-
ed for two data sets, Spanish medial clusters and English coda clus-
ters. The case of Spanish medial clusters will be covered in greater
detail. Table 4 shows the frequency count of across lexical items for
Spanish medial clusters of different sonority classes in the University
of South Florida Spanish Frequency Lexicon (Brea-Spahn 2009;
Frisch & Brea-Spahn 2010).

Table 4. Frequency count for Spanish medial clusters in the lexicon.

C2 Stop Fricative Nasal Liquid Glide
C1l
Stop 299 385 70 1214 520
Fricative 1522 137 162 515 1852
Nasal 2575 931 43 16 328
Liquid 578 610 308 17 528
Glide 93 92 65 37 0
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Given the frequency of different sonority classes of consonant in
clusters, the randomly expected frequency of sonority combinations
can be computed by multiplying the marginal probabilities for each
type of C1 and C2. The observed count divided by the count expected
by chance (O/E) provides a relative measure of co-occurrence given
baseline frequency. Table 5 shows the O/E for the Spanish medial
data. An O/E less than 1 means that fewer combinations than expect-
ed are found. An O/E greater than 1 means that more combinations
than expected are found. Like with the analysis of consonant cluster
types, we would predict relative frequency to increase away from
the main diagonal of the table. Comparing adjacent cells as before,
the percent of comparisons that respect sonority modulation can be
computed to provide a single number that summarizes the degree to
which quantitative patterns obey the hypothesized constraints.

Table 5. O/E for Spanish medial clusters in the lexicon.

C2 Stop Fricative Nasal Liquid Glide
C1
Stop 0.24 0.77 0.47 1.97 0.69
Fricative 0.94 0.21 0.82 0.63 1.87
Nasal 1.74 1.54 0.24 0.02 0.36
Liquid 0.80 1.76 2.94 0.04 1.01
Glide 0.86 2.04 4.87 0.68 0.00

A similar analysis was conducted for English final CC clusters in
the Hoosier Mental Lexicon database of English words (Nusbaum et
al. 1984). As with the analysis of cluster type frequency, comparisons
between two empty cells were not used in the computation.

2.2.1. Findings: Cluster lexical frequency

In the Spanish medial cluster data, 68% of comparisons obey sonor-
ity modulation for O/E across the Spanish lexicon. In the English final
cluster data, 71% of comparisons obey sonority modulation for O/E
across the English lexicon. These findings are similar to the findings for
cluster type frequency. This pattern is consistent with a soft or gradient
constraint against poor sonority modulation clusters acting on the lexi-
con of the language, influencing the distribution of consonant clusters in
lexical items. Finding the general typological pattern for sonority within
the quantitative distribution of lexical items within a language provides
strong evidence for the functional nature of the constraints involved.
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2.3. Limitations of the present study

The current study is typologically limited to a convenience sam-
ple of languages. For the most part, this is a subset of languages from
Greenberg (1978). A more extensive study to verify the claims of this
paper is needed with a larger and typologically balanced sample of
languages. In addition, the present study examined only two cases of
patterns within a lexicon. To clearly establish the quantitative nature
of sonority constraints in consonant clusters, additional lexical sourc-
es will have to be investigated.

The present study is also based on a relatively standard division
of manner classes for consonants into a sonority hierarchy. However,
this division has been claimed to have no logical basis by Basbgll
(1994), who advocates a more generic sonority hierarchy with only
three distinctions. Given that the quantitative patterns observed here
work reasonably well and are relatively robust, some variation in the
definition of the sonority hierarchy will not affect the overall result.
This is one advantage of taking a quantitative approach. Minor con-
tradictory details have little impact on the overall pattern.

3. Conclusion

The strongest possible test of functional constraints on language
processing would find both quantitative and qualitative patterns in lan-
guage that reflect functional forces. If a typological pattern is functional-
ly-based, then the cross-linguistic pattern should also be visible within
individual languages quantitatively (Frisch 2004). In the present study,
articulatory and perceptual motivations for the sonority hierarchy were
considered and patterns within languages’ cluster inventories and lexi-
cons were examined. Parallel with the previously examined Obligatory
Contour Principle for Place of Articulation (OCP-Place) as a functional
constraint on similarity avoidance, quantitative patterns were found
within languages that reflect typological generalizations in sonority
modulation and sonority sequencing. In this preliminary analysis, the
hypothesis is supported: Quantitative sonority constraints on consonant
clusters are found reflecting potential functional motivations for sonority
in both production and perception. The prediction is that functionally-
motivated phonotactic patterns in sonority constraints should be found,
at least statistically, everywhere we look.
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Are frequent, early and easy clusters also unmarked?

Katarzyna Dziubalska-Kotaczyk

Phonological theories generally assume that unmarked clusters would
demonstrate similar behaviour in language use, language acquisition and
language production. In particular, they are expected to be more frequent,
acquired earlier and easier to produce than the marked ones. It seems,
however, that the frequent, early and easy clusters are nonidentical sets.
Additionally, morphonotactic clusters, which are by default more prone to
be marked, behave differently than the marked phonotactic clusters, in par-
ticular, they are acquired earlier. In the paper, I will draw from the recent
research by myself and colleagues! in order to discuss the difficulty in avoid-
ing circularity in characterizing markedness as well as the omnipresent
methodological bias connected with the choice of data, both experimental and
collected, used to support claims concerning phonotactics.

1. Introduction

Five most frequent initial CC clusters in Polish are /pf, pr, st, mj,
sp/ (cf. Zydorowicz et al. in press). Some studies (Dziubalska-Kotaczyk
1999, Zydorowicz 2010) on first language acquisition of Polish mention
/sp, ff, vw, st, sw/ among those acquired early, and the morphonotactic?
among them as acquired prior to the lexical, i.e. intramorphemic, ones
(e.g. lexical /ff/ would be reduced much more often than the morpho-
notactic one). Assessment of all those clusters from the perspective
of speech production is a complex task, involving detailed phonetic
description focused on coarticulatory effects and gestural coordination.?
Importantly, production-based criteria interact with the acoustic/audi-
tory ones. Additionally, such descriptions are always theory-grounded
and therefore provide divergent assessments of ‘ease’. Already a shift
from a production to a perception perspective leads to conflicting inter-
pretations. For example, a homorganic cluster is ‘easier’ to produce but
‘less easy’ to perceive. Despite the above problems of analysis, what can
be noticed is that /st/ and /sp/ clusters figure in both of the above sets
of the frequent and of the early acquired clusters. It is well known that
s+stop clusters are notoriously unaccountable for across models of pho-
notactic markedness. Sonority-based models generally fail to explain
their occurrence. Phonetic, phonological and typological accounts point
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to the uniqueness of those clusters (cf. an overview by Olender 2013).
Still, phonologically speaking, they are marked, and require a special
treatment across models. As already mentioned, they are also frequent
and early, possibly also easy.

The above example introduces the topic of this paper: the rela-
tionship between independently defined markedness and frequency,
order of acquisition and ease of production. The major advantage of
the concept of markedness has been to allow for predictions of the
occurrence of structures in given types of linguistic behaviour. The
less marked (=more natural) a structure, the more likely it would be
to occur frequently, to be acquired early and to be easy to produce. Of
course, such inference may only work on condition that markedness
be defined independently of the criteria of frequency, age of acquisi-
tion or ease of articulation. Otherwise, it becomes circular.

In this paper we deal with markedness in phonotactics. Clusters
are deemed more or less natural depending on a measure called NAD
(Net Auditory Distance). One expects the clusters preferred by NAD
to be more frequent, to be acquired before the dispreferred ones as
well as to be easier to produce. First, the phonological theory underly-
ing the model of phonotactics will be briefly introduced (section 2) and
NAD as a measure of markedness will be presented (section 3). Next,
the data illustrating frequency, acquisition and ease will be discussed
and assessed from the perspective of NAD (section 4). Section 5 will
contain conclusions.

2. Beats-and-Binding (B&B) phonotactics

The model of phonotactics operating with NAD (cf. Dziubalska-
Kotaczyk 2009, 2014) is part of the syllable-less theory of phonol-
ogy called Beats-and-Binding (B&B) phonology (Dziubalska-Kotaczyk
2002). The rationale behind this model of phonotactics is to counteract
the preference for CV (but cf. Hyman 2008), which overwhelmingly
forces clusters to wither either via reduction or epenthesis/prothesis or
at least substitution (CCVCV, CCV>CVCV, CCV>VCCYV). Clusters of
consonants persist thanks to auditory contrast between members of a
cluster and its satisfactory distribution across the word. The principle
of perceptual contrast is grounded in the semiotic figure-and-ground
principle, on the one hand, and in phonetics, on the other, since as
observed by Ohala (1990), larger modulations in several acoustic
parameters (amplitude, periodicity, spectral shape, FO) have more sur-
vival value than lesser ones and therefore will persist in languages.
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3. NAD

3.1. Definition of NAD

The Net Auditory Distance (NAD) Principle defines cluster pref-
erability in relation to the position in the word (initial, medial and
final). It reads:

A cluster is preferred if it satisfies a pattern of distances specified by
the universal phonotactic preference relevant for its position in the
word.

For example, for the initial cluster C1C2V:

NAD (C1,C2) = NAD (C2,V). This notation means that, in word-
initial double clusters, NAD between the two consonants should
be greater than or equal to NAD between a vowel and a consonant
neighbouring on it.

3.2. Measuring NAD

It is believed (Dziubalska-Kotaczyk 2002, 2009, 2014) that audi-
tory (perceptual) distance can be expressed by combinations of articu-
latory features, which eventually bring about the auditory effect. An
indefinite number of articulatory features as well as detailed acoustic
cues would have to be investigated in terms of the degree of their
contribution to the overall auditory effect obtained in a cluster. As a
starting point, manner of articulation (MOA) and place of articulation
(POA) are selected, as well as the S/O (sonorant/obstruent) distinc-
tion. Tables 1 and 2 illustrate the way in which number values are
being assigned to particular POAs and MOAs. The presence of the
S/0 distinction is signalled by 1, its absence by 0.

The manners and places assumed in the tables are selected
according to their potential relevance: 6 manners (stop, affricate,
fricative, sonorant stop, approximant, semivowel), where affricates
and semivowels are, tentatively, attributed half a distance due to
their ambiguous nature; and 5 places (labial, coronal, dorsal, radi-
cal and laryngeal or glottal). Manners refer to the most generally
acknowledged version of the so-called sonority scale, while places are
taken from Ladefoged (2006: 258). Both lists are extendible and modi-
fiable (e.g., Ladefoged’s list consists of 5 nodes which branch into 12
more detailed features), depending on the amount of detail we want
to include in the definition of distance. Importantly, vowels need to be
differentiated according to their colour, too, which will allow reflecting
the intersegmental distances with a higher degree of precision.
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Table 1 is meant as a general, universal reference for the values

of MOA and POA which constitutes a guideline for the creation of
language-specific tables. Table 2 is the adaptation of Table 1 to Polish.
Polish has three values for obstruents, two values for liquids, an addi-
tional distinction within glides (nasal vs. oral), has a value for labio-
dental within labials, three values within the feature coronal, and two
values within the feature dorsal.

Table 1. Distances in MOA and POA.

4 \ 3 2 \ 1 0
OBSTRUENT SONORANT VOWEL
STOP ‘ FRICATIVE SONORANT STOP | APPROXIMANT
| (AFFRICATE) | | semiV
pb op m w labial 1
fv m
td 00 n rl coronal 2
td ¥4
87
I3
kg €z n ] dorsal 3
cJ Xy 1
radical
? h laryngeal 5
(glottal)
Table 2. Distances in MOA and POA: Polish.
OBSTRUENT SONORANT
STOP ‘ FRICATIVE | NASAL LIQUID GLIDE VOWEL
AFFRICATE 2.0
lateral | rhotic
5.0 4.5 4.0 3.0 2.5 2.0 1.5 | 1.0 0
pb m w w 1.0 bilabial | LABIAL
fv 1.5 labio-
dental
td sdz sz n 1 2.0 (post-) | CORONAL
dental
ts dz s 7 r 2.3 | alveolar
tedzez n 2.6 |alveolo-
palatal
o] 3.0 palatal | DORSAL
kg X ] wow 3.5 velar
4.0 RADICAL
5.0 GLOTTAL
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3.3. An example of a calculation*
For an initial Polish cluster /prV/, NAD preferences should be
calculated as follows:

NAD CC = | MOA1 - MOA2| + |POA1 - POA2| + S/O
NAD CV = | MOA1 - MOA2| + S/O

NAD CC = |5-2|+]1-2.3|+1 =3+1.3+1=5.3

NAD CV = |2-0|+0 = 2+0=2

53>2

So, the preference NAD (C1,C2) > NAD (C2,V) is observed since
5.3 > 2.

3.4. NAD as a measure of markedness: predictions

NAD allows for the formulation of two types of predictions. On
the one hand, it distinguishes between two sets of clusters, preferred
(i.e. those which observe the preferences) and dispreferred ones
(those which do not), which constitutes a binary qualification into
unmarked=preferred=natural vs. marked=dispreferred. On the other
hand, it allows to build a hierarchy of preference of clusters ranging
from the most preferred to the most dispreferred (least preferred),
which constitutes a scalar qualification of relative markedness from
the most natural=unmarked=preferred to the heavily marked. This
clearly is a strong attribute of this measure, since it reflects the
human ability to both categorize and build continua. The matrices
below (Figure 1, 2 and 3, prepared by Michat Jankowski) provide an

p /bt |d |k |g | |de &g | |de T |v [s |z % &6 |& (x [ (p |mig |1 |[r |w|j [& (]
(1] WO () (] [
NO 5] [ WO || NO [ WO | NO
(5]
HO O WO WO (4]
q | [wo
(5
dr
rli NO || KO
= NO
g
¥ HO 5 KO HO
= |WO| | HO HO WO HO HO
== HO 5] HO
NO HO NO (5] O
5.
% | NO HO O | WO HO
+* NG
x NO HO HO
n YES| HO NO no | NO NO HO
n i YES WO HO | HO
m_|YES I RO YES YES| O
YES |
L e e ¥ES YES |YES| | I {ves| | NO | ND
|t |¥Es| |¥Es YES YEs YES| | YES| YES| |YES| [¥ES ¥ES WO | WO | VES WO
w_|¥ES VES) YES YES YES ‘ YES|VES WO
l‘ [ ) 57 I VG | = ¥es YES YES | vEs .
YES | YES YES _|YES [
J 1 - [ | I Jves|ves[” 7]

Figure 1. A dispersion matrix for initial CC clusters according to NAD.
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GHENE!

E

| HO |
| O |
| WO |
| NO |
o
| no |
[0
| NO) |
| HO |

o

Figure 3. A dispersion matrix for medial CC clusters according to NAD.

adequate visualisation of the nature of NAD predictions. The matri-
ces have been derived for the CC pairs in all word-contexts (initial,
medial, final) for 31 Polish consonants (ordered by manner/place in
columns/rows). They demonstrate (a) the non-overlapping sets of clus-
ters in initial, medial and final position (which testifies to the logical
integrity of the preference formulae: a given cluster cannot be equally
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good in different word positions), (b) the distinct sets of preferred and
dispreferred clusters (YES’s and NO’s), and (c¢) the continua of prefer-
ence across the matrices from the most to the least preferred cluster
(e.g., in Figure 1, pj is the most preferred cluster, followed by pw and
bj (with the same value of NAD), followed by pr and bw (ditto), fol-
lowed by pl, br, tw and dj (ditto), etc.). The key attribute of the matri-
ces is that they reflect simultaneously the dichotomic (categorical)
and scalar (gradual) evaluation of clusters. Human perception is both
categorical and gradual, too.

4. NAD and the data

4.1. NAD and frequency

The consonant sequences were extracted from three types of cor-
pora of Polish: a list of lemmas based on a 8 thousand dictionary of
‘core’ Polish (‘dictionary’ henceforth), a list of inflectional forms gener-
ated on the basis of standard paradigms for Polish nouns, adjectives
and verbs (‘paradigms’ henceforth), and a list of over 500,000 inflec-
tional forms derived from a collection of newspaper texts (‘corpus’,
henceforth). The result was a list of approximately 1,500 consonant
cluster types of all sizes and in all positions.

Nearly half of the NAD-preferred 60 initial CC clusters from
the Polish matrix (cf. Figure 1 above) were compared to first 5 most
frequent Polish initial CC clusters in the ‘corpus’, the ‘paradigms’
and the ‘dictionary’ and first 14 most frequent Polish initial CC
clusters in the ‘dictionary’ and the ‘corpus’. We noted a difference
between ‘corpus’ and ‘dictionary’ in types of clusters and a differ-
ence between the sets of 5 and 14 clusters in the percentage of
unmarked clusters. Table 3 below summarizes the results. Most
importantly, there is an essential, qualitative difference in what
we conclude depending on how much of the data we consider. If
we look arbitrarily at the first 5 most frequent clusters in the
language, 3 out of 5 are marked, which points to NAD as a weak
predictor of frequency of occurrence. If, however, we examine a
larger set (in this case 14 most frequent clusters were considered
due to a notable drop in frequency of further clusters), it turns outs
that 50% of the clusters in the ‘paradigms’ and ‘corpus’ and 71%
of the clusters in the ‘dictionary’ are NAD-preferred, i.e. relatively
unmarked. Therefore, NAD scores as a good predictor for the ‘dic-
tionary’ data only.
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Table 3. Initial CC clusters: NAD and frequencies.

preferred according to NAD frequent in frequent in
‘paradigms’ | ‘dictionary’
& ‘corpus’
5 4.25 4 3.5 33 3.25- 3 2.5 2.3-2 |pf,pr, st p/, pr, st,
32 mj, sp sp, pi
pi kw bj fj pr bw dj gj tr
pw kj w kl sw
kr th gr dl, \{]‘, kt. Vj, tr, k}“,
tw tsw m_l gd,pj, kj sw, gr, sk,
XW Vi pl zn, kr, tr pw, ki, mj
Zj
preferred according to NAD in 5 most frequent clusters (underline)
preferred according to NAD in 14 most frequent clusters (italic)

Next, if we examine the marked clusters from among the most
frequent 14 in the ‘corpus’, we notice a huge discrepancy between the
‘dictionary’ and the ‘corpus’ frequencies (roughly reflecting the differ-
ence between type and token frequencies, respectively; cf. Table 4).
This is accounted for by usage: the functional load of words contain-
ing many of these marked clusters is extremely high in Polish.

Table 4. Initial CC clusters: type vs. token frequency.

cluster dictionary corpus words
/dl/ 3 172698 dla “for’
/kt/ 7 92997 kto ‘who’, ktéry ‘which’
/gd/ 3 75041 gdy ‘when’
/zn/ 19 35424 znaé ‘know’

Earlier in Table 3 we saw the failure of NAD to predict the fre-
quent clusters in the ‘corpus’ (50% score). Data in Table 4 shows that
4 out of 7 dispreferred clusters (i.e. another 29% of all 14) have very
low type frequency, which gives credit to NAD that predicts them to
be dispreferred. In other words, in this case NAD relates well with
type frequency and not at all with token frequency.

4.2. NAD: criteria manipulation

NAD calculations may show different results depending on the
choice and use of criteria. We have already mentioned scalar vs. bina-
ry qualification of the ‘goodness’ of clusters (cf. section 3.4. above). The
matrices (Figures 1-3 above) show both binary and scalar typology
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of clusters. The analysis of frequencies demonstrates the advantage
of scalar qualification since it reflects relative markedness, predicted
by the preference theory (cf. Dressler 1999). For instance, in Table 3
above the “preferred according to NAD” clusters are distributed along
9 values within the category preferred.

The set of features used for the calculations may be changed
or expanded. For example, laryngeal features are non-redundant
within obstruents and largely redundant within sonorants. Therefore,
instead of Lx (difference in the value of voicing),? the S/O criterion,
i.e. the difference between sonorant and obstruent (set at 1) has been
introduced into the equation (cf. section 3.2 above). It makes a differ-
ence for (calculation formulae as in section 3.3 above):

—initial clusters of voiced obstruents with sonorants (in this order;
they improve), e.g.

il 2.5 (Lx contributes 0) 3.5 (S/O contributes 1)
/gr/ 2.2 (Lx contributes 0) 3.2 (S/O contributes 1)
—initial clusters of voiced obstruents (they worsen), e.g.
/zd/ -4 (Lx contributes 0) -5 (S/O contributes |-1|)

More detailed features of MOA and POA could be introduced and
their values could be modified, for example by introducing weights
(e.g. Calderone & Bertinetto 2013 experimented with the proposal
of 1.0 for CV opposition, 0,8 for manners and 0.5 for places and voic-
ing as input values to their probabilistic system). Language-specific
values can be introduced (cf. NAD for Polish vs. English) in order to
reflect different organization of segmental inventories across languag-
es, entailing different degrees of exploitation of a given feature. POA’s
for vowels need to be included, too. Additionally, more phonetic detail
could be considered when specifying the positional preferences, e.g.
the timing differences between initial and final clusters.®

All the modifications aim at setting the values so that the calcu-
lations maximally match the data. In this way the model (deductive)
receives feedback (inductive) from the data.

4.3. NAD and acquisition: collected data

The order of acquisition of different types of clusters appears to
vary across languages. For example, Fikkert & Freitas (2004) showed
the following sequences of acquisition of clusters by Dutch and
European Portuguese children:

PL >FL>SP Dutch children
SP > PL > FL, European Portuguese children
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Thus, SP (sibilant-plosive) clusters were acquired last by
the Dutch children and first by the European Portuguese kids.
Additionally, some Dutch children had SP first. Frequency effect was
ruled out since in both languages CL (obstruent-liquid) clusters (PL
plosive-liquid and FL fricative-liquid) are much more frequent than
SP (10% vs. 3% of the kids intake). Also, CL. emerged long before SP
(and SP long before CL respectively) in both languages (at the 3-6
months span). As we will see, for Polish children none of this is true.

4.4. NAD and acquisition: experimental data

A picture naming task was used to elicit the production of words
with six initial clusters /st, sp, sk, sx, sm, sw/ by 49 Polish kinder-
garten children, half of them with normal phonological development,
mean age of 42 months, the other half with DPD (developmental
phonological disorder), mean age of 57 months. The children were
selected out of 114 according to the results of a battery of tests test-
ing their overall performance, among others their ability to produce
singleton consonants included in the studied clusters (Yavas and
Marecka 2013). The extent of reductions from the most reduced to the
best preserved was as follows:

sx > sw > sk >sp >sm > st

As can be seen, both ends of the scale as well as the middle are
occupied by marked (=dispreferred) clusters (signalled by italics).
The group of children with DPD reduced the majority of the produc-
tions, but showed similar tendencies (cf. also Marecka & Dziubalska-
Kotaczyk 2014).

However, the experiments involved an arbitrary selection of the
data for elicitation, without reference to the systems of the languages
studied. For instance, for word initial s¢ in Polish an input frequency
effect may be considered, since this is the third most frequent clus-
ter in Polish (both type and token frequency). As Fikkert & Freitas
(2004: 10) observed “it is important to consider the language system
as a whole to interpret the data, both to explain differences between
children acquiring the same language (i.e. the child’s own phonologi-
cal system determines what optimal realizations for clusters are), and
between children acquiring different languages”.

4.5. NAD, frequency and acquisition
Table 5 presents once again the data of Table 3, but with the
addition of data coming from one case study, namely, the analysis
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of clusters produced by Zosia, a young girl from Poznan, who was
recorded between 1;7 and 3;2 years of age according to a longitudinal
production study (cf. Zydorowicz 2010). Marked clusters that are fre-
quent in Zosia’s speech (shown as strikethrough) can be explained
by a strong frequency effect, i.e. by statistical learning. These acqui-
sitional data furthermore confirm that small sets of data (e.g. 5 early
clusters) are not sufficient to draw conclusions about the predictive
power of NAD, whereas a larger pool of data demonstrates that:

—  the majority of frequent clusters is unmarked in the ‘dictionary’ (78%)
— approximately 50% of frequent clusters are unmarked in the ‘corpus’
— approximately 30% of first acquired clusters are unmarked.

The top cluster (both as type and token frequency) is the same
in the most frequent list and in the first acquired list; this cluster is /
pJ/, and it is a marked structure according to NAD. Its occurrence can
be explained by morphological productivity since /pf/ appears within
highly productive affixes, e.g. in przed-, przy-, prze-, all beginning
with /pf/.

Table 5. Initial CC clusters: NAD, frequencies and L1 acquisition.

preferred according to NAD Frequent in | Frequent in L1 acquisition by
‘paradigm’ | ‘dictionary’ | Zosia 2.8-2.9
& ‘corpus’
5 |42 |4 |35 |33 325 |3 |25 |23 |pfopr, pf. pr, 33)pl, (12)
-5 -32 -2 | st, mj. stsp- st. (9) ke, (7)
pi |kw |bj |fj pr |bw |dj |g tr|sp pi mf, (6) cp. (5)
pw kj aw kl SW dv. kl, xts, (4)
kr tyw | gr | dlvj. kt vj. tr. sp, tft, sw, xw,
tw tsw m_[ gda p.l’ kr. SW, (3) pw. gw, Sk’ mn
XW Vj p] k_] zn, gr. sk,
zj |kt pw, kl.
mj
preferred according to NAD in 5 most frequent clusters (underline)
preferred according to NAD in 14 most frequent clusters and L1 (italic)
The numbers in parentheses in the last column of Table 5 are tokens in Zosia’s
speech.

4.6. NAD, cluster size and ease

In the above sections we discussed frequent and early clusters
and how they score in terms of markedness. Let us consider ‘easy
clusters’ in this perspective, too. Of the two measures of markedness
of clusters used in this study, NAD and the size of a cluster, the latter
is relatively straightforward with respect to ease: a shorter cluster is
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easier to articulate and to hear than a longer one. NAD’s predictions
of ease are no longer so straightforward since NAD is a derivative of
articulatory and acoustic features contributing in total to the final
auditory effect. Characterising ease from this perspective is ambigu-
ous. We do not know, for instance, what is easier: sustaining a gesture
or changing (=modulation of) the gesture (cf. e.g. /wu/ or /ji/ in which
a labial or palatal gesture is sustained while the perception of those
clusters is very poor). There is an apparent conflict between percep-
tual contrast and ease of articulation; however, the auditory distance
obtained within a cluster is the result of an optimal compromise
between the two. In casual speech, clusters reduce and change, and
the modifications are much more often due to assimilation than dis-
similation (i.e., due to the tendency towards ease of articulation). Still,
although the general tendency is to reduce clusters, marked (=dis-
preferred) clusters arise, too (cf. Dressler et al. 2001), so the tendency
towards ease may result in the actual markedness.

To provide an illustration of the relationship between marked-
ness and ease, let’s consider long clusters, first. We classified 4, 5
and 6 consonant clusters as long (cf. Table 6). We analysed 273 long
clusters, which constituted 15% of all clusters of Polish (cf. section 4.1.
above). The low percentage of the types (for example, only 3 clusters
of 6 consonants) implies that the size of a cluster does predict diffi-
culty of production and, consequently, of perception (i.e., long clusters
are difficult and thus rare). Additionally, almost 100% of those clus-
ters are morphonotactic (see Table 7). Morphonotactic clusters are
expected to be marked since in this way they signal morphological
boundaries (cf. Dressler & Dziubalska-Kotaczyk 2006). In the case of
morphonotactic long clusters, however, there is the additional aspect
of size resulting from the concatenation of morphemes that already
contain clusters. Such sizeable clusters are bound to be difficult to
pronounce. Markedness expressed by size is thus a good predictor of
phonetic difficulty .

Table 6. Cluster length in Polish.

number of C number of types
2 485
3 976
4 219
5 51
6 3
1734
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Table 7. Long clusters: phonotactics vs. morphonotactics.

Cluster length Lexical Morphono-tactic Examples
(in number of | (intra-morphemic)
phonemes)
6 — 100% przestgpstwie, wewnatrzwspolnotowy,

wewnatrzzwiazkowy

5 - 100% dziecifstwie, bezwzglednie, rozbrzmiewa,
kontrprzyktad, postzwiazkowy,
tysigcstronicowy
4 5% 95% /rstt/ warstwa (lex 3%) ministerstwo (-stwo
morph 97%), krwig (lex), krnabrny (lex),
zdzbto (lex), roztkliwia¢ (morph), odstrzat
(morph), jedmy (lex)

Markedness measured by NAD, however, may fail as a predic-
tor of difficulty in specific types of performance, in particular, when
marked (NAD dispreferred) clusters arise in contexts triggered by the
principle of least effort. The application of phonostylistic processes in
casual speech, such as vowel reduction “may lead to a temporary rise
of ‘new’ clusters which are marked” (Dressler et al. 2001: 108). In the
casual, everyday style, we found the following ‘new’ clusters in Polish
(cf. Dressler et al. 2001: 108, Table 8), all of them marked. In this case,
the natural speaker-friendly tendency for ease led speakers to pro-
duce long clusters.

Table 8. “New” clusters resulting from vowel reduction.

Double clusters (12) né¢ | n¢ 3¢ mm|ss |ss(2)mv|zdz| zz |zt |nd
Triple clusters (9) tlk [tlk | pk | ffs |m vj| p/n | ssn | pfp | std
Four-consonant clusters (4) | ffsk | pkfw | pffw
@

Five-consonant clusters (2) | ffstk | fJsts

5. Conclusions

We have shown a better implicational relation between the
unmarked and frequent clusters than between the unmarked and
first acquired ones. Additionally, unmarked implies frequent in a dic-
tionary better than in a corpus. Generally, markedness predictions
based on NAD appear to work better for the system (lexicon) and its
use (dictionary and corpus) than for its acquisition. It may be that
we deal with a critical time in first language acquisition when the
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markedness predictions begin to operate. This, however, remains to
be investigated. Markedness predictions of ease of production have
been only shortly discussed in the paper and shown to depend on the
applied measure of markedness (size of cluster vs. NAD) as well as
the type of performance.

We conclude that for markedness to be a reliable tool of analysis
we need to consider the whole system of the language studied, cross-
compare to other systems, discover language-specific constraints,
collect and elicit larger quantities of reliable, natural, representative
and detailed data, as well as discover more criteria which co-deter-
mine markedness.
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Notes

1
2

Michat Jankowski, Paulina Zydorowicz.

Morphonotactics is the area of interaction between morphotactics and phono-
tactics (cf. Dressler and Dziubalska-Kotaczyk 2006).

3 As opposed to a purely phonemic treatment of clusters, reflected in their
phonemic transcription.

4 For the purposes of the calculations, the phonotactic calculator has been
developed (consecutive versions by Krynicki, Pietrala, the current one by
Aperlinski), available online under http://wa.amu.edu.pl/nadcalc/.

5  We included the voicing contrast, symbolized by Lx, in the previous version
of NAD. The presence of the voicing contrast between two members of a clus-
ter was signaled by the value 1, its absence by 0.

6 “Omnset clusters are considered to be timed more rigidly, allowing for less
timing variability and being less overlapped than heterosyllabic or coda clus-
ters (Byrd 1996; Hardcastle & Roach 1997)” (Bombien 2011: 35).
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Phonotactic vs. morphonotactic obstruent clusters in
Slovak and German

Wolfgang U. Dressler, Miroslava Hlini¢anova, Matej Durco, Karlheinz
Morth, Katharina Korecky-Kroll

Slovak has more consonants than German and also more consonant
clusters (plus accented syllabic sonorants). In addition, their asymmetric
distribution within the word is different: Slovak has more clusters in word-
initial position, German many more in word-final position. This difference is
reinforced by morphology, insofar as only Slovak has monoconsonantal prefix-
es, and only German has monoconsonantal suffixes. The main word-internal
difference is that in compounding German increases clusters, whereas Slovak
decreases them. Asymmetries in terms of type frequency are radicalised in
token frequency, i.e. in the profitability of clusters. In addition, clusters arise
in Slovak also via vowel deletion, which is extremely rare in German (except
in casual speech and in dialects).

1. Introduction

In continuation of previous theoretical and contrastive work
(Dressler & Dziubalska-Kotaczyk 2006, Dressler et al. 2010, Korecky-
Kroll et al. 2014) we contrast Slovak and German patterns of conso-
nantal morphonotactics vs. phonotactics from a phonological, mor-
phological and corpus-linguistic perspective. So far we have done only
some corpus-linguistic work on German, but the ongoing PhD thesis
of the second author allowed a vast corpus-linguistic study of Slovak
as well (which has never been done before). This enables us to discuss
it also in the framework of typological differences between a Slavic
and a Germanic language.

The theoretical background is Natural Phonology and
Morphology (cf. Dziubalska-Kotaczyk & Weckwerth 2002, Kilani-
Schoch & Dressler 2005), and this approach does not only strive
towards descriptive und explanatory adequacy but also towards guar-
anteeing, at least partially, the psychological reality of the linguistic
constructs. This demands a psycholinguistic perspective. In contrast
to Korecky-Kroll et al. (2014), the psycholinguistic perspective of
this contribution is devoted to acquisition and not to processing. In
usage-based linguistic and psycholinguistic approaches (Bybee 2001,
Bauer 2001, Tomasello 2003) it is often claimed that token frequency
is important only for the question of storage (which is not an issue
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here), whereas only type frequency and discrepancy between high
type frequency and low token frequency is relevant for productivity
and profitability of patterns (cf. Du & Zhang 2010, Berg 2014). We
compared type and token frequency, in order to evaluate these claims
with fresh data.

We investigate prototypical and non-prototypical cases of mor-
phonotactics, i.e. the prototypical case of merely concatenative shapes
of morpheme combinations, particularly when they differ from the
phonotactics of lexical roots and morphemes and thus signal mor-
pheme boundaries, as in English seem-ed /si:m-d/ (i.e., there is no lexi-
cal final [-md] cluster in English). All German cases that we investi-
gate are of this type. Slovak has, in addition, also the non-prototypical
case of morphological combinations resulting in vowel deletion, which
is extremely rare in German, for example in Risiko ‘risk’, adj. risk-ant
‘risky’. Slovak has many more, e.g. pes ‘dog’, pl. ps-y, adj. ps-i.

In those cases in which the pattern investigated occurs both in
lexical phonotactics and morphonotactically, such as word-final [pst]
in German Papst ‘pope’ vs. du gab-st ‘you gave’, we will look also at
the quantitative distribution of both patterns in large electronic cor-
pora. In order to focus on the most radical contrasts between German
and Slovak, we limit our study to obstruent clusters.

Consonant clusters are studied within the framework of
Dziubalska-Kotaczyk’s (2002) Beats-and-Binding model (cf.
Dziubalska-Kotaczyk & Zielinska 2010), which starts with syllabic
nuclei as beats and consonants bound to them, but does not assume
syllabic boundaries. For the sake of better understanding we will
however provide information about traditional syllabification for each
group of examples. Words are defined as morphological words and
thus include compounds (which also have just one main accent).

The corpus-linguistic research is done with the help of the huge
electronic corpora of the Slovensky narodny korpus (Slovak National
Corpus), which contains 829 million word tokens, the Austria Media
Corpus, which contains all the content of all Austrian journals and
periodicals of a period comprised between 15 and 5 years ago (7 bil-
lion word tokens), and the Austrian Academy Corpus, which focuses
on written texts of all genres of the nineteenth and earlier twentieth
centuries (half a billion word tokens).

Examples are written in the national orthographies. In the
German consonantal system, ch is a voiceless palatal or velar frica-
tive, sch (and word-initial s before a stop) a voiceless shibilant. Its
Slovak counterpart is written §, its voiced correspondent Z, ¢ stands
for a voiceless palatal affricate, dZ for its voiced counterpart, z is the
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voiced counterpart of s; ¢ (as in German) and dz the corresponding
affricates, ch a voiceless prevelar fricative, i its voiced counterpart,
t and i are the palatalized counterparts of # and n; an accent above
a vowel grapheme means length; r, [ between obstruents are syl-
labic. In Slovak there is a biunique relation between phonemes and
graphemes, with the exception of word-final obstruent devoicing and
forward devoicing of voiced to following voiceless obstruents (both
processes also occur in German, as well as the digraph ch).

2. Word-initial position

Word-initially, Slovak is much richer in obstruent clusters than
German, i.e. due to morphonotactic concatenation through the pre-
fixes z-, s-, v-, e.g. in s+chrad+nu-t ‘to get older’, z-drav-i-t ‘to greet’,
v-kvap-k-a-t ‘to drip in’ and because of greater phonotactic complex-
ity, e.g. pstruh ‘trout’, skvdr-a ‘slag’, vdov-a ‘widow’. Since Slovak is
very rich in word-initial obstruent clusters (which is not the case in
German), Slovak has many obstruent clusters which are either purely
phonotactic or purely morphonotactic or are ambiguous, i.e. both pho-
notactic and morphonotactic.

Purely phonotactic obstruent clusters are formed by the obstru-
ents dzb in dZbdn (2130 tokens) ‘jug’, pch in pchat (1850) ‘mend’,
more complex pstr in pstruh (3552) ‘trout’, pst in pstros (920) ‘ostrich’.
Purely phonotactic clusters are also combinations with the affricate ¢:
¢k in ¢kat (209) ‘gulp’, ¢p in épavok (661) ‘ammonia’ and ¢v in cvachtat
(124) ‘clap’, more complex $kv in Skvarka (313) ‘bacon greave’. Of
course, one has to classify the syllabic sonorants /r, I/ as non-conso-
nantal, as in $trngnir (520) ‘impinge’, Zbrnda (220) ‘sword’.

Purely morphonotactic obstruent clusters are s-¢ in s-cerniet
(351) ‘to become black’ or s-7 in s-tahovat (14463) ‘drag along’ or v-b in
v-biehat (244) ‘come in’, v-bodnit (93) ‘prick’, v-bit (48) ‘strike in’.

Slovak ambiguous obstruent clusters, which are both phonotactic
and morphonotactic, are restricted to combinations with word-initial
obstruents s, z, v (only exception: ps, see below), e.g. sc in scendr (31189)
‘scenario’ vs. s-c¢ in s-curknut (1475) ‘shrink’, sch [sx] in schizma (494)
‘schisma’ vs. s-ch in s-chladit (2229) ‘chill’, sf in sféra (30612) ‘sphere’ vs.
s-f in s-formovar (3628) ‘form’, sk in skala (25427) ‘rock’ vs. s-kombinovar
(1576) ‘combine’, v¢ [f¢] in véera (201703) ‘yesterday’ and vcela (8429) ‘bee’
vs. v-¢ in v-das (14111) ‘in time’, v-clen-it’ (909) ‘intersperse’, vzl in vzlyk
(1250) ‘sob’ vs. v-zl in vzlet (868) ‘ascent’, zb in zbojnik (5799) ‘robber’ vs.
z-b in z-balit’ (4266) ‘pack up’, zbr in zbrasn (78918) ‘weapon’ vs. z-br in
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z-brusit ‘smooth’, zv in zviera (63895) ‘animal’ vs. z-volit’ (43706) ‘choose’.
The exceptional cluster ps- is phonotactic in psi ‘slag’, morphonotactic as
result of morphology-induced vowel deletion of the root vowel of pes ‘dog’
in Pl. ps-y and in the derived adjective ps-i (7916), ps-in-ec (98) ‘dog der’,
compound ps-o-vod (2443) ‘dog guide’.

Table 1 additionally provides information about the proportion of
clusters that can be both phonotactic and morphonotactic in the lexi-
con. The as phonotactic clusters include the “ambiguous” clusters as
well; the same holds for the morphonotactic counterparts.

Table 1. Slovak word-initial obstruent clusters

CLUSTERS TOKENS LEMMAS
morphonotactic (M) 42 058 58
phonotactic (P) 12 073 799 1884
ambiguous / thereof morphonotactic 2 360 612 930
ambigues / thereof phonotactic 23177 076 2754
Total 37 653 545 5 626

Clearly word-initial phonotactic clusters (including those occur-
ring in inflected word-forms) largely outweigh morphonotactic types
and this contrast is radicalised in tokens. We interpret this as show-
ing that the relative normalcy (cf. Wurzel & Schentke 1989) of pho-
notactic sequences within a language is not only a question of type
frequency (i.e. number of lemmas or inflectional word forms in which
each sequence occurs), but also a question of their profitability in
term of tokens. This is especially important for consonant clusters,
because very frequent words are known for their tendency to reduce
consonant clusters.

The analysis shows that most clusters are of the ambiguous
group and that the marked group of purely morphonotactic clusters is
extremely limited. In other words, morphonotactic clusters are nearly
always built on the patterns of existing phonotactic clusters.

The German standard has no monoconsonantal prefixes, in
contrast to Bavarian-Austrian dialects, as in g’storben ‘died’, b’soffen
‘drunk’, z’ruck ‘back(wards)’, etc., corresponding to Standard German
ge-storb-en, be-soff-en, zu(-)riick. And the in the highest level of pho-
notactic complexity is reached in the sequence of two obstruents plus
a sonorant, as in Strafe ‘fine’, Sprache ‘language’, Splitter ‘splinter’,
Strontium, Skrupel ‘scruple’, Sklave ‘slave’.

The other German word-initial obstruent clusters are: [kv] as in

48



Phonotactic vs. morphonotactic obstruent clusters in Slovak and German

Quelle ‘source’, [ks] as in Xenophobie, [ps] as in Psychologie ‘psychol-
ogy’, zw [tsv] as in Zwang ‘coercion’, sc, sk [sk] in loanwords such as
scannen, Skalp, st in loanwords such as Stil ‘style’ (compare st [[t]
in Stock ‘stick’), sp in loanwords such as Spatium ‘space’ (vs. sp [[pl
in Spaf), [sf] in loanwords such as Sphdre ‘sphere’, [sv] in loanwords
such as Sweater, [s¢] in loan words such as Schizophrenie ‘schizophre-
nia’, schw [[v] as in Schwanz ‘tail’; limited to learned loanwords, one
should also mention pt, ft, such as Pteridin, Phthisis, cht [xt], such as
chthonisch, sz [sts] as in Szene ‘scene’.

3. Word-internal position

Word-medially both languages have comparable phonotactic con-
sonant clusters. In German, the syllable boundary is in compounds
immediately before the second compound member and in prefixations
always after the prefix, otherwise word-internal syllable onsets always
follow the pattern of word-initial onsets. In Slovak, the syllable bound-
ary is always after the first consonant of clusters (Dvon¢ et al. 2013).

Morphonotactic obstruent clusters arise in word formation in dif-
ferent distributions according to the typological difference between
Germanic compounding languages and the rather derivational Slavic
languages. Thus German compounds such as Dienst+grad ‘military
rank’ have no correspondence in Slovak, not only because common
Slovak is much poorer in compounds than German, but also because
for Slovak the compounding interfix -o- is typical, as in S$trk-o-piesky
‘gravel beach’ (from $trk ‘gravel’, piesok ‘sand’, Pl. piesk-y), mozg-ov-
o-ciev-n-y ‘cerebrovascular’ (mozog ‘brain’, Adj. mozg-ov-y, ciev-a ‘ves-
sel’, Adj. ciev-n-y). In contrast, German has the obstruent interfix -s-,
which increases consonantal complexity, as in Konig-s-krone ‘royal
crown’, Fried-hof-s-mauer ‘cemetery wall’.

Slovak word formation creates, via many consonant-final prefixes
and consonant-initial suffixes, many complex morphonotactic obstru-
ent clusters, such as roz-drob-en-y ‘broken up’, gréf-stvo ‘county’.
Furthermore, in contrast to German, Slovak declension creates via
vowel deletion new morphonotactic obstruent clusters, as in mozog
‘brain’, Gen.Sg. mozg-u vs. vosk ‘wax’, laket’ ‘ellbow’, Gen.Sg. lakt’a vs.
akt ‘act’, otec ‘father’, Gen.Sg. otc-a, list-ok ‘leaflet’, Gen.Sg. list-k-a/u,
o-pas-ok ‘belt’, Gen.Sg. o-pask-a vs. po-tok ‘creek’, Gen.Sg. po-tok-a/u,
prefixed from tok ‘river, stream’.

Since Slovak does not allow word-final obstruent groups -zg, -tk,
-stk, one could be induced to assume that we do not deal here with
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vowel deletion, but with automatic phonological vowel insertion in the
Nom.Sg. /mozg, list-k/, etc. As a consequence, these obstruent clusters
would not be morphonotactic, but phonotactic. However with some
obstruent clusters, these occur also word-finally, i.e. one would have
to assume a non-automatic, lexically restricted morphonological vowel
insertion, for example in Nom.Sg. o-pas-ok ‘belt’, Gen. o-pas-k-u/a (a
morphosemantically opaque diminutive derivation from pds ‘strap,
belt’) vs. vosk ‘wax’, stisk ‘pressure’, vy-prask ‘clout’, kiosk ‘kiosk’. Note
that the assumed underlying /mozg/ would be subject to obligatory
word-final obstruent devoicing to [mosk]: this word-final obstruent
cluster would be perfectly pronounceable.

Of the other obstruent clusters we would like to cite the special case
of disyllabic chrbdt ‘back’, Gen. chrbt-a/u vs. the Latinate loanwords
recept ‘receit’, adept, koncept, Egypt. The insertion of a long [a:] in /xrbt/
- chrbdt would not only be isolated, but also phonologically totally
implausible. The assumed underlying Nom.Sg. /xrbt/ would be subject to
phonological voicing assimilation /xrpt/. The isolatedness of the deletion
of long -d- in all other inflection forms of Masc. chrbdt, plus in the deriva-
tions Fem. chrbt-ic-a Jback bone‘, Adj. chrbt-ov-y has stimulated the for-
mation of rare alternative forms without vowel deletion. The token fre-
quencies in the Slovak National Corpus are, in the case of Gen.Sg., chrbt-
a 6368, chrbt-u 172 vs. chrbdt-a 68, chrbdt-u 19. This token frequency
distribution is further evidence for the basic status of /a:/ in chrbdt.

Furthermore, vowel deletion (which is also assumed in Ruzicka et
al. 1966, Sokolova et al. 1999) instead of vowel insertion is also sup-
ported by the two following arguments. First, the alternating vowel is
restricted to the unmarked base form of the Nom.Sg., whereas vowel
deletion signals in an anticipatory manner (cf. Dressler 1985) marked
inflection, derivation or compounding via the new morphonotactic
consonant cluster; see e.g. the above-mentioned example mozg-ov-
o-ciev-n-y ‘cerebrovascular’ (from mozog ‘brain’). Second, the alter-
nating vowels originated by sound change law from the Protoslavic
ultra-short vowels jer and jor,! which later were automatically deleted
in unstressed positions (cf. Krajcovi¢ 1971, Sabol 1989, e.g. in Old
Church Slavonic xrbbbhth > Slovak, Serbo-Croatian chrbdt, Bulgarian
chrbét, Slovene hrbét). In current theories of language change there
is no plausible explanation, why in these alternations vowel deletion
should have been reanalysed as vowel insertion.

German correspondences with obstruent-initial suffixes are mor-
phonotactic Kind-chen ‘child-DIM’, Gast-lich-keit ‘hospitality’ (/¢/ is
the only obstruent followed by the allomorph -keit of -heit in German,
thus obstruent clusters and especially plosive clusters are avoided),
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lenk-bar ‘guidable’, Schick-sal ‘fate’, furcht-sam ‘timid’, ab-wdrts
‘downwards’, unproductive Jag-d ‘hunting’, Schlach-t ‘battle’, Schrif-t
‘writing’, Ein-kunf-t ‘income’, Ge-liib-de ‘vow’, Klap-s ‘smack’, Knack-s
‘crack’, dch-zen ‘to groan’, the isolated suffixoid in Witz-bold ‘witty fel-
low’.

Verb prefixation too creates new word-internal obstruent clus-
ters. For example, the separable prefix/particle ab- motivates the
exclusively morphonotactic clusters /p-d, p-t, p-g, p-k, p-f, p-ts, p-v/, as
in ab-drehen, ab-treten, ab-geben, ab-kommen, ab-schaffen, ab-ziehen,
ab-wickeln (with the addition of longer clusters, as in ab-streiten).
Also some of the few non-separable verbal prefixes create new clus-
ters, as with ent-, and the earlier but now only vestigial suffix ant-.
All nominal and adjectival prefixes are non-separable. In addition,
prefixes (and compounding) create geminate consonants which are
disallowed morpheme-internally, and, phonotactically even worse,
pseudogeminates are created by syllable- and morpheme-final obstru-
ent devoicing, as in ab-bauen with /p-$b/.

4. Word-final position

In word-final position, German has morphonotactic -Cst clusters
in 2" singular verb forms, superlatives and unproductive nominalisa-
tions with the homophonous -st suffix.

As Dressler & Dziubalska-Kotaczyk (2006) have shown, exclusive
morphological motivation exists for the clusters /-xst, -fst/, as in lach-
st ‘you laugh’, schlif-st ‘you sleep’ as well as for the clusters /-pfst,
-rkst -l1kst, -nkst, -1pst, -mpst/.

A strong default is represented by the regional variant /-nkst/ (as
in hdng-st ‘you hang’ vs. monomorphemic Angst ‘anxiousness’ as well
as by /-rpst. I.e. there are extremely few phonotactic cluster occur-
rences vs. an extensive, potentially unlimited number of morphono-
tactic cluster occurrences. The default is slightly weaker (i.e. there
are significantly more phonotactic exceptions) in postvocalic /-pst/, as
in lieb-st ‘you love’ as well as in postvocalic /-kst/ and in the affricate
/ts/ followed by /-(s)t/, as in reiz-(s)t ‘you/(s)he irritate(-s)’. And the
morphonotactic default is even weaker with base-final sonorant as in
/-rst, -nst/ clusters.

A further source of word-final morphonotactic obstruent groups
is the nominal -s Gen.Sg., as in des Lob-s ‘of the praise’, Prinzip-s
‘principle’, Kalb-s ‘calf’, Skalp-s ‘scalp’, Korb-s ‘basket’, Ge-zirp-s
‘chirping’, Schiff-s ‘ship’, Archiv-s ‘archive’, Schilf-s ‘reed’, Dorf-s
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‘village’, Nerv-s ‘nerve’, Krieg-s ‘war’, Lack-s ‘varnish’, Werg-s ‘tow’,
Quark-s ‘curd’, Talg-s ‘tallow’, Ulk-s ‘trick’, Dach-s ‘roof’.

Parallel phonotactic clusters occur in Schnaps ‘brandy’, Gips ‘gyp-
sum’, Raps ‘colza’, Kollaps ‘collapse’, Krebs ‘cancer’, Riilps ‘belch’, Knirps
‘dwarf’, Keks ‘cookie’, Koks ‘coke’, Klecks ‘blot’, Fuchs ‘fox’. Morphonotactic
word-final (r/1)fs, xs, lks, rks have no phonotactic parallels.

A problem is represented by imperatives of the type knicks!/,
schubs! ‘curtsy!’, ‘push!’. First, it is unclear whether the word-final -s
is synchronically still a derivational suffix. Second, even if not, it is
unclear whether such imperatives are to be classified as base forms (if
yes, then phonotactic) or as morphologically derived from the infini-
tive as lexical entry.

In contrast to German, Slovak word-finally has no consonantal
inflection suffixes, but creates morphonotactic obstruent clusters in
suffixless genitive plurals via deletion of the stem vowel, as in rod-i-
sk-o ‘birth place’, Gen.Pl. rodisk, mzd-a ‘wage’, Gen.Pl. miezd.

Examples of Slovak word-final obstruent clusters, which are
both morphonotactic and phonotactic, (with their token frequency
values within brackets) are e.g. Gen.Pl. (all neuters) prac-ov-i-sk
(9573) ‘of the working places’, voj-sk ‘troups’ (8015) vs. Nom.Sg. zisk
‘yield’ (20788) or blesk ‘lightning’ (4852); Gen.Pl. icilist ‘educational
establishments’ (935) vs. pldst (2120) ‘coat’; miest (9982721) ‘towns’
vs. rast ‘growth’ 37958. Among the female Gen.Pl., one can mention
[st] in hviezd (153253) ‘of stars’ vs. zjazd (3239) ‘assembly’; from naft-a
‘petroleum’, the Gen.Pl. ndft (6) vs. kseft ‘shop’ (from Austrian German
G(e)schift) (551); from post+a ‘post’, Gen.Pl. p6st (4813) or from
vraZd-a ‘murder’, Gen.Pl. vrdzd [vra:st] (4723) vs. must (214) ‘must’;
from lopt-a ‘ball’, Gen. Pl. lopt (2819) vs. koncept ‘concept’(3025); Gen.
Pl. siekt (905) ‘seckts’ vs. projekt ‘project’ (51215); Gen.Pl. jdacht (336)
‘yachts’ or $dcht (317) ‘pits’ vs. Nom.Sg. necht (206) ‘nail’.

There are also purely morphonotactic word-final obstruent clus-
ters, which originate only in Gen.Pl.: ¢t in péct (325) ‘of honours’, -pch
in zdpch (90) ‘obstructings’ and -rst in vierst (211) ‘wersts’.

In German, there are many word-final morphonotactic obstru-
ent clusters due to verb inflection, especially 2nd and 3rd Sg. or 2nd.
Pl., in combination of ch /x/ with st or ¢: e.g. only morphonotactic ch-st
from machen ‘make’ in 2nd Sg. mach-st, whereas ch-¢t in 3rd Sg and
2nd Pl. mach-t has a phonotactic ccorrespondence in Macht ‘power’. In
contrast, Slovak has such morphonotactic word-final obstruent clus-
ters only in Gen.Pl., as for example in Gen.Pl. jdcht ‘of yachts’. Thus,
word-finally, German is richer in obstruent clusters than Slovak. Such
obstruent clusters occur morphonotactically in the German verbs: e.g.
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flitz-t ‘flits’, herz-t ‘caresses’, lach-t ‘laughs’, schaff-t ‘creates’, park-t
‘parks’, klapp-t ‘flaps’, lieb-t ‘loves’, verschlamp-t ‘loses by neglect’,
lass-t ‘lets’, schirr-st ‘harness’ (2nd Sg.), schiel-st ‘squint’, schien-st ‘put
in splints’, salb-st ‘anoint’, kerb-st ‘notch’, hack-t ‘hacks’, 2nd Sg. hack-
st, krank-t ‘is sick’.

German phonotactic correspondences of these word-final obstru-
ent clusters occur in Schaft ‘shaft’, Adept ‘adept’, First ‘ridge’, acht ‘8,
Arzt ‘physician’, prompt ‘prompt’, Wulst ‘bulge’, Wanst ‘belly’, Markt
‘market’, Papst ‘pope’, Herbst ‘autumn’, Takt ‘tact’, Text ‘text’, Punkt
‘point’. Thus phonotactic word-final obstruent clusters occur in both
languages, but they have a much higher type and token frequency in
German than in Slovak, the opposite of what holds for word-initial
obstruent clusters.

Only morphonotactic are the German word-final obstruent clus-
ters in salb-t ‘anoints’, 2nd Sg. salb-st, rupf-t ‘plucks’, 2nd Sg. rupf-st,
welk-t ‘withers’, 2nd Sg. welk-st, only 2nd Sg. lach-st laugh’, krank-st
‘(you) are sick’.

Probably, segmentally identical phonotactic and morphono-
tactic clusters have different vowel durations (cf. Plag 2013), but it
is yet unclear whether these differences lie above the threshold of
perceptibility.! In any event, Plag is right in objecting to linguistic
models which crucially contain a flow-chart from one submodule to
another one in a way which presupposes bracket erasure (criticised
also in Brown & Hippisley 2012: 273). Our model of morphonotactics
(Dressler & Dziubalska-Kotaczyk 2006, Dressler et al. 2010, Korecky-
Kroll et al. 2014) does not presuppose such bracket erasure. This also
fits the above mentioned Slovak word-medial patterns: assuming that
in a flow-chart inflectional morphology follows derivational morphol-
ogy, the derivational boundary in po-tok must not be erased in order
to prevent vowel deletion in Gen.Sg. po-tok-a/u, in contrast to the
oblique cases of list-ok and otec.

5. Phonotactic markedness

For German and other languages, there exist phonotactic analy-
ses which assume any third consonant in a tautosyllabic consonant
cluster as extrasyllabic or extrametrical (see Wiese 1988, 2000), which
makes such a cluster a marked one. Additional consonantal mor-
phemes increase markedness.

For our purpose, one of the most extensive and sophisticated
markedness analyses can be found in Dziubalska-Kotaczyk’s (2002,
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2009, Dziubalska-Kotaczyk & Zielinska 2010) Beats-and-Binding
model, which goes beyond numerical complexity and purely sonority
based models. This phonotactic theory measures the degree of bind-
ing of the consonants to each other and to beats (vowels and syllabic
sonorants) by means of Net Auditory Distance (NAD). Being calcu-
lated as the distance which occurs between two segments in terms
of manner and place of articulation, NAD evaluates word-initial and
word-final consonant clusters as the more preferred the greater the
relative NAD is between the beat and the adjacent more peripheral
consonant in comparison to the NAD obtained between the peripheral
consonants themselves.

A basic hypothesis in this model assumes that morphology ren-
ders phonotactics more marked. Thus morphonotactic obstruent clus-
ters should be more marked than comparable phonotactic clusters (in
the narrow sense). And indeed, if we compare the preferred cluster-
rich positions of Slovak and German, then in Slovak word-initial posi-
tions the five most frequent morphonotactic biconsonantic obstruent
clusters s-¢-, z-v-, v-2-, s-ch-, z-2- are more marked than the five most
frequent purely phonotactic obstruent clusters sv-, st-, dv-, tv-, $k-.

As to German word-final consonant clusters, the purely morpho-
notactic triconsonantal clusters -f-st, -pf-st, -x-st are among the most
marked word-final clusters (cf. Korecky-Kroll et al. 2014). However
more analyses of other clusters are needed.

6. On the acquisition of German (mor)phonotactic obstruent clusters

This psycholinguistic section is devoted to the relationship between
phonotactic and morphonotactic consonant clusters in first language
acquisition, because phonotactic markedness has to do with how pat-
terns are acquired by young children. Freiberger (2007) investigated
morphonotactic and phonotactic clusters in the longitudinal spontane-
ous speech data of a Viennese boy (aged 1;6 to 3;0) and, in contrast to
Zydorowicz (2009) on Polish and English and to Kamandulyte (2006)
on Lithuanian, did not find a clear advantage for the acquisition of mor-
phonotactic as opposed to phonotactic clusters, but also no disadvantage.
This can be interpreted as showing that in morphology-rich languages,
such as the Slavic languages, the presence of a grammatical morpheme
within a word-final, word-medial or word-initial consonant cluster helps
phonological acquisition (see the notion of bootstrapping, cf. Weissenborn
& Hohle 2001), because children are more stimulated to focus on the
acquisition of a richer than of a poorer morphology (Xanthos et al. 2011).
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Unfortunately no acquisition data are so far available for Slovak.

Here, we briefly present the results of an analysis of spontaneous
speech data from 16 typically developing Viennese children (aged 2;11
to 3;6) and their main caretakers. There were two 30-minute-record-
ings per child, thus 16 hours of speech in total. Our analysis is limited
to -Cst clusters, which are the most frequent triconsonantal clusters
in German.

In contrast to the Austrian German electronic corpora and to the
Slovak National corpus of written adult speech, we find a much high-
er percentage of morphonotactic than of phonotactic consonant clus-
ters in the children and caretakers speech: 85 % of the children’s and
90 % of the parents’ word tokens with word-final -Cst clusters contain
morphotactic boundaries. A frequency ranking of word tokens con-
taining -Cst clusters shows that the top three clusters in child speech
(CS) and in child-directed speech (CDS) are all morphonotactic and
the same in children and parents, namely final morphonotactic -n-st,
-l-st and -k-st. These are only 2nd sg. verbal forms, such as du kann-st
‘you can’, will-st ‘want’ or mag-st ‘like’ which are extremely important
and frequent words in parent-child interaction. Apart from the top
three clusters, CDS and CS are slightly different. In CDS the final
morphonotactic cluster -x-s¢, as in du brauch-st ‘you need’, is more
frequent, whereas -f-st, as in du darf-st ‘you may’ is more frequent in
CS. In the fifth place we find word-final morphonotactic -m-st, as in
du komm-st ‘you come’. In CDS and CS the top phonotactic cluster is
-nst, as in sonst ‘otherwise’. Phonotactic nst is also the most frequent
medial cluster of our consonant clusters, but in comparison to the
most frequent morphonotactic clusters it still is very rare.

The interaction between parents and their young children rep-
resents a very specific genre of oral speech, which abounds in second
singular verb forms. This shows that the distribution of morphonotac-
tic vs. phonotactic consonant clusters may be very genre-specific. But
clearly for the acquisition and establishment of markedness relations
oral CDS is the most important speech genre.

7. Conclusion and outlook

Phonotactic asymmetries between word-initial, word-final and
word-medial positions are well-known. This starts with how the uni-
versal preference for CV structures (Dziubalska-Kotaczyk 2002, 2009)
is realized in the three positions and depending on whether a word
is monosyllabic, disyllabic or polysyllabic. What is interesting for the
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contrastive analysis of Slovak and German obstruent clusters is their
polar difference in the asymmetry between word-initial and word-final
position: whereas Slovak is much richer in type and token frequen-
cies of word-initial obstruent clusters, German is much richer in type
and token frequencies of word-final obstruent clusters. Type frequency
asymmetries proved to be radicalised in token frequency differences,
which means that the dominant patterns are more profitable. These
asymmetries hold both for phonotactic clusters in the narrow sense and
for the morphonotactic ones, even for purely morphonotactic obstruent
clusters. This basic difference between the two languages appear to go
back to prehistoric or early historic major vowel deletions in German
word-final positions as opposed to late Protoslavic deletions of ultra-
short jer and jor in preceding word positions.

In word-medial positions both languages have a rich array of
phonotactic obstruent clusters (not analysed in this contribution) and
of morphonotactic clusters originating in derivational morphology.
There is however a strong contrast in compounding which creates
morphonotactic clusters in German, but avoids them in Slovak.

Slovak is a more consonantal language than German (27 vs. 21),
and allows the phonemes /r, 1/ as stressed syllabic nuclei. This gen-
eral profile is presumably also responsible for the greater amount of
consonant clusters, which include also more marked clusters than
German. Morphology favours this consonantal abundance in Slovak
due to frequent vowel deletion, but disfavours it word-internally in
compounding via vocalic interfixes (in contrast to German consonan-
tal interfixes). But this is less relevant, because German has much
more productivity in compounding than Slovak.

What makes a difference between phonotactic and morphonotac-
tic obstruent clusters is the greater markedness of morphonotactic
than of phonotactic clusters. Nevertheless the interaction of morphol-
ogy and phonology has been found to favour morphonotactic clusters
in processing and in the acquisition by typically developing children
(as opposed to children with Specific Language Impairment), at least
in the morphology-rich languages Polish and Lithuanian. Evidence
for German acquisition is still unclear, and there is not yet any study
for the acquisition of Slovak.

Nevertheless also the evidence from our huge electronic corpora
of adult speech must be considered with caution. It is not entirely clear
whether these data are representative for the languages analysed. All
three electronic corpora are limited to written data produced by adults
for adult readers (adult-directed speech). Moreover, the Austrian Media
Corpus is restricted to journalistic prose, whereas the much smaller
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Austrian Academy Corpus includes also literary, political, and scien-
tific texts (including scientific popularisation). In contrast, the Austrian
acquisition data at our disposal are oral data, and for adult produc-
tions limited to child-directed speech. For all these reasons, we plan to
extend our analyses to adult-directed adult oral speech.
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Notes
' In the tradition of generative Lexical Phonology, Rubach (1993) assumes also for the syn-
chronic analysis of today’s Slovak the underlying phonemes jer and jor, which never occur on
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ralness principle).
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phonotactic vs. morphonotactic consonant clusters, trying to fill in this research lacuna.
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Sonority and early words: the Sonority Syllable Model
applied to an acquisitional project with Danish children

Laila Kjerbaek, Ditte Boeg Thomsen, Claus Lambertsen & Hans
Basbgll

Syllables play an important role in children’s early language acquisition,
and children appear to rely on clear syllabic structures as a key to word acqui-
sition (Vihman 1996; Oller 2000). However, not all languages present children
with equally clear cues to syllabic structure, and since the specific L1 is known
to influence the acquisition rate, it is worth investigating how sonority charac-
teristics in children’s linguistic input influence their lexical acquisition. Danish
is characterized by having a monotonous sonority envelope compared to other
Scandinavian languages. Danish language acquisition therefore presents us
with the opportunity to examine how children respond to the task of word
learning when the input language offers less clear cues to syllabic structure
than usually seen. To investigate the sound structure in Danish children’s lexi-
cal development, we need a model of syllable structure; and as the theoretical
basis for our analyses related to sonority we present Basbgll’s Sonority Syllable
Model for phonotactics, which is based upon a non-circular version of a sonority
hierarchy. We investigate spontaneous child language output in a longitudinal
corpus with two children aged 9-29 months. For the two children, the phonetic
structure of the first ten words to occur is compared with that of the last ten
words to occur before 30 months of age, and with that of ten words in between.
Measures related to the sonority envelope, viz. sonority types and in particular

sonority rises, are applied to this data.

1. Syllables in children’s language acquisition

In children’s early language acquisition, the structure of canoni-
cal syllables with transitions between consonants and vowels appears
to be of major importance to children’s parsing of their input and to
their own productions. The onset of canonical babbling with well-
formed and temporally regular syllables is often regarded as “the
most striking production milestone in the first year” (Vihman 1996:
109), and the occurrence, amount and types of CV syllables in bab-
bling is predictive of many later developments in language acquisi-
tion (Kent 1992, Stoel-Gammon 1998). Further, children have been
found to rely on the specific canonical syllables ‘practiced’ during bab-
bling in their earliest word productions (Vihman 1992). Oller (2000)
suggests that syllables with their relatively consistent timing are
fundamental to children’s parsing of the input stream because they
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impose rhythmical structure on speech and “provide a frame of focus
for perception, allowing the listener to perform analysis on limited
chunks of information” (Oller 2000: 91).

We assume that children develop a network of sound-based asso-
ciations, cross-indexing the words they know regarding for example
syllable-count and matching initial or final syllables (Vihman 1981:
247). The stressed syllable seems to be of significant importance — yet
we might expect the syllable to be more important in stress-timed
languages like English than in more syllable-timed (‘weakly stressed’)
languages like French (Vihman 1981: 254). Danish is expected to be
like English in this respect.

2. The Sonority Syllable Model

2.1. Vocoid: the prototypical peak of a syllable

All languages of the world can be described using syllables as
structures.! All languages have vowel segments which form the peak
of a syllable. Some, but not all, languages also have non-vowels (conso-
nants) that can form the peak of a syllable.?2 All languages of the world
have non-vowels that do not form the peak of a syllable. Some, but not
all, languages also have vowels that do not form the peak of a syllable.?
Thus the prototypical peak of a syllable is phonetically a vowel seg-
ment, a “vocoid”, whereas the prototypical non-peak of a syllable is pho-
netically a consonant, a “contoid” (Pike’s terminology 1943).

Basbgll (since Basbgll 1973) has used an equation as the defini-
tion of vocoid:

[vocoid] =pgr [sonorant, —stop, —lateral]

2.2. Universal logic of segment types: independent of time and seg-

ment order

All vocoids are, necessarily, sonorant.* But some sonorants are
not vocoids, viz. prototypical (sonorant) laterals and nasal consonants
(which are [sonorant, stop]). Furthermore, all sonorants are, neces-
sarily, voiced.®> On the other hand, there are non-sonorant sounds
(obstruents) that are voiced. Also voiceless segments occur, of course.
This universal logic of segment types, built exclusively on existing vs.
excluded segment types, can be formulated as an implication and be
depicted by a set of (concentric) Euler’s circles (Figure 1):

[vocoid] implies [sonorant] implies [voiced]
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Figure 1. A set of (concentric) Euler’s circles
depicting the logical relation between vocoids,
sonorants and voiced segments independently
of any time- or order aspect (from Basbgll 2005:
194).

son

Vol

2.3. Introducing time: a syllable model emerges

When the dimension of time is introduced into the set of concen-
tric circles, a set of relevant order classes of phonotactics follows, pre-
dicting the order (up to the peak): voiceless segments, voiced obstru-
ents, sonorant contoids, vocoids; and the mirror-image order in the
final part of the syllable. Thus the introduction of the time dimension
turns the model into a Sonority Syllable Model (Figure 2):

Figure 2. The Sonority
Syllable Model. Identical
to the set of Euler’s circles
depicted in Figure 1, but
with the addition of the
dimension of time which

: turns the figure into a syl-
m UME  1ahle model (from Basboll

vog 2005: 184).

)

2.4. Margins of the Sonority Syllable Model: [spread glottis]

One further phonologically relevant distinctive feature satis-
fies the criteria for entering into the implication chain underlying
the model: [spread glottis], which we understand as meaning ‘widely
spread glottis’. There are segments that are voiceless but do not have
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(widely) spread glottis.® This means that the maximal version of the
Sonority Syllable Model can be based upon the following implication
chain:

[vocoid] implies [sonorant] implies [voiced] implies [—spread glottis]

One consequence of this implication chain in the Sonority
Syllable Model is that its most marginal segments have the feature
[spread glottis]. This makes very good sense phonetically, in our view:
the isolated monosyllable, which is the prototypical isolated syllable,
starts and ends in rest position which has, obviously, widely open pas-
sage through the glottis (for breathing).”

2.5. Conclusion on the Sonority Syllable Model

The Sonority Syllable Model predicts that sequences specified in
terms of sonority types exhibit ‘mirror image’ structure initially and
finally. This is generally true. But it does not follow from the Sonority
Syllable Model that sequences of equal sonority are ‘mirror image’-
like. On the contrary, they strongly tend to have the same order ini-
tially and finally, following separate principles, and the distinction
between one and a sequence of two identical segments must be found
outside sonority, viz. in prosody and in substitutability.®

3. Some phonological differences within Scandinavian: Danish and
the sonority envelope

As captured by the Sonority Syllable Model, syllable structure
in the languages of the world is fundamentally characterized by rises
and falls in sonority. Since the syllable appears to be an important
entity in early child language acquisition, we expect clear differ-
ences in sonority to facilitate children’s parsing of the input stream
and their lexical acquisition. However, the languages of the world
of course differ widely as to phonotactics, i.e. the concrete syllable
structures allowed by the specific languages and the Sonority Syllable
Model’s circles activated, and also as to which types of reductions
characterize spontaneous speech. So, even if children can be gener-
ally expected to be highly sensitive to rises and falls in sonority in
the input stream during early lexical acquisition, the languages of
the world present them with very different cues to syllable structure.
Danish is characterized by an unusually monotonous sonority enve-
lope and may therefore present L1 learners with special challenges.
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This becomes particularly clear when we compare Danish and its
close Scandinavian relatives, in particular its closest relative Swedish
(which is also East Nordic).

In Danish, coda lenition, light stressed syllables, schwa elision,
/r/ elision, semi-vowel elision and length vacillation are all features
causing indistinct sound structure, whereas in most forms of Swedish,
word accents, final lengthening and compulsory sentence accent
are all strong prosodic cues making sound structure more distinct
(Grgnnum 2003, 2005), see Table 1. Therefore Swedish is most likely
easier for children to grasp.

Table 1. Sound structure in Danish and Swedish (from Basbgll 2012: 24, based
upon Grgnnum’s work, see Grgnnum 2003, 2005, 2008).

DanisH SWEDISH
Coda lenition Yes No
Light stressed syllables Yes No
Schwa elision Yes No
/r/ elision Yes No
Semi-vowel elision Yes No
Length vacillation Yes No
Tonal word accents No Yes
Final lengthening No Yes
Compulsory sentence accent No Yes
Signal for utterance function Weak and global Strong and local

Corresponding to Swedish (non-sibilant) obstruents, Danish has
(non-lateral) approximants and glides, i.e. segments which belong to the
same sonority class as vowels, viz. vocoids. There is a combined effect of
weakening and schwa-reduction, for example Swedish gata [*ga:tal and
koka [*’kMuka] vs. Danish gade ['gee(1)0(:)] and koge ['kro(:)w(:)].°?

Figure 3. The syl-

GG O GO O O OGCGC O O lable structure in
/\ ( ’ [ A J J ' Danish koge o(ver)
/ _ ‘boil over’, (Duge

LU H u(denfor) ‘weed out-
/ 4 IJ- u u K u “\“ ll-l;l Hi side’, (h)ardere at
\ \/ W \ \ _I dre(lade) ‘harder to
2] D u [ bleed’ (Rischel 2003:

2179).
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In Figure 3 Rischel (2003) demonstrates that the structure of
the Danish syllable (which he calls ‘a national heritage’) leads to a
syllabic-moraic structure where a single vowel can realize a sequence
of morae and syllables.!°

Table 2 exhibits the past tense forms of a fully regular and fully
productive weak verb, viz. Danish love ‘promise’ and its Scandinavian
cognates in Norwegian (bokmaél'!), Swedish and Icelandic. The most
significant observation comes from the column ‘Sonority rises from
the stem-final consonant’. In Danish there is no indication whatso-
ever in the sonority envelope that a syllable (containing the past time
morpheme) has been added to the stem, cf. Figure 3. The phonology,
in particular sonority and syllable structure, thus makes the morpho-
logical structure of such forms in Danish far more opaque than is the
case in our close Scandinavian relatives.

Table 2. Weak past tense forms in Scandinavian (based upon the principles of
Bleses et al. 2011: 16). Example: past tense of (Danish) love ‘promise’ and its
Scandinavian cognates (from Basbgll 2012: 26).

SPOKEN NuUMBER OF | NUMBER OF | NUMBER OF | WORD ACCENT
FORM SYLLABLES IN | VOWELS IN SONORITY CUE FOR
SUFFIX SUFFIX RISES SUFFIX (NON-
0,1,2) (0,1,2) FROM THE ST@D/TONEME
STEM-FINAL 2)
CONSONANT (0,1)
(0,1,2)
Danish
-ede ['10:659] 2 0 0 (1)
['10:w59] 1 0 0 1)
Norwegian
-et [lo:vat] 1 1 1 1
-a [’lo:va] 1 1 1 1
Swedish
-ade [*lo:vada] 2 2 2 1
-a [*lo:va] 1 1 1 1
Icelandic
-adi ['1o:vadi] 2 2 2 0
-adir ['lo:vadir] 2 2 2 0
-udum ['lo:vydym] 2 2 2 0
-udud ['1o:vydvd] 2 2 2 0
-udu ['lo:vydy] 2 2 2 0
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4. Hypotheses

In perception canonical syllables with clear transitions between
consonants and vowels are privileged units for children to analyze (Oller
2000). For their own production of canonical syllables in pre-linguistic bab-
bling children depend on their ambient language (Oller & Eilers 1988),
and these babbling syllables later serve them as bases for their own first
words (Vihman 1996). Danish presents children with fewer cues to syl-
lable structure than many other languages do, and this makes early
Danish lexical development particularly interesting. The specific sonority
characteristics of the input language could be expected to affect children’s
selection of target words for production, their actual pronunciation of the
selected target words and/or acquisition rate. In this study, we focus on
the first two issues (with the exclusion, therefore, of acquisition rate) and
investigate Danish children’s early words across three age stages in terms
of segments and syllables per word, sonority types and number of sonority
rises, examining both target word selection and actual pronunciation. For
all these measures (segments, syllables, sonority types and sonority rises
per word), we expect to see a rise at each of our measure points, but we
cannot predict whether such expansion will show up in children’s selection
of words, in their pronunciation of words (e.g. less reduction with age) or
in both. We do not consider these measures to be language specific, i.e. we
expect a developmental increase in these measures in other languages as
well. But we also expect the exact developmental evolution with respect to
these measures to be dependent on language type. Further, we will seek to
assess whether Danish children prefer words with clear syllable structure
to words with vague syllable structure as targets for pronunciation, and
whether such potential preference/avoidance patterns are equally active
across development within the time window investigated.

5. Method and empirical data

In order to test our hypothesis we have analyzed longitudinal
data from the Odense Twin Corpus, a corpus of spontaneous child
language input and output. We used data from a dizygotic twin pair,
namely the girls Ingrid and Sara in the age of 9-29 months. The chil-
dren and their family were recorded for about an hour once every
month. All recordings are transcribed in CHILDES (MacWhinney
2000 a,b) in Danish standard orthography and coded in OLAM!2,
where all words were provided with morphological information as
well as their standard pronunciation (cf. Kjaerbak 2013).
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We know from earlier studies that children’s pronunciations vary
more than adults’ from one time to the next, and, in their first few
months of talking, they may produce multiple versions of the same
word (Maekawa & Storkel 2006; Sosa & Stoel-Gammon 2006). In this
study we focus on a minor set of words, which we will then follow
throughout the time window. This gives us the opportunity to study
the development of the specific word during time as well as the child’s
different pronunciations of the same word in the same recording.

For each child we have registered: 1) the first ten words in the
corpus (A-words); 2) the last ten words in the time window (9-29
months) (C-words); 3) ten words exactly in the middle (B-words). All
occurrences of the A-, B- and C-words are transcribed phonetically in
child speech of the respective child as well as in her parental input
(Basbgll et al. 2012a,b), see Tables 3-5.

To decide whether sound strings should be counted as babbling or
first words (i.e. A-words), we followed the explicit word identification
procedure in Vihman & McCune (1994), evaluating each possible word
candidate on the following criteria: Context (determinative context,
caretaker identification, multiple use, multiple episodes), Vocalization
shape (complex match, exact match, prosodic match), Relation to other
vocalizations (imitated tokens, invariant shape, no inappropriate uses).

Table 3. Ingrid and Sara’s A-words including standard adult pronunciation and
the child’s pronunciation.

INGRID SARA
Worp GLOSS STANDARD | CHILD | WORD GLOSS STANDARD | CHILD
mmm | (tastes- ['mm:] | [[mm:] |mmm | (tastes- [mm:] | ['mm:]
good sound) good sound)
nam (tastes- ['nam] | [‘am:)/ | nej ‘no’ ['naj?] ['na’]
good sound) ['nam]
Jja ‘yes’ ['ja] [ja] | muh ’moo’ ['mu:] ['wuu]
op ‘up’ ['ab] [‘ab] vov | ‘woof/bow- | ['vaw] [‘aw]
wow’
nej ‘no’ ['nqj?] ['na:;j*] | mam | (child form | ['mam] ['ma]
for ‘food’)
det | ‘this/that’ ['de] ['de] op ‘up’ ['ab] ['ab]
der ‘there’ ['dece] ['dech] | ah (tastes- |[‘&)/['a]| [‘ah)
good sound) ['@a]
melk ‘milk’ ['mel’g] | ['me] | uhm (tastes- ['om] ['om:]
good sound)
se ‘look’ ['se:”] ['se:e:] | nam (tastes- ['nam] ['nam]
good sound)
mam | (child form | ['mam] | [‘ma]/ | mealk ‘milk’ ['mel’g] ['m:e]
for ‘food”) [ma:m]
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[alizp:es ] [a,G3ps"Pres ] spezyoad, | uoSuaeisyns [Gvprva ] [Gvyr'veea ] Jopids, doy.coppa
[sery,, 1 [sei3 ] sse[s, sp18 [uny ] [uny ] 2Us, uny
[Pedo,y ] [Oeu(e)Fop ] | woymmy oy, | roudyyoy [-,ueq'1:03 ] [uc,ueds’epsds | | ueo oSeqaeS/uiq, | uapundsapip.ys
[-.Gouoy ] [ue(,)ougor ] oo a1y, uaSurupa) [pn,d ] [apn,d ] and, adpnd

[Pus ] [apusy ] 079j, L23udy [s,:1a ®] [s,14 ®] Jodedsmeu, s1aD
[24 ] [u;:0q ] Sey, uaq [mr ] [am1y ] Jmd, £2a1y
[g,1eA"euny ) ] [4,1eA"euny _ 1 Addnd, dpayapuny r.b:. eA] [;:au ) aa] uoym, DULOQY
Sguruow
[ua:aur 035] [ua:auwr 03] poos, uaS.iowpos (3151, (s3] AINoSIq, sy1y
[u,:As 'udcenA ] [u,:As 'udee(y ] UOISTAD[9Y, uksu.alf [1eq ] [ues, ey ] Jeoays, uasypy
[a, sy, ] [a,0243 ] Ao, LopaLs [Saa.0:@p ] [83A 10:Ps | 1S, yeasipngs
amHy AUVANVLS SSOTD) @O aHy) @IVANVIS SSOH) O
VHVS ATEONT
‘uorjerounuoid s pryd oY) pue uorpenunuoid JNpe plepue)s SUIPN[OUL SPIOM-) S BIBS PUB PLISU] *C d[qEBL
[mcq ] [mcq ] Jjooq, Soq [;;aw au ] [dowr’ aur ] Joyjowpue.s, Jouilous
[odo ] [an ] Jorem, an [Bep ] [pus, ] pus, mys
[:a3c3 ] [ade3s ] Jsnd, 129qnys [anp /o3 ] [ans ] Ldurnas, ans
[mv ]/[amv ] [a,mv ] 910, 1200 [umia,] [psc ] seeyp, 750
[y ] [e(D:2yy, ] oyeo, 25Dy [m3 (03 ] (03 (o3 ] (8uIms, J0J WLIOJ PIIYD) | SunSSuls
[3P,1/[oP ] [Bas ] and, j288 [cu] [Ge:cu ] QUIOS, 1a50u
[1ea ] [ouea ] Joyem, puna [s14 ] [esgs ] Jee, as1ds
[ov4 ] [B.1vq ] 1req, P109 [om :0] [0s ny] Jqexny, DLINY
[o,4P, ] [S1ps, puwA3] sonseuwds, | yysouwds [0f3:5 ] [agaap ] SuLIp, L2141
fasia3 ] [as,1ds ] Jes, aas1ds [e0:e19 ] [,0914 ] 3Jos, p219
aH) QUVANVLS SSOTE) QIOM aH) QIVANVIS SSOT) QOM

vavs

e

‘uorjeounuo.ld s pIIyd oy} pue uoremnunuold jnpe prepue)s SUIpnoul SpIom-g seleg pue pLSu] ‘§ a[qel,
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6. Results

6.1. Segments per target word

We now present some quantitative results from comparing Ingrid
and Sara’s A-, B- and C-words. First, we have counted the number of
segments per target word (A-, B- and C-words separately as well as
collapsed) in Ingrid and Sara’s target words. The results are shown in
Table 6. The last column summarizes the measure for all target words
taken together.

Table 6. Number of segments!® per target word (10 A-words, 10 B-words and 10
C-words). Standard pronunciation (I) indicates the standard pronunciation of
Ingrid’s target words and similarly for Sara: (S).

A-WORDS B-worDps C-WORDS SEGMENTS PER
TARGET WORD
(AVERAGE A+B+C)

Ingrid (I) 2.5 3.7 3.9 3.4
Standard 2.6 4.2 5.5 4.1
pronunciation (I)
Sara (S) 2.2 3.3 5.3 3.6
Standard 2.5 4.1 6.3 4.3
pronunciation (S)
Children (I+S) 2.4 3.5 4.6 3.5
Standard 2.6 4.2 5.9 4.2
pronunciation (I+S)

BT
s Ingrid
(=4
£
w4 Standard pronunciation {1}
s
] 37 ®Sara
£
=
z25

B Standard pronunciation
(5)
14
0

A-words B-words C-words

Figure 4. Number of segments per target word (10 A-words, 10 B-words and 10
C-words).
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The results of Table 6 are depicted in Figure 4.

The two twin sisters exhibit a different developmental pattern
with respect to the measure ‘segments per target word’: for both sis-
ters, the A-words are simpler than the B- and C-words; but for Ingrid,
there is only a small difference between B- and C-words, whereas for
Sara, C-words are clearly longer than B-words. The same difference is
seen in the standard pronunciation of the target words. Furthermore,
we see that Ingrid and Sara’s pronunciation of the B- and C-words
have fewer segments, i.e. they are shorter, than in the standard pro-
nunciation. We also see a phonetic reduction in child speech when we
compare it with the standard pronunciation.

6.2. Syllables per target word

Another possibility, still rather simple but perhaps more interest-
ing in the present perspective, is to count length in terms of syllables
rather than segments. The results of this analysis are shown in Table 7.

Table 7. Number of syllables!* per target word (10 A-words, 10 B-words and 10
C-words). Standard pronunciation (I) indicates the standard pronunciation of
Ingrid’s target words and similarly for Sara: (S).

A-worDps | B-wORDS C-WORDS SYLLABLES PER
TARGET WORD
(AVERAGE A+B+C)

Ingrid (I) 1.2 1.6 1.7 1.5
Standard 1.0 1.6 2.2 1.6
pronunciation (I)

Sara (S) 1.3 15 2.1 1.6
Standard 1.0 1.6 2.3 1.6
pronunciation (S)

Children (I+S) 1.3 1.6 1.9 1.6
Standard 1.0 1.6 2.3 1.6
pronunciation (I+S)
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The results of Table 7 are depicted in Figure 5.

25

3
Ingrid

15 7 1 | B Standard pronunciation (1)
1 H 5ara
B Standard pronunciation
05 T : - (s)
0 H - + -

A-words B-words C-words

Number of syllables

Figure 5. Number of syllables per target word (10 A-words, 10 B-words and 10
C-words).

The two twin sisters exhibit a different developmental pattern with
respect to the measure ‘syllables per target word’, but the pattern is not
the same as that found for segments (in Figure 4). For Ingrid, there is a
rather small developmental evolution with respect to the number of syl-
lables: B- and C-words are roughly at the same level (with a very slight
increase). For Sara, by contrast, there is a big increase in length with
respect to number of syllables per target word, from B-words to C-words.
As for the pronunciation of the target words, we see a progressive
increase for the two girls — Sara with a little higher amount of segments,
syllables, sonority types and sonority rises than Ingrid.

The children mainly produce monosyllabic words in the begin-
ning but as they reach the age of 29 months they generally produce
disyllabic words. These results are interesting since studies have
shown that disyllables dominate the early lexicon of children acquir-
ing most of the other languages in which early word phonology has
been investigated (Estonian, Finnish, French, Greek, Hebrew, Hindi,
Italian, Japanese, Spanish, Welsh). The Germanic languages, though,
generally seem to constitute exceptions, as monosyllables appear to
be the most common early words in Dutch (e.g. Elbers & Ton 1985)
and German (Leopold 1939; Elsen 1996) as well as English; for
Swedish data show that mono- and disyllabic early word forms are in
close balance (cf. Vihman & Croft 2013: 20).
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A typical example of Ingrid’s A-words is the monosyllabic word ja
‘yes’ ['ja] and a typical example of her C-words is the four syllable word
skraldespanden ‘the garbage can’ which she reduces to a three syllable
word ['ga:l, ban’-]. Generally, the children reduce more syllables in the
C-words than in both the A- and B-words which is not surprising since
there are more syllables to be reduced in C-words. According to the
literature, children acquiring Germanic languages often omit weak or
unstressed syllables in initial or final position in their early produc-
tions (e.g. Smith 1973). However, the fact that the A-words are very
important for the communication since they always carry the whole
meaning of the utterance (one word sentences), whereas the C-words
are usually part of a longer utterance, and thus relatively less impor-
tant, could also play a role.

6.3. Different sonority types per target word

The measures in sections 6.1 and 6.2 have given some indica-
tion of complexity in the trivial sense of length (measured in terms
of number of segments and syllables). However, because of the par-
ticular character of Danish as having a monotonous sonority envelope
and long vocoidal stretches, this measure needs to be complemented
by a measure focusing upon the sonority envelope, i.e. sonority ups
and downs. We propose two such measures here, viz. sonority types
(in the present section) and sonority rises (in section 6.4; see also
Table 2 above for preliminary information). Sonority types and sonor-
ity rises are both measures of complexity with respect to sonority, not
just measures of length. Both are derived from the Sonority Syllable
Model. It follows from this model that there are exactly five sonor-
ity types in the sense of major classes having different positions on a
sonority hierarchy, neither more nor less: vocoids, sonorant contoids,
voiced obstruents, voiceless obstruents with non-spread glottis, and,
finally, obstruents with spread glottis.

We have counted the number of different sonority types per tar-
get word in Ingrid and Sara’s target words. The results are shown in
Table 8.
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Table 8. Number of different sonority types'® per target word (10 A-words, 10
B-words and 10 C-words). Standard pronunciation (I) indicates the standard pro-
nunciation of Ingrid’s target words and similarly for Sara: (S).

A-worps | B-worps | C-WORDS | SONORITY TYPES
PER TARGET WORD
(AvERAGE A+B+C)
Ingrid (I) 1.9 2.3 2.5 2.2
Standard pronunciation (I) 1.9 2.9 3.2 2.7
Sara (S) 1.7 2.3 3.2 2.4
Standard pronunciation (S) 1.9 2.6 3.5 2.7
Children (I+ S) 1.8 2.3 2.9 2.3
Standard pronunciation (I+S) 2.2 2.8 3.4 2.7
Children (I+ S) 0.1 0.0 -0.35 -0.08
Standard pronunciation (I-S) 0.0 0.15 —0.15 0.0

Ingrid and Sara grew up in the same environment, and we there-
fore consider the study of their differences and similarities particu-
larly interesting. In order to highlight similarities and dissimilarities,
besides individual scores, we have also considered the average scores
for their pronunciation (I + S), as well as the difference between their
pronunciation and the corresponding standard pronunciation of the
two girls (I — S); the largest difference is found for the C-words, where
Sara represents the highest number of sonority types whereas Ingrid
leads for the A- and B-words, but with a much smaller margin.

The results from Table 8 are depicted in Figure 6.

4
35
Q 3 Ingrid
Z
'g- Standard pronunciation (1)
2 2
B
e 1 3 W sara
"E 15
= P
£ 1 T - B Standard pronunciation
(s)
0,5
0

A-words B-words C-words

Figure 6. Number of different sonority types per target word (10 A-words, 10 B-words
and 10 C-words).
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Again we see that the two twin sisters exhibit a slightly differ-
ent developmental pattern with respect to the measure ‘different
sonority types per target word’: for both sisters, the A-words have less
sonority types than the B-words which again have less sonority types
than the C-words. This measure of sonority thus presents a stronger
developmental evolution than the previous measures (number of seg-
ments, and of syllables, per target word). There is a small difference
between the two twin sisters, however, inasmuch as the increase from
B-words to C-words is visibly larger for Sara than for Ingrid. This is
perhaps a reflection of the same pattern as in the previous section: at
the last stage, Sara produces a few longer words than Ingrid, and this
gives her the opportunity to use more different sonority types and (as
we shall see in the next section) sonority rises. Since we only analyze
ten words per child, we cannot expect this difference between the two
sisters’ target C-words to be representative of more general differ-
ences, nor can the difference be considered representative of general
patterns in Danish children given the limited number of informants.
We can be a little more confident in the difference found between age
stages because both children exhibit the same development.

6.4. Sonority rises per target word

To obtain a more revealing measure for the diversity in the
sonority envelope than the mere number of different sonority types
per word (as in section 6.3), we have calculated the number of sonor-
ity rises per target word (cf. Table 2) for Ingrid and Sara. The results
are shown in Table 9.
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Table 9. Number of sonority rises!® per target word (10 A-words, 10 B-words and
10 C-words). Standard pronunciation (I) indicates the standard pronunciation of
Ingrid’s target words and similarly for Sara: (S).

A-WORDS B-woRrDS C-WORDS SONORITY RISES
PER TARGET WORD
(AVERAGE A+B+C)
Ingrid (I) 0.7 1.2 1.2 1.0
Standard 0.7 1.8 1.9 1.5
pronunciation (I)
Sara (S) 0.3 1.2 1.8 1.1
Standard 0.6 1.3 2.4 14
pronunciation (S)
Children (I+ S) 0.5 1.2 1.5 1.1
Standard 0.7 1.6 2.2 1.5
pronunciation (I+S)
Children (I+ S) 0.2 0.0 -0.3 -0.03
Standard 0.05 0.25 -0.25 0.02
pronunciation (I-S)

The results of Table 9 are depicted in Figure 7.

The two twin sisters exhibit a slightly different developmental
pattern with respect to the measure ‘sonority rises per target word’
(Figure 7): for both sisters, the A-words have less sonority rises than
the B-words which again have less sonority rises than the C-words.
Examples for Sara are: A-word melk ‘milk’ ['m:e] (standard pronun-

Ingrid

Standard pronunciation (l)

W Sara

Number of sonority rises

B Standard pronunciation
(s)

A-words B-words C-words

Figura 7. Number of sonority rises per target word (10 A-words, 10 B-words and 10
C-words).
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ciation ['mel® g]); B-word spiser ‘eat’ [' grise] (standard pronunciation
['sbi:’se]); and C-word hundehvalp ‘puppy’ ['huns val’b] (standard
pronunciation [‘huns val’b]) — all three words represent Sara’s
maximum in sonority rise among the target words at the three dif-
ferent stages. This measure of sonority thus presents a stronger
developmental evolution than the first two measures (number of seg-
ments, and of syllables, per target word). There is a small difference
between the two twin sisters, however, inasmuch as the developmen-
tal increase in this measure (sonority rises per target word) is larger
(i.e. the ‘curve’ would be steeper) for Sara than for Ingrid. As for the
standard pronunciation of the target words (Table 3-5), the difference
in word length, number of segments, syllables, (different) sonority
types and sonority rises is already present in regard to which words
the children try to pronounce — even though we are not sure how dis-
tinctly they are pronounced by the parents.

7. Discussion and further perspectives

Earlier studies indicate that Danish children are late in their
early language acquisition (e.g. lexicon and past tense inflection) com-
pared to children acquiring other languages, but already at the age of
3 years Danish children seem to catch up with other children (Bleses
et al. 2008). This could be an indication that the indistinct Danish
sound structure is a challenge in the very early language acquisition,
i.e. at the stage where the children are to acquire (identify, segment
etc.) the speech sounds of the specific language. The Danish sound
structure may be a challenge in relation to the acquisition of speech
sounds of the Danish language, i.e. already at the early stage where
the children are acquiring monosyllables. This is due, we claim, to
two (still active) weakening processes which have conspired to make
Danish phonetic structure opaque, viz. final obstruent weakening and
schwa reduction. As a consequence, it is not always possible to locate
the appropriate syllable boundaries within one smoothly developing
sonority slope or even to determine the correct number of syllables.
This furthermore contributes to the opacity of morpheme boundaries
in Danish, much more so than in its closest relative, Swedish. Since
clear syllable structure, and the rhythm of sonority rises and falls it
imposes on speech, provide children with privileged units for analysis
(Oller 2000), Danish L1 acquisition can give us an idea how lexical
development proceeds in languages offering less rich cues to syllable
structure.
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As for children’s selection of target words from their ambient
language, what we have found is a constant rise from A-words to
B-words to C-words for all four measures: The target A-words contain
less segments, syllables, (different) sonority types and sonority rises
than the target B-words, and these again contain less segments, syl-
lables, (different) sonority types and sonority rises than the target
C-words. Turning to children’s actual pronunciations of target words,
they generally contain fewer segments, syllables, sonority types and
sonority rises than the standard pronunciation of the words, but the
sonority measures for actual pronunciations follow the same expan-
sion over the twenty months as seen in the selection of target words.

As for the question whether Danish children avoid target words
with vague syllable structure in the ambient language, we can say that
for the middle and final words in this study (B- and C-words), there is
no general avoidance, the children for example selecting noget ‘some-
thing’ (standard pronunciation ['ns:09]) and over ‘over’ (standard pro-
nunciation ['aw?e]). If we look at the two children’s first words (A-words),
however, these are characterized by the absence of words with unclear
transition between syllables — because they are all monosyllables. This
could be interpreted in different ways: either the children specifically
avoid words with unclear syllable structure at this earliest stage of lexi-
cal acquisition, or the children in general simply prefer (stressed) mono-
syllables. In the latter case, according to our sonority measures proposed
in this paper, there would not be a clear systematic difference between
Danish and Swedish monosyllables. If we include the number of sonority
falls (in addition to sonority rises), however, monosyllables in Swedish
would be more complex than in Danish with respect to the sonority enve-
lope (compare e.g. Danish mad, ending in a vocoid, and its Swedish cog-
nate mat, ending in a plosive).

The Danish and Swedish data are not directly comparable (partly
due to morphological differences), though, and future studies compar-
ing early lexical acquisition in these two sister languages with more
equivalent data sets would be useful for illuminating the influence of
sonority characteristics of ambient language on children’s first words.
Similarly, it would be interesting to compare vocabulary development
in Danish with the vocabulary development found in unrelated lan-
guages with equal sonority characteristics to assess whether the pat-
terns of lexical selection we find in Danish acquisition are typical of
languages with a relatively monotonous sonority envelope or not.

Our conclusions on the development of early Danish vocabulary
should be read cautiously for at least two reasons. First of all, we ana-
lyzed data from only two children, a pair of twins. This means that we

78



Sonority and early words

cannot know how representative the patterns found are of early Danish
vocabulary development in general, and the analysis should certainly
be broadened in future studies. As a first step, we have begun analysis
on a second pair of twins of the same age group, and the preliminary
results suggest a replication of our findings here. Secondly, it is worth
remembering that what we present as target pronunciations here are
standard pronunciations as given in Danish dictionaries as norms for
distinct pronunciation. As yet, we cannot be sure that children have
actually encountered these distinct pronunciations in their input; in
principle, what we present as children’s reductions compared to input
forms could in fact be full forms compared to what they actually hear.
However, we have also transcribed all parents’ actual phonetic realiza-
tions of all A-, B- and C-words; as a consequence, in new analyses we
will be able to use those (the most distinct and/or the most frequent
forms) as bases of comparison for child pronunciations. For the cases
we have already checked, there is no doubt that children do reduce
compared to input form, for example Ingrid’s B-word [' bis] (spise, ‘eat’),
which corresponds to ['s bi:s] in her parental input.

It would be interesting to study further whether the indistinct
Danish sound structure has more effect on the acquisition rate than on
the children’s selection of words. And to conclude, the measures of com-
plexity with respect to sonority presented in this paper — based upon a
general and non-circular model of sonority which defines exactly five
sonority types — should be applied to other languages with different
(genetic and) typological characteristics, as a potential contribution to a
typology of sonority changes with respect to L1 acquisition.
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Notes

1 Section 2 is based upon Basbgll (2012), section 3.

2 Such as /l/ in the second syllable of English little, or in the only syllable of
Czech vlk ‘wolf’.

3 Semi-vowels or glides, such as the first segment in the French monosyllable
oui ‘yes’. It is a vowel, phonetically, despite its function as non-peak.

4 Sonorants are defined acoustically (following Ladefoged 1971: 58: “a compara-
tively large amount of acoustic energy within a clearly defined formant structure”;
Ladefoged 1971: 93: “greater acoustic energy in the formants”).

5 This follows from the definition used here combined with the phonetic (articu-
latory and acoustic) fact that in order to get great acoustic energy in the formants,
the vocal chords must vibrate.

6 It was demonstrated by Frgkjeer-Jensen et al. (1971) that in Danish, the aspi-
rated plosives [p" t° k"] have spread glottis, like the voiceless fricatives (e.g. [s f),
whereas the unaspirated plosives [b d g are voiceless but do not have (widely)
spread glottis.

7 When the Sonority Syllable Model is applied to a specific language, some of
its circles are typically non-active, i.e. they do not predict any specific ordering
of segments in that language. This is no violation of the logic of the model: in an
implication chain where ‘A implies B implies C’ it is, by logical necessity, also the
case that ‘A implies C’ — this corresponds to the removal of a circle in the model.
Furthermore, different circles can be non-active in either margin of the syllable.

8 The Sonority Syllable Model also predicts that marginal segments in abso-
lute initial and final position have [spread glottis], for example st¢-, ¢s-; -st, -ts.
This accounts for apparent violations of the sonority hierarchy and is testable by
observing the glottis (Basbgll & Lambertsen 2014).

9  Danish /b d g/ are realized as voiceless, /p k/ as aspirated, and /t/ as affricated.
Vowel qualities are normalized in accordance with Basbgll (2005) and Grgnnum
(2007).

10 There is no natural way to pronounce a Danish word like hdrdere ‘harder’ with
any contoids (like [k]) intervening in the vocoidal string after [h].

11 “Dano-Norwegian” in Haugen’s (1976) terminology.

2. OLAM is a coding and analyses system for Danish developed by Claus
Lambertsen, Hans Basbgll & Thomas O. Madsen.

13 The numbers in Table 6 are based on Table 3-5. Everything marked in the tran-
scription as a segment is counted as a segment (e.g. final [h] even if it could be regard-
ed as a breath). Superscript ["] does not count as a segment, and the same goes for

length, stress and stgd as well as nasalization; identical segments (as in [ ' m:m:]) are
each counted as a segment. The standard forms are very distinct (e.g. skraldespanden

‘bin’ without schwa-assimilation). In for example kage ‘cake’ [ kze:(j)a] “[(§)]” counts as
a half a segment. Where there are two alternative forms, we count the mean.
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14 The numbers in Table 7 are based on Table 3-5. For instance [ m:m:] counts as

one syllable because there is only one stress and [m] is not an inherently syllabic
segment. ['se:e:] is counted as two syllables due the two e’s (because they are syl-
labic per definition), and a sequence [ez] or the like is counted as two syllables. If
syllabicity (by schwa-assimilation) is marked by “[-]”, it counts as a syllable.

15 The numbers in Table 8 are based on Table 3-5. Here we count the number of
different sonority types in the single word. Stgd is a prosodic feature and therefore
not taken into account here. The transcriptions are followed closely, i.e. a final stop
which is transcribed as unaspirated and one which is transcribed as affricated or
aspirated, are counted differently. The consonantal [k] is counted as a voiced frica-
tive. Nasals and [l] belong to the same sonority type and vocoids include vowels
[0], [w] etc.

16 The numbers in Table 9 are based on Table 3-5. We count one segment at a
time, divided into sonority types. For example blgd ‘soft’ [' blgd’]: from [b] to [1] is
one sonority rise, from [l] to [¢] likewise. The remaining segments are vocoids and

the total number for blgd is therefore 2.
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Phonotactic processing and morpheme boundaries: word-
final /Cst/ clusters in German

Chiara Celata, Katharina Korecky-Kroll, Irene Ricci & Wolfgang U.
Dressler

Two experiments showed that, when processing consonant clusters of
their native language, the speakers are sensitive to the presence of a mor-
phemic boundary at some point of the cluster. In the first experiment, words
with tri-consonantal final cluster had to be produced by inserting an /i/ in the
cluster; the clusters containing a morpheme boundary were more frequently
split according to the position of the boundary while the corresponding clusters
included in a mono-morphemic word were split according to different options.
In the second experiment, the subjects had to detect tri-consonantal clusters
while a series of German words was auditorily presented; clusters included in
monomorphemic words were easier to detect than homophonous clusters which
spanned a morpheme boundary. The impact of morphonotactics on cluster
processing was stronger on adolescents than on adults in Experiment 1. The
results thus indicated that in offline and online processing of phonotactic struc-
tures, morphological information can be available and impact on the recogni-
tion and manipulation of clusters.

1. Introduction

Language-specific phonotactic patterns are known to affect mul-
tiple aspects of language processing, from segmentation of the speech
stream (e.g. Saffran et al. 1996) to word learning (e.g. Storkel 2001),
from phonological acquisition (e.g. Freedman & Barlow 2012) to mor-
phological decomposition (e.g. Hay 2003). Phonotactics is exploited
to locate word boundaries (e.g. McQueen 1998), but the speakers are
also sensitive to differences between inter- and intra-word phonotac-
tics (Mattys et al. 1999, Hay 2003). For example, words like inhumane
in English are more likely to be decomposed than words like insin-
cere, because the /nh/ transition across the morpheme boundary is not
found word-internally in that language, while the /ns/ transition is
well attested (e.g. fancy, tinsel) (Hay 2003: 16). Phonotactics is there-
fore also exploited to locate morpheme boundaries.

The phonotactics of morpheme concatenation is referred to
as morphonotactics by Dressler & Dziubalska-Kotaczyk (2006),
Dressler et al. (2010). Some studies observed that sequences occur-
ring only or by default across a morpheme boundary (thus being
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prototypical morphonotactic sequences) are acquired earlier and
faster than lexical (or purely phonotactic) clusters by typically
developing children in Lithuanian (Kamandulyte 2006) and Polish
(Zydorowicz 2010); English children with grammatical-specific
SLI perform better in regular past tense verbs when verbs contain
clusters that are intra-morphemically legal than when they con-
tain clusters that are only cross-morphemically legal (Marshall &
van der Lely 2006). Consequently, it is claimed that morphology
helps phonological acquisition: due to the interplay of phonotactics
with morphotactics, morphonotactic sequences facilitate morpho-
logical and lexical acquisition. A facilitatory effect of morphologi-
cal boundaries on phonological acquisition is attested in the recent
literature also for word-final consonants in English: word-final
sibilant fricatives are longer in plurals (such as toes) compared to
monomorphemic words (such as nose) in adult speech, and children
from 2 years of age onwards appear to be able to exploit such cues
in fricative acquisition and to correctly reproduce the adult speech
pattern (Song et al. 2013; see also Plag et al. 2015 for further evi-
dence of morpho-phonetic effects in the realization of morphemic
and non-morphemic word-final /s/ in a conversational English cor-
pus). However, Freiberger (2014) investigated the early spontaneous
speech data of three children acquiring Austrian German and did
not find an advantage of morphonotactic over phonotactic clusters.
Likewise, Korecky-Kroll & Dressler (submitted) investigated 3-year
old children’s spontaneous production of German consonant clusters
and found no difference between morphonotactic and phonotactic
clusters (although with different results according to the children’s
socio-economic status). Results on acquisition are thus less clear for
German than for the other languages investigated.

Moreover, according to the Strong Morphonotactic Hypothesis,
phonotactics is assumed to help morphological decomposition in
adult processing too: if a certain sequence occurs only or by default
over a morpheme boundary, it should be processed faster and
more accurately than a comparable ordinary phonotactic sequence
(Korecky-Kroll et al. 2014). In an experiment on German, visual
targets corresponding to one phoneme (i.e., /t/) or two-phoneme
sequences (i.e., /st/, /an/) were detected faster when separated from
the word stem by a morphological boundary (e.g. lobst ‘you praise’,
2r go present (lob+st); bravste ‘bravest’, superlative (brav+ste))
than when they were part of the word stem (e.g. Obst ‘fruit’; Biirste
‘brush’). This result was interpreted as a supportive effect of mor-
phology on the speed with which individual phonemes or two-pho-
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neme phonotactic sequences are processed.

If, however, morphology impacts the processing of clusters, then
its effects should be visible also in the case of those sequences that
straddle a morphological boundary. In particular, we may expect dif-
ferent processing for pairs of homophonous phonotactic sequences
that may or may not occur across a morpheme boundary in the
lexicon. These are called non-exclusively morphonotactic sequences
in Dressler & Dziubalska-Kotaczyk (2006). For example, word-final
/nst/ in German may appear in monomorphemic words (e.g. Wanst,
‘paunch’) as well as in the concatenation of the 2" sg. verbal mor-
pheme in /n/-final roots (e.g. kannst, ‘(you) can’). In this paper, clusters
such as /nst/ in Wanst will be referred to as phonotactic clusters and
clusters such as /nst/ in kannst as morphonotactic clusters.

Non-exclusively morphonotactic clusters can be preferentially
phonotactic or morphonotactic, according to a gradual scale of prefer-
ences. The preference of a cluster to appear as phonotactic or morpho-
notactic in a language may be measured in terms of number of items
in the lexicon (word types) or of the cumulated frequency of all lexical
items in a corpus (number of tokens).

In a computational study of German (mor)phonotactic clusters
(Calderone et al. 2014), a corpus-based model of neural network
activation trained on a German corpus was used to ascertain if
word-final German morphonotactic clusters produced a different
representation from their purely phonotactic counterparts. The com-
putational model, called PHACTS (Calderone & Celata 2012, Celata
et al. 2011), simulated the formation of phonotactic knowledge in the
mind of a German speaker who was exposed to a stream of phono-
logical words by gradually developing a knowledge representation of
the statistical regularities that shape the phonotactics of that lan-
guage. Starting from the statistical knowledge that were deducible
from the German CELEX database (Baayen et al. 1995), the model
generated activation-based representations of full lexical forms
and, crucially for our purposes, of the clusters included in those spe-
cific lexical forms. Experimental clusters were the non-exclusively
morphonotactic sequence /nst/ and the exclusively morphonotactic
sequences /mst/ and /xst/. The results showed that within-group
variability in the activation value for the /nst/ clusters turned out
to be significantly higher than for both /mst/ and /xst/ clusters. The
results were interpreted as evidence in support of different pho-
notactic representations for the morphonotactic compared to the
phonotactic /nst/ clusters. Additionally, the study suggested that the
representation of morphonotactic clusters could emerge from corpus
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information about the phonotactics of the language (including the
co-occurrence of the clusters with specific vowels and consonant-
vowel sequences, the relative frequency of vowel-consonant chunks
and of phonological neighbors).

Do the speakers implicitly exploit such “proliferation of repre-
sentations and extensive cross-activation” (Libben 2010: 12) when
processing the consonantal clusters of mono- and bimorphemic words?

The present study aims at answering this question by test-
ing the German speakers’ productive and perceptive reactions to
tri-consonantal clusters with different (mor)phonotactic status. It
therefore represents a psycholinguistic continuation of Calderone
et al.’s (2014) study, from which it takes direct inspiration for the
selection of the experimental materials. At the same time, this study
is a continuation of Korecky-Kroll et al.’s (2014) study, inasmuch as
behavioral data are measured for the processing of morphonotactic
sequences that are larger than the morpheme, and specifically, for
tri-consonantal clusters in which C1 is part of the lexical root and
C2C3 coincide with an inflectional morpheme. In this study, we run
two distinct experiments: a ‘split cluster’ game test, and a sequence
monitoring task. The two experiments were aimed at evaluating the
speakers’ reactions to the presence vs. absence of a morphological
boundary during the phonological processing of the clusters. Given
that the phonotactic and morphonotactic clusters that were com-
pared in the experiments were homophonous (i.e., they were com-
posed of the same segments in the same relative order), we postulat-
ed that any difference in subjects’ reactions had to be traced back to
different phonological representations for homophonous phonotactic
and morphonotactic sequences.

Concerning the developmental issue of whether and to what
extent morphonotactic knowledge help in morphological and phono-
logical acquisition, this study tests the existence of age-related effects
in processing. To that aim, we opted for testing two different groups of
subjects, one of adults and another of adolescent speakers. Given the
intrinsic difficulty of the selected experimental procedures, it proved
impossible to include children in the design. The hypothesis was that,
if homophonous phonotactic and morphonotactic clusters are differ-
ently processed, then this difference should be more visible in the pro-
duction and perception of adolescents, who are still in the process of
increasing the size and complexity of their lexicon and grammar, than
in the adults’ response.
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2. Experiment 1: ‘Split cluster’ test

Experiment 1 was aimed at testing whether native speakers of
German are sensitive to the presence of a morphological boundary
within a bimorphemic cluster, when asked to produce a phonologically
modified version of it. The experiment was conceived of as a language
game in which the participants had to split the consonant clusters of
monosyllabic words by inserting an /i/ vowel between the consonants
of the cluster. In 80% of the cases, these were bi-consonantal clusters
and the subjects had to insert the vowel between the first and the sec-
ond consonant. In the remaining 20%, however, the items contained
tri-consonantal /Cst/ clusters and the subjects had to decide whether
inserting the vowel either between the C and the /s/ or between the
/s/ or the /t/. For example, for a word such as Wulst ‘bulge’, the par-
ticipants could either produce /vulist/ or /vulsit/. The experimental
words included both words ending in a phonotactic cluster, such as
Wulst, and words ending in a morphonotactic cluster (with /st/ as the
second morpheme of the word, e.g. lobst ‘you praise’). Our prediction
was that for morphonotactic clusters the /Cist/ response was more
frequent and/or easy than for the phonotactic ones. The reason of
such expectation is that splitting the /Cst/ word-final cluster as /Cist/
corresponds to segmenting the original word into its morphological
constituents (root + morphological ending; e.g. lob-st > lob-i-st), which
is not the case for words containing a phonotactic cluster (where no
morphological boundary is found).

2.1. Participants

Two groups of native Austrian German speakers participated in
the study. The first was a group of 38 adults (age 29-52, 20 females, 18
males). The second group was composed of 26 adolescents (age 11-15,
17 girls, 9 boys) attending a high school (AHS) in Vienna. None of
them reported any speech or hearing disability.

2.2. Materials

The experimental items were 14 German monosyllabic words
ending in a /Cst/ cluster (in one case a /CCst/ cluster). Half of them
contained a phonotactic cluster and the other half a morphonotactic
one. Eight items ended in /nst/, two in /pst/, two in /lst/ and two in /
pkst/ (an Austrian variant of /yst/). The items are listed in Table 1. The
two classes (phonotactic vs. morphonotactic clusters) were balanced for
average word frequency (calculated as the number of occurrences in the
500-million-word Leipzig Deutscher Wortschatz Online database).
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Table 1. German monosyllabic stimuli used as experimental items in Experiment
1. Verbal forms correspond to 2" sg present.

PHONOTACTIC ITEMS MORPHONOTACTIC ITEMS

CLUSTER TYPE FREQUENCY FREQUENCY
/nst/ Dunst ‘mist’ 386 kennst  ‘know’ 102

Wanst  ‘paunch’ 5 kannst ‘can’ 1661

Kunst ‘art’ 6325 meinst  ‘mean’ 102

Gunst ‘goodwill’ 1388 nennst ‘call’ 21
/pst/ Obst ‘fruits’ 869 lobst ‘praise’ 94
Nst/ Wulst  ‘bulge’ 20 weilst ‘stay’ 45
/ykst/ Angst ‘fear’ 17370 ldngst ‘long ago’ 19756
average 3766 3112

Fifty-six monosyllabic German words containing a bi-consonantal cluster
served as fillers. Ten were /ns/-, /ps/- and /ls/-ending words (called ‘CS fillers’);
6 of them were monomorphemic, while 4 contained a morphonotactic cluster.
An additional group of 10 /st/-ending words (‘ST fillers’) also included 6 mono-
morphemic and 4 morphonotactic clusters. Another 10 words ended in a variety
of bi-consonantal clusters (/Id, rf, nts, rx, rb, nt, rf, mp/; these were called ‘CC
fillers’). Finally, 26 words with a bi-consonantal cluster in initial position were
included (‘w_initial fillers’).

Two experimental lists were created by pseudo-randomizing the 70 total
items (14 experimental items and 56 fillers). The randomization was controlled
in order to avoid the occurrence of a CS or ST filler before an experimental
item; two consecutive experimental items were also banned. The participants
were assigned one of the two lists in equal proportion.

Ten additional monosyllabic words ending (N = 6) or beginning (N = 4)
with a biconsonantal cluster (word-final /st If Im xs/ and word-initial /kr dr sl
sn/) served for the training session.

2.3. Procedure

Experiment 1 was an offline test implemented with Presentation® on a
Windows PC. The participants were requested to take part in a language game.
They had to assume that, in a Martian language very similar to German, any
word can be modified by inserting a /i/ vowel between the consonants of a
cluster, to create diminutive and attenuative forms (e.g. Hund ‘dog’ — /’hunit/
‘small dog’ or fragen ‘to ask’ — /fi’ra:gen/ ‘to ask a few questions’). They were
then presented with one of the two experimental lists and asked to insert /i/ as
fast as possible whenever they found a C cluster in the word stimulus.

The stimuli were presented one at a time. Each trial began with a fixation
stimulus (¥**%%*) of 500 ms, after which the word stimulus was presented, both
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visually (capitalized, in the center of the screen) and orally (on headphones).
The duration of the visual stimulus was equivalent to the duration of the oral
stimulus; each individual stimulus had a different duration, which could vary
between 531 and 617 ms. The subjects were instructed to repeat the word with
an /i/ between the two consonants of the cluster as soon as they could (although
any response given within 3500 ms from the offset of the stimulus was taken
as valid and the reaction times were not measured). They were not told that the
experiment included a minority of tri-consonantal clusters.

Before the experiment, a training session consisting of 10 items with bi-
consonantal clusters was presented.

2.4. Analysis

A total of 532 (adult group) and 364 (adolescent group) responses for the
experimental items was analyzed. Cross-tabulations of response type (‘IST’
response, ‘SIT’ response, missing response) by stimulus type (phonotactic, mor-
phonotactic) were realized, separately for the two age groups. The two lists did
not differ for the percentage number of missing responses, nor for the overall
distribution of the response types; the data of the two lists were therefore col-
lapsed for the purposes of the present analysis.

Two-sided Pearson’s Chi Square tests were run to evaluate the presence of
significant differences in the distribution of the response types across groups and
stimulus types.

2.5. Results

The results of the cross-tabulations are shown in Table 2. Overall, the ‘IST’
response was more frequent than the ‘SIT’ response (59% vs. 33%). The group
of adults produced a lower percentage of missing responses compared to the
adolescents (4% vs. 12%); this indicated that the task turned out to be not as
easy for the younger participants as for the older ones.

For the group of the adult participants, no significant effect of stimulus
type was found on response type (% (5, N = 532)= 1.858, p > .05). This meant
that the splitting strategy did not change significantly as a function of the type
of the cluster included in the item; the proportion of missing responses (i.e., the
failure to split the cluster) was also very similar for the phonotactic and the mor-
phonotactic items (though the former turned out to be on average slightly more
difficult to split than the latter).

By contrast, in the case of the adolescents, the test revealed the presence of
an uneven distribution of the different types of response. In particular, the pho-
notactic clusters were significantly more difficult to deal with compared to the
morphonotactic ones (17.6% vs. 7.1% of missing responses, respectively) and
less frequently split according to the ‘SIT’ response (53.3% vs. 64.3%). Such
differences were statistically significant (%> (5, N =364) =9.901,p < .01).
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No additional effect of stimulus or consonantal context (/nst pst Ist gkst/)
on the proportion of response types was found (stimulus: adults y? (20, 532)
=28.729, p >.05; adolescents %> (20, 364)= 35.310, p > .05; context: adults >
(11,532) =10.315, p >.05; adolescents %> (11, 364)= 8.288, p > .05).

Table 2. Frequency and percentage of ‘IST’, ‘SIT” and missing responses as a fun-
ction of age group and stimulus type in Experiment 1.

ApuLts ADOLESCENTS
N % N %
Phonotactic missing 14 5,3 32 17,6
IST 155 58,3 97 53,3
‘SIT 97 36,5 53 29,1
Total 266 100 182 100
Morphonotactic ~ missing 8 3 13 7,1
IST 163 61,3 117 64,3
‘SIT 95 35,7 52 28,6
Total 266 100 182 100

2.6. Discussion

Experiment 1 aimed at testing whether native speakers of
German are sensitive to the presence of a morphological boundary
within a tri-consonantal cluster when asked to disrupt the conso-
nantal sequence by inserting an /i/ vowel internally. In particular, it
was hypothesized that for those items where a morphological bound-
ary occurs between the first and the second consonant, the vowel
was inserted precisely in that position significantly more often
than for items with no internal morphological boundary. It was also
hypothesized that an age effect could emerge, with younger speakers
more sensitive to the difference between phonotactic and morpho-
notactic clusters than older speakers; to test that hypothesis, the
performance of adult native speakers was compared with that of a
group of adolescents.

The results showed that, overall, the subjects opted for the ‘IST’
response more frequently than for the ‘SIT” response for both pho-
notactic and morphonotactic items. This result can be explained by
making reference to general principles of phonotactic markedness:
all other things being equal, a sequence like /CVCist/ is phonotacti-
cally less marked than a sequence like /CVCsit/ (with a word-inter-
nal obstruent-sibilant cluster). Language-specific preferences may
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also play a role here: word-final /-ist/ is more frequent than word-
final /-sit/ in German.

A differential effect of morphological congruency in the case of
the ‘IST’ response type was expected to hold for words with morpho-
notactic clusters only. In this respect, the results pointed towards
the existence of a significant difference between the performance
of adult participants and that of the adolescents. Only the latter,
and not the former, treated morphonotactic clusters differently from
their phonotactic counterparts. This was evident in two respects:
first, morphonotactic clusters were easier to split; second, they
were comparatively more often split according to the ‘IST” option,
that is, by separating the C-final root from the /st/ inflectional end-
ing. These data can therefore be interpreted as a heavier reliance
of adolescents (compared to adults) on the morphonotactic status
of clusters, that is, items containing a morphonotactic cluster were
easier to be divided into two parts given that they are composed of
two morphemes. This is compatible with the general hypothesis that
knowledge of the morphonotactic status of clusters improves the
adolescents’ processing of the stimuli.

To sum up, Experiment 1 demonstrated that, in an offline test
requesting to produce a modified version of homophonous mono- and
bi-morphemic clusters, the youngest speakers used implicit lexical
and morphological information as a possible cue for the accomplish-
ment of the phonological production task. This suggests that mor-
pheme boundaries may indeed count as relevant information cues in
differentiating homophonous clusters, as assumed under the Strong
Morphonotactic Hypothesis (see above).

At the same time, this opens two further questions. The first
question is whether morpheme boundaries also play some role in
online, pre-lexical processing of homophonous clusters. If they do, a
second question follows, and specifically, whether they play a facili-
tatory effect (as in the case of the offline lexical production task of
Experiment 1) or an inhibitory one (as one could assume, starting
from the observation that the presence of a morpheme boundary
within a consonant sequence represents an additional information
to process and, as such, could imply an additional processing cost).

To address these issues, Experiment 2 was conceived to inves-
tigate whether the effect of morphonotactics reported for the adoles-
cents in the ‘split cluster’ test was also present in an online percep-
tual experiment focusing on pre-lexical processing.
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3. Experiment 2: Fragment monitoring

Experiment 2 involved a slightly modified version of the sequence
monitoring paradigm of Frauenfelder & Kearns (1996). This task is
mostly known in the form of syllable monitoring as it was extensively
used to investigate the role of syllables in speech processing and lexical
access (since Mehler et al. 1981). In sequence monitoring tasks, subjects
are presented with targets that are either congruent or incongruent
with a linguistic unit in the target-bearing item. They have to decide
whether the target is part of the spoken input that is presented subse-
quently. Congruent targets yield faster detection latencies, compared to
incongruent ones. In the experiment presented here, the targets were
consonant sequences such as /nst/, /pst/, /Ist/ and /kst/. Consistently with
the standard variant of the sequence monitoring task, the targets were
presented visually, and spoken carrier words had to be monitored for
the occurrence of these targets. The targets occupied the final position in
monosyllabic words or the internal position in disyllabic words. As in the
preceding experiment, the clusters were phonotactic in half of the cases,
morphonotactic in the other half (with /st/ or /sto/ as the second mor-
pheme, or second and third morphemes, of the word, in mono- and disyl-
lables respectively). Our expectation was that, if morpheme boundaries
play a role in the monitoring task, morphonotactic clusters are longer
and less accurate to detect than phonotactic clusters, because only the
former, and not the latter, are incongruent with linguistic units (in this
case, morphemes) of the target-bearing item.

3.1. Participants

As in the case of the previous experiment, two groups of Austrian
German native speakers participated in Experiment 2. The first
group was composed of 41 adults (age 25-59, 24 females, 17 males).
The second group was composed of 28 adolescents, aged 12-16, 16
girls and 12 boys, attending the same Viennese high school as those of
Experiment 1. None of them reported any speech or hearing disability.

3.2. Materials and procedure

The experimental items were 30 German words containing a
cluster of three (in a few cases, four) consonants in either word-final
or word-medial position. The clusters were /nst/, /Ist/, /pst/ and /kst/;
all were phonotactic in half of the cases, morphonotactic in the other
half. Eight words were disyllables with the cluster in internal posi-
tion; the remaining 22 words were monosyllables with the cluster in
the final position (see Table 3). The composition of the two groups
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(phonotactic vs. morphonotactic items) was balanced for as many
parameters as possible: word length (number of syllables and of pho-
nemes), position of the cluster (word-medial and word-final), type of
cluster (/n/, /1/, /p/ and /k/ followed by /st/) and average frequency, cal-
culated as number of occurrences in the Leipzig Deutscher Wortschatz
Online. However, while average frequency for the phonotactic and the
morphonotactic items was very similar for /nst/ and /pst/ items, it was
not for /lst/ and /yst/ items; in the former case, morphonotactic items
were more than twice as frequent as the phonotactic ones, while in
the latter, they were more than 10 times less. Finally, all phonotactic
clusters were immediately preceded by a short vowel, except Papst
‘pope’ and Obst ‘fruits’, where the vowel (which may be long or short
in Austrian German) was realized as long. All morphonotactic clus-
ters were immediately preceded by a short vowel, except schonst ‘you
spare’, sagst ‘you say and gibst ‘you give’ (which may have a long or
short vowel in Austrian German), where the vowel was long.

The duration of the cluster of each experimental item and the
duration of the speech portion preceding the cluster were measured.
The clusters’ average duration for phonotactic and morphonotac-
tic items was approximately the same. In the case of the preceding
segments, there was a difference of about 15 ms (with phonotactic
clusters shorter than morphonotactic ones). An independent sample
t-test with cluster duration and pre-cluster duration as dependent
variables and cluster type (phonotactic, morphonotactic) as grouping
factor showed that the two groups of items did not differ significantly
(cluster duration: t (28) = -0.173, p > .05; pre-cluster duration: t (28)
= -0.973, p > .05). However, as the data in Table 3 shows, there was
much variation according to cluster type. Particularly in the case of
pre-cluster duration, the difference between phonotactic and morpho-
notactic /nst/ items was one of 64 ms (morphonotactic items having
shorter pre-cluster durations), while for /lst/ items was of about 35 ms
(morphonotactic items having longer pre-cluster durations); also in
the case of /kst/ clusters, pre-cluster duration in morphonotactic was
on average 30 ms longer than in phonotactic items.

There is currently big debate about whether seemingly homopho-
nous segments that do, or do not, represent morphemes are phoneti-
cally identical or different. A growing amount of evidence shows indeed
that subtle durational differences may cue functional distinctions
between morphemic and non-morphemic segments, or between differ-
ent morphemes (e.g. Plag et al. 2015 for a large-scale account of word-
final /s/ in English). The variability found in our data for clusters and
for their phonological environments could in principle hide a morpho-
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phonetic effect of this kind. However, our word set is too small and does
not allow generalizations. We therefore limit our phonetic analysis to
the observations above; since between-group durational variability
could in principle affect the subjects’ response, we included cluster and
pre-cluster durations as predictors in the statistical model.

Table 3. Experimental stimuli used in Experiment 2. “CDur” = cluster duration
(in ms); “PCDur” = pre-cluster duration (in ms); “Freq” = word frequency.

PHONOTACTIC ITEMS MORPHONOTACTIC ITEMS
CLUSTER CDur PCDur FrEQ CDur PCpur FRreQ
TYPE
/nst/ sonst 353 201 12691 schonst 355 248 6
Wanst 396 177 22 kannst 415 146 29709
Kunst 413 168 31593 kennst 409 147 21628
Gunst 395 75 2715 nennst 400 177 155
Monster 352 153 983 diinnste 275 89 62
Inst/ 382 155 9601 371 161 10312
average
/pst/ Papst 271 164 16971 knipst 332 154 113
Herbst 334 263 3484 plumpst 288 220 35
Obst 330 145 6058 gibst 357 170 24740
/pst/ 312 191 8837 326 181 8296
average
Nst/ Wulst 368 207 29 willst 374 155 3768
Elster 440 73 99 hellster 441 147 4
Polster 372 119 1431  vollste 419 208 104
/lst/ 393 133 520 411 170 1292
average
/kst/ Text 344 113 17026  mixt 345 155 215
Gangster 346 178 1313 léngste 367 211 2423
Angst 308 189 5737 denkst 327 159 694
Axt 365 106 88 sagst 326 189 1069
/kst/ 341 147 6041 341 179 441
average
clusters 359 155 6683 362 171 5648
average

Seventy-five mono- and disyllabic German words served as fill-
ers. There were two experimental lists. Each list was divided into
16 trials. There were 11 ‘go’ and 5 ‘no-go’ trials. Each ‘go’ trial began
with the visual presentation of an orthographic string correspond-
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ing to the clusters of the experiment: these were NST (for /nst/ clus-
ters), LST (for /Ist/ clusters), PST and BST (for /pst/ clusters), and XT,
GST and KST (for /kst/ clusters). This target string appeared in the
middle of the computer screen, in capitals and with an appropriate
font dimension, and remained visible for 2 seconds. The stimuli were
4 to 8 words of which 1 or 2 were experimental phonotactic or mor-
phonotactic items containing the phoneme sequence indicated by the
visual string (e.g. in the case of the string LST, the items contained
the sequence /lst/). The others were fillers and did not contain those
phonemes (neither the sequence /lst/ nor the individual phonemes
NN/, Is/ or /t/). The ‘no-go’ trials were identical to the ‘go’ trials except
that they did not contain any word item matching the phonological
sequence indicated by the target string; the initial strings in the ‘no-
go’ trials were FST, BST, MS and PS. The ‘no-go’ trials were identical
in the two experimental lists. However, the ‘go’ trials were differenti-
ated across lists inasmuch as, for each target string, one list contained
only the phonotactic item as matching word, the other list contained
only the corresponding morphonotactic item. The proportion of pho-
notactic and morphonotactic items as matching words was balanced
in the two lists. Each list was therefore composed of 90 words (75
fillers and 15 experimental items) subdivided in 16 trials. Each list
appeared with two different orders of trial presentation (two ran-
domizations), resulting in a total of four final lists. Each subject was
assigned one of the four final lists.

The oral stimuli had been produced by a male native speaker of
Standard Austrian German and recorded on an Edirol 4-Channel por-
table Recorder and an AKG CK91 microphone with a sampling rate
of 44100Hz/16 bit. After the presentation of the target string, the rel-
evant oral stimuli were consecutively presented on headphones. For
each stimulus, the subjects had to press a ‘yes’ key (the green button
on a Cedrus response pad) if they thought that the word contained
the phonemes indicated by the target string or a ‘no’ key (the red
button) if they thought differently. The time lag for the response was
2000 msec. The target string remained visible during the presentation
of the associated stimuli. The inter-trial interval was 1000 msec.

Two trials of 6 and 4 oral stimuli preceded by, respectively, ST
and NZ target strings served as training session.

3.3. Analysis

The dependent variables were response latencies and accu-
racy. As fixed factors we considered Age (adults vs. adolescents),
Frequency (= the log transformed frequency of occurrence of each

97



Chiara Celata, Katharina Korecky-Kroll, Irene Ricci & Wolfgang U. Dressler

experimental item in the reference corpus), ClusterDuration (in
msec), PreClusterDuration (= the duration of each item stimulus from
its onset to the onset of the target cluster; in msec), AntecedentRT (=
the response latency of the preceding item in the experimental list;
for latency analysis only), AntecedentAccuracy (= whether the preced-
ing item yielded a correct response or an error; for accuracy analysis
only), Status of the cluster (phonotactic vs. morphonotactic), and the
interactions Age*Status of the cluster and Age*Frequency.

Mixed effects regressions were implemented in the packages
Ime4 of the software R (Bates et al. 2014). To bring the variation of
random effects such as subject or item under statistical control, a
mixed-effect model with subjects, items and cluster types as random
effects was run. A factor was considered significant if its t-statistics
yielded a t-value of greater than 2 (or less than -2) when included
in the model, or its p-value was < .05; in addition, a likelihood ratio
test compared the model including the Status of the cluster factor to
a model without it; the test had to yield a p-value lower than 0.05 to
show that the inclusion of the factor did significantly improve the fit
of the model.

A total of 3780 responses for the adults and 2340 for the ado-
lescents were analyzed for global accuracy, i.e. number of correct
responses (‘yes’ button for matching words, ‘no’ button for non-match-
ing words). The subsets of 630 responses for the adults and of 390 for
the adolescents corresponding to the 30 experimental items were ana-
lyzed for accuracy (i.e., the number of correct identifications of the rel-
evant fragment in the “go” trials). Of these, the correct responses (N =
556 for the adults; N = 308 for the adolescents) were also analyzed for
reaction times.

3.4. Results

3.4.1. Accuracy

The analysis of global accuracy showed that, overall, the ado-
lescents performed more errors than the adults (6% vs. 3.5%, respec-
tively). The same result was found when we considered the subset of
experimental items only: in this case, the percentage of missed iden-
tifications was 21% for the adolescents and 12% for the adults. As in
the previous experiment, then, the younger speakers found the task
relatively more demanding compared to the adults.

The data in Table 4 also reveal that adolescents made more
errors on the morphonotactic items than on the phonotactic ones
(respectively, more than 25% of the morphonotactic items were mis-
identified, compared to 16% of the phonotactic ones). The difference
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was comparatively less evident in the case of the adults’ performance
(13% vs. 10%), which suggested that the two groups of subjects were
differently affected by the (mor)phonotactic status of the cluster in
the monitoring task.

Table 4. Accuracy in the identification of experimental items as a function of sti-
mulus type and age range. C = correct identification, E = error (missed identifica-
tion of the matching fragment).

Pronoractic | MorpHONOTACTIC | TOTAL
Aburrs C Frequency 283 273 556
% within 89,9 86,6 88,3
Phonot./
Morphonot.
E Frequency 32 42 74
% within 10,1 13,4 11,7
Phonot./
Morphonot.
Total Frequency 315 315 630
ADOLESCENTS | C Frequency 163 145 308
% within 83,6 74,4 79
Phonot./
Morphonot.
E Frequency 32 50 82
% within 16,4 25,6 21
Phonot./
Morphonot.
Total Frequency 195 195 390

The mixed effects logistic regressions with accuracy as depend-
ent variable and subjects, items and cluster types as random factors
was aimed to verify whether the probabilities associated to incorrect
detection of clusters were associated with changes in the status of the
cluster (from phonotactic to morphonotactic) and/or in the age of the
participants.

The results showed that the only significant factors turned out to
be Age, with adult participants significantly more accurate than ado-
lescents, and (log transformed) Frequency, with low frequency items
more frequently hit by errors than high frequency items (see Table 5).
Neither the Status of the cluster factor nor the Age*Status and
Age*Frequency interactions showed up as statistically significant.

The observed differences in the average accuracy scores, therefore,
could not be confirmed by the mixed effects logistic regression statistics.
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Table 5. Fixed-effect coefficients and p values in the mixed-effects model fitted
to accuracy (subjects, items and cluster types as random factors). The reference
levels for the categorical predictors are the following: for Age it is ‘adolescents’, for
Status of the cluster it is ‘morphonotactic’. All coefficients can be interpreted as
changes relative to these reference levels.

COEFFICIENTS EsTiMATE | STD. ERROR | 7 VALUE Pr(>|z|)
(Intercept) 0.126 1.5383 0.082 0.934
Ageadult -0.822 0.275 -2.978 wE
Frequency -0.111 0.0378 -2.942 wE
AntecedentAccuracy 0.277 0.710 0.391 0.695
PreClusterDuration 0.002 0.002 0.923 0.356
ClusterDuration -0.003 0.003 -0.988 0.322
Statusphono -0.368 0.268 -1.372 0.170
Ageadult*Statusphono 0.247 0.363 0.682 0.495
Ageadult*Frequency 0.222 0.267 0.685 0.345

3.4.2. Reaction times

In the mixed-effect model with subjects, items and cluster types
as random factors and latencies as dependent variable, we wanted to
verify whether the phonotactic or morphonotactic status of the cluster
affected the subjects’ reaction times in the detection task, and wheth-
er this effected was modulated by the age factor. Figure 1 shows by
means of boxplots that for both groups of subjects, the median lines
are higher for the morphonotactic than for the phonotactic items; but
there seems to be a bit more overlap (and more dispersion) in the ado-
lescents’ performance than in the adults’ one.

The results of the mixed model are shown in Table 6. There were,
as expected, significant effects of (log transformed) Frequency (higher
frequency items faster than lower frequency items), AntecedentRT
(the faster the antecedent item, the faster the target item), and
PreClusterDuration (the longer the duration of the stimulus up to
the cluster’s onset, the longer the time needed to give the response).
The duration of the cluster, by contrast, did not affect the model. Age
yielded a significant result, with adult participants reacting faster
than adolescents (195 msec on average). Most importantly, our pre-
dicted explanatory variable Status of the cluster also yielded a sig-
nificant result, showing that phonotactic clusters were detected on
average 73 msec earlier than the corresponding morphonotactic ones.
However, the interaction Age*Status was not significant, suggesting
that the two groups of participants were equal in showing shorter
latencies in the detection of the phonotactic clusters.
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Figure 1. Relationship
between age groups and the
status of the cluster (pho-
notactic, morphonotactic).
(Error bars represent confi-
dence intervals of the indivi-
dual categories.)

Another interesting result was related to the Age*Frequency
interaction, which turned out to be very close to significance. In
order to assess the explanatory contribution of item frequency to
response latencies in the two groups of speakers, two linear regres-
sion models for the two subject groups were run. For the group of
the adult speakers, the two variables turned out to be negatively
and significantly correlated (Pearson correlation coefficient r =
-0.211, r?2 = 0.45; F (1,542) = 25,256, p < .0001). This meant that the
higher the word frequency, the shorter the time needed to detect the
cluster in the word, as expected. For the group of the adolescents, by
contrast, the two variables turned out not to be significantly corre-
lated (Pearson’s correlation coefficient r = -0.105, r?2 = 0.16; F (1,295)
= 2,655, p > .05). Therefore, in the adolescents’ performance, the
response speed was in no way influenced by the fact that the target
sequence could occur in high vs. low frequency words. These data
suggested slightly different processing strategies in cluster detec-
tion for different age groups.
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Table 6. Fixed-effect coefficients and p values in the mixed-effects model fitted to
RT (subjects, items and cluster types as random factors). The reference levels for
the categorical predictors are the following: for Age it is ‘adolescents’, for Status
of the cluster it is ‘morphonotactic’. All coefficients can be interpreted as changes
relative to these reference levels.

COEFFICIENTS EsTiMATE STD. ERROR T VALUE
(Intercept) 1250.470 114.508 10.920
Ageadult -194.843 49.280 -3.956
Frequency -13.158 3.502 -3.757
AntecedentRT 0.225 0.038 5.961

PreClusterDuration 0.471 0.182 2.586

ClusterDuration -0.357 0.239 -1.489
Statusphono -73.464 27.484 -2.673
AgeGroupadult*Statusphono 8.013 33.742 0.237

AgeGroupadult*Frequency -0.348 0.221 -1.989

We additionally checked the effect sizes of the explanatory vari-
able by fitting a ‘null’ model that lacked the Status of the cluster
predictor, and considered whether the difference between the likeli-
hood of these two models (the full and the ‘null’ model) is significant.
The results of the likelihood ratio test confirmed that the morpho-
notactic status of the clusters significantly affected reaction times
(x3(2)=16.75, p=0.00023).

3.5. Discussion

Experiment 2 was aimed at testing whether native speakers of
German were sensitive to the presence of a morphological boundary
within tri-consonantal clusters when asked to identify them as fast
as possible in isolated words presented orally. In particular, it was
hypothesized that, if morphological boundaries played a role in clus-
ter detection, morphonotactic clusters were slower and less accurate,
due to the fact that the first consonant pertains to the lexical mor-
pheme composing the word while the second and third consonants
form (part of) the inflectional morpheme. While Experiment 1 pro-
vided some evidence in support of the morphonotactic hypothesis by
pointing to the facilitatory effect of morphological structure in cluster
modification (production), Experiment 2 was expected to test the role
of morphonotactics in pre-lexical phonological processing (perception).
As in Experiment 1, it was also hypothesized that an age effect could
emerge, with younger speakers more sensitive to the morphonotactic
status of clusters than older speakers; in order to test that hypothesis,
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the performance of adult native speakers was compared with that of a
group of adolescents. Unlike Experiment 1, in which the participants
had no temporal restriction for the execution of the task, Experiment
2 tested the online processing of clusters by constraining the temporal
interval allowed for the response.

The first expectation, concerning the difference between phono-
tactic and morphonotactic clusters, was confirmed by the reaction time
analysis, but not by the accuracy analysis. In addition, the effect that
was found on latencies was an inhibitory one. Morphonotactic items
turned out therefore to be slower, but not less accurate, to be detected
than phonotactic items. The latency results can thus be interpreted in
support of the morphonotactic hypothesis, inasmuch as the presence of
a morphological boundary within consonant clusters turned out to affect
the speakers’ time of recognition of those clusters; since this effect was
inhibitory, the result also support the view that, in this online perceptual
experiment, morpheme boundaries represented an additional processing
cost during the phonological processing of the items.

The second expectation, concerning different processing strategies
by different age groups, was basically disconfirmed by the results of
Experiment 2, although the data were not entirely clear. In the accu-
racy analysis, the Age*Status of the cluster interaction was not signifi-
cant, though the average values pointed to an existing trend for adoles-
cent speakers to produce more errors on the morphonotactic items than
on the phonotactic. In the latency analysis, the interaction was equally
insignificant, though the adolescents turned out to be overall insensi-
tive to word frequencies. The latter point is worth of further comment.

In the adolescents’ performance, the apparent independence of
reaction times from lexical frequencies could suggest that, when per-
forming the sequence monitoring task, these participants accessed
the phonological representation of the cluster without necessarily
relying on the lexical representation of the whole word. For them, lex-
ical properties such as whole word frequency were indeed irrelevant.
Then, if we consider once again that the sequence monitoring task is
based on the assumption that congruent targets yield faster detection
latencies than incongruent targets, and that in Experiment 2, conso-
nantal sequences appearing in multimorphemic words were said to be
incongruent with the morphemic structure of the word, the frequency
result on adolescents would provide indirect support to a view of
morphological processing in which individual morphemes are recog-
nized early, and morphemic representations are activated prior to the
activation of lexical entries (from Taft & Forster 1975 onwards, with
different versions of the dual-route approach, particularly as far as
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morpho-orthographic representations are concerned; e.g. Caramazza
et al. 1988, Longtin et al. 2003, Taft & Ardasinski 2006).

4. General discussion and conclusions

By comparing the behavior of adults and adolescents in splitting,
modifying and detecting tri-consonantal phonotactic and morphono-
tactic sequences of their native language, the two experimental stud-
ies presented here aimed to investigate the processing of phonotactic
sequences that straddle a morphological boundary, in comparison to
homophonous monomorphemic sequences.

Experiment 1 demonstrated that, when asked to disrupt a con-
sonantal sequence and introduce an /i/ vowel at some point between
two consonants of the cluster, part of the speakers took advantage of
the information related to the morphological structure of the word,
thus inserting the vowel preferentially at the point of the morphe-
mic juncture; and in general, bimorphemic clusters were easier to
split and modify than monomorphemic ones. This result provided
support to the general claim that the speakers are sensitive to the
phonotactic vs. morphonotactic status of homophonous consonant
clusters, and may use this information in processing the phonologi-
cal and morphonological characteristics of words. The fact that such
sensitivity was found in adolescents only, not in adults, also pointed
to age-related differences in (mor)phonotactic processing. As a mat-
ter of facts, it is well known that the acquisition of phonology starts
earlier and is mastered earlier than the acquisition of morphology; as
a consequence, the interaction between these two components neces-
sarily changes in early childhood (Dressler & Dziubalska-Kolaczyk
2006; Bavin 2009). Additionally, bootstrapping between phonology
and morphology is limited to early phases of acquisition (Weissenborn
& Hohle 2000). However, our data from Experiment 1 only indirectly
support this view, inasmuch as it is not entirely clear, first of all,
whether and to what extent adolescents also differ from pre-pubes-
cent children. Second, similar age-related differences in (mor)phono-
tactic processing were neither consistently nor significantly found in
Experiment 2, contrary to the expectations.

Capitalizing on the suggestions coming from Experiment 1 that
adolescents differed from adults in the way they exploited morpho-
notactic information in producing phonologically modified consonant
clusters, Experiment 2 aimed at verifying whether the same sensi-
tivity to the clusters’ (mor)phonotactics was equally present in the
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online pre-lexical processing of phonological sequences. The results of
Experiment 2 were consistent with those of Experiment 1 inasmuch
as phonotactic and morphonotactic clusters were processed differ-
ently (i.e., the former elicited shorter reaction times than the latters),
but diverged to the extent that the response pattern was generalized
to adults too. Adults and adolescents did differ, to the extent that the
latter were overall less accurate and slower than the former; but this
was indicative of a higher processing cost associated to the accom-
plishment of the experimental task for adolescents as compared to
adults; age differences did not influence the way the speakers pro-
cessed the contrast between morphonotactic and phonotactic cluster.
Furthermore, while Experiment 1 showed that morphonotactic clus-
ters were easier to split and produce (with the addition of an /i/ vowel)
than phonotactic ones, Experiment 2 showed that morphonotactic
clusters were slower to be detected than phonotactic ones (though
eliciting an equal number of correct and incorrect responses).

Taken together, these results indicate that morphonotactics can
be relevant in phonological processing, but its influence varies as
a function of experimental task, and, in some experimental tasks,
according to the age of the speakers. In online phonological process-
ing, morphonotactic sequences may involve an additional processing
cost compared to homophonous phonotactic sequences. This pro-
cessing cost may be the same for adults and for younger speakers.
Korecky-Kroll et al. (2014), also on German, demonstrated that adult
native speakers actively exploit the potential boundary signaling
function of clusters that result from morphological concatenation,
by treating morphologically produced clusters differently than mor-
pheme internal clusters. The results of Experiment 2 consistently
showed that the two types of clusters can be processed differently by
both adolescents and adults. The fact that in the study by Korecky-
Kroll et al. (2014) the morphonotactic sequences were advantaged in
processing, compared to the phonotactic ones, was due to the fact that
those subjects were asked to detect phonemes or sequences that were
either separated from the stem by a morphological boundary, or not;
these sequences did not straddle a morphological boundary. In our
Experiment 2, by contrast, morphonotactic clusters were incongruent
with the monitoring target, which could explain their disadvantage in
processing. Therefore, both the present study and the one of Korecky-
Kroll et al. (2014) consistently support, from two different perspec-
tives, the observation that the presence of a morphological boundary
is relevant to the speakers in their processing of consonantal clusters
of their native language.
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The present findings are also consistent with the results of
the psycho-computational study of Calderone et al. (2014), in which
the phonological representation of morphonotactic sequences and
of homophonous phonotactic ones were derived from an artificial
algorithm trained on German phonotactics and turned out to be sig-
nificantly different, independently from any quantitative parameter
of phonotactic probability or lexical frequency. In that paper it was
hypothesized (Calderone et al. 2014: 69) that the early phases of
lexical and morphological processing are characterized by automatic
parsing attempts and the need to extract as much information as pos-
sible from language input, thus enabling “the activation of all mean-
ingful units of language” (Libben 2010; see also Dressler et al. 2003).

The offline and online experiments on adults and adolescents
reported on here confirm that morphology may impact phonotactic
processing inasmuch as homophonous sequences that either are
monomorphemic or straddle a morphological boundary can be differ-
ently perceived, produced, manipulated. Additional testing with dif-
ferent experimental tasks and populations will provide more details
on whether such parsing strategy is exclusive of early acquisition
phases (or may also be effective in general processing), and on when
and how the speakers’ sensitivity to the (mor)phonotactic status of
clusters has facilitatory, inhibitory or no effects of phonological, mor-
phological, lexical processing.
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The interaction of prosody and phonotactics:
Resyllabification in three varieties of German

Sylvia Moosmiiller

Resyllabification is a syllable optimizing process, in which a coda conso-
nant is assigned to the following syllable if the phonotactics of the language
allows such reassignment. Since the process optimizes the structural well-
formedness of the syllable, it is mostly observed in quantifying languages.
The Middle Bavarian varieties of German feature some quantifying aspects
as well. It was therefore tested whether, with respect to the word-final frica-
tive /s/, resyllabification can be found in the Viennese dialect (VD) and in
Standard Austrian German (SAG). The results were compared with results
on Standard German German (SGG), a language in which resyllabification
is blocked by glottal stop insertion or glottalization in the onset. Results indi-
cate that stress plays a crucial role: before a stressed word starting with a
vowel, resyllabification is blocked by glottalization in all varieties, whereas
before an unstressed word, absolute and relative durations rendered contra-
dictory results. The results on absolute durations show a tendency towards
resyllabification, whereas relative durations render significant differences
between word-final /s/ in a context of resyllabification and word-initial /s/.

1. Introduction

Many researchers argue that CV structures constitute the opti-
mal sequence of phonemes and constitute a language universal (e.g.,
Greenberg 1978; Vennemann 1988; Blevins 1995), since these struc-
tures are prevalent in all languages analysed to date. Yet, such a state-
ment, though obviously true, inevitably entails the question of why so
many language forms violate this optimal state. Morphology definitely
plays a decisive role: Dziubaska-Kotaczyk (2014) shows that in Polish,
consonant cluster size correlates with morphological complexity: “70
percent of the 2-consonant clusters are phonotactic while 70 percent of
4-consonant long clusters are morphologically complex” (2014: 13).

Thus, rich consonant clusters contain morphological informa-
tion and make the (phonological) word more “visible” (Szczepaniak
2014), especially if they appear at the edges of the word. Therefore,
they optimize the word by highlighting the word boundaries. On the
other hand, in languages optimizing the syllable, word-boundaries
are blurred and it is more difficult to decode morphological informa-
tion. Therefore, an alternative approach to explain the predominance
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of CV structures is provided by a typology based on prosody in which
languages are classified according to whether they optimize the
(phonological) word or the syllable. The approach of differentiating
prototypical “word languages” and prototypical “syllable languages”
has been elaborated by Auer (1991, 1993, 2001) as a continuation
of the pure phonetically conceived concept of “stressed-timed” and
“syllable-timed” languages (Pike 1945). Auer qualified the strong
isochrony hypothesis advocated by Abercrombie (1967) by a) shifting
the typological classification from the phonetic to the phonological
level! and by b) proposing a continuum between the two prototypes
and providing a list of mostly phonological parameters such as wheth-
er the sonority hierarchy is respected in consonant cluster sequences,
whether vowels are reduced in non-accented syllables, or whether
rules enhancing CV-structures or rich consonant sequences are
observed (see Auer 1991: 303 for a complete list of processes).

Siebenhaar (2014) argues that it cannot be ultimately decided
whether “segmental aspects result in a different rhythmic concept, or
whether the rhythmic concept of a language entails the phonological
structure” (2014: 332). However, whereas the first option has to rely on
the admittedly intriguing but questionable concept of the well-known
paradigm of ease of articulation and ease of perception in order to
justify the preference for CV-structures, the second option provides a
functional and more dynamic explanation for the continuous sliding
of languages on a scale where either the word or the syllable is opti-
mized. While this model still entails some shortcomings, such as too
loosely defining the phonological word, and would profit from some
refinements (Auer 2014), it still provides a typological explanation for
why CV structures are common in all languages, whilst rich consonant
clusters are predominantly found in “word” languages. Furthermore, it
provides a good tool for handling mixed types such as the Alemannic
(Siebenhaar 2014) or the Middle Bavarian (Bannert 1976, Moosmiiller
& Brandstatter 2014) varieties of German.

Typologically, Old High German (OHG) was a quantifying lan-
guage, meaning that quantity opposition of both vowels and con-
sonants was prevalent in all prosodic positions. On its way to New
High German (NHG), unstressed syllables were gradually reduced,
geminates were degeminated, long vowels became short vowels in
unstressed positions, and short vowels were deleted (see Szczepaniak
2007 for a detailed overview of the processes which took place from
OHG to NHG). Thus, German changed from a quantifying language
to a word language, with rich consonant clusters and an uneven dis-
tribution of stressed and unstressed vowels (less vowel quality diver-
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sity in unstressed positions, mostly reduced to schwa). However, these
changes have also led to dialectal differences.

2. Description of the varieties

In the 19% century, the north German varieties spoken by the
educated elites gained highest prestige and replaced the Upper
Saxonian varieties which commanded this position at the times of
Gottsched or Gellert. Thus, today, Standard German German (SGQG)
is strongly associated with the variety spoken in the northern part of
Germany, advocated in the media and ranked most prestigious in per-
ception experiments (Herrgen 2015). However, some German scholars
propose a broader definition of SGG, including regional standards.
Therefore, it is predominantly the average educated speaker, inde-
pendent of his or her regional origin, who is conceived as a speaker of
SGG (Deppermann et al. 2013).

Among the varieties of German, SGG, both as defined in Herrgen
(2015) and in Deppermann et al. (2013), with its rich consonant clus-
ter inventory, its prevalence of schwa-vowels and the concomitant
backgrounding of unstressed syllables, is located nearest to a proto-
typical word language.

The Middle Bavarian dialects, on the other hand, preserved some
quantifying aspects. Though the number of consonants allowed in a
cluster is at least as high or even higher than in SGG, e.g., ['g/bril:nal
gesprungen “spring, PRF”, [dzfri:f] zu frisch (‘too fresh’), [bfvibsd]
beschwipst (‘tipsy’), the existence of full vowels in unstressed syllables
and especially the specific timing of VC-sequences in stressed posi-
tion still point to the preservation of old quantifying aspects in these
varieties. Bannert (1976) and Ronneberger-Sibold (1999) assume
an isochronous relationship between long vowel + lenis consonant
sequences and short vowel + fortis consonant sequences, thus exclud-
ing further vowel + consonant combinations. However, Moosmiiller
(2007) and Moosmiiller & Brandstétter (2014) demonstrate the exist-
ence of further combinations, especially long vowel + fortis plosive
sequences. From their results, they favour a moraic approach in ana-
lysing stressed syllables in the Middle Bavarian dialects. Thus, the
Middle Bavarian dialects show traits of both a word language and of
a quantifying language (see also Siebenhaar 2014 for the Alemannic
dialects).

The Viennese dialect (VD), which is analysed in the current
contribution, belongs to the eastern Middle Bavarian dialects. As

113



Sylvia Moosmiiller

an urban dialect, it holds the lowest prestige of all Austrian dia-
lects (Moosmiiller 1991). It is spoken by speakers of the lower social
classes, mostly with a low educational background. Nevertheless, VD
speakers learned a standard language in school and thus acquired
passive, and, dependent on the speaker, a certain degree of active
competence in SAG. Since many changes are currently observable in
the speech of young speakers of the lower social classes (Glaunigner
2011), we will restrict VD speakers to speakers of the older genera-
tion, whose variety coincides with what is stereotypically considered
as VD.

Among Austrian scholars, no uniform definition of Standard
Austrian German (SAG) exists. As concerns the selections of speakers,
some scholars rely on professional speakers (Muhr 2007; Wiesinger
2009), others on educated speakers not further specified (Birkle
1995; Ehrlich 2009; Kleiner 2010). Some scholars restrict standard
language use to specific text-types (predominantly reading of texts or
official talks), others include spontaneous speech as well. These differ-
ent approaches naturally result in different descriptions of SAG (see
Moosmuiiller 2011, 2015).

Moosmiiller (1991) based her definition of SAG on the results of
perception and attitude experiments, conducted in the cities of Graz,
Innsbruck, Salzburg, and Vienna. From these results it follows that
above all, speakers from Salzburg and Vienna, to a lesser degree
speakers from Graz, are accepted as speakers of SAG. Education
turned out to be a decisive criterion: only speakers with a high educa-
tional background, whose parents also had a higher-level education,
were accepted as SAG speakers. Most interestingly, Viennese speak-
ers fulfilling these criteria were rated best. From these results it can
be concluded that SAG as spoken in Vienna enjoys the highest pres-
tige. These results were corroborated by more recent studies (Soukup
2009, Goldgruber 2011).

A historical view on the development of SAG reveals that the
Middle Bavarian variety spoken by the nobility and educated elite
of the 18 century held a very low prestige (Wiesinger 1985). Thus,
speakers of these social classes geared towards the most prestigious
variety spoken in the respective German countries of the time (see
Moosmiiller 2015 for an overview). Consequently, SAG holds an in-
between position, showing both traits of its Middle Bavarian basis,
especially as concerns phonetics and phonology, and of SGG, especial-
ly as concerns morphology, syntax, and the lexicon.? The congruities
of SGG and SAG on higher grammatical levels severely challenge the
quantity approach advocated by Bannert (1976) and Ronneberger-
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Sibold (1999), since an abundant number of lexical items violate the
phonotactic restrictions put forward in their treatises. An integra-
tion of SGG lexical items into the Middle Bavarian timing patterns
is more easily achieved in the mora-based approach proposed by
Moosmiiller & Brandstitter (2014), which challenges the traditional
view that only long vowel + lenis consonants or short vowel + fortis
consonants are allowed in the Middle Bavarian varieties and prove
the existence of a third category, namely of long vowel + fortis conso-
nant sequences.

From the results described so far, it can be concluded that in
SGG, the word is optimized, whereas in VD and SAG, both word opti-
mizing and syllable optimizing tendencies can be observed.

3. Resyllabification

Resyllabification constitutes a further parameter which opti-
mizes the syllable and consequently blurs word boundaries. As such,
resyllabification is most extensively described for languages which
are generally thought of to belong to a syllable-optimizing type such
as Spanish (Torreira & Ernestus 2012, Strycharczuk et al. 2014),
Catalan (Caro Reina 2014), French (Gaskell et al. 2002, Fougeron
2007), Italian (Loporcaro & Bertinetto 2005), and Alemannic
(Siebenhaar 2014).

In a process of resyllabification, coda consonants are assigned to
the following syllable if the phonotactics of the language allow such
reassignment. A word-final consonant followed by a word-initial vow-
el would constitute a very typical context for resyllabification, termed
enchainement in French. In the case of resyllabification, the coda con-
sonant is assumed to adopt the traits of an onset consonant and thus
impede word recognition. Fougeron et al. (2003) looked for acoustic
cues of resyllabification and analysed three conditions: a) condition of
enchainement (V;.C#V,), b) word boundary condition (V,#CV,), and ¢)
syllable boundary condition (V,.CV,). However, with speaker-specific
differences, they found significantly longer durations of the vowel
preceding the consonant in the enchainement condition and in the
vowel in the word boundary condition as compared to the vowel in
the syllable boundary condition. In a condition of resyllabification or
enchainement,? the vowel preceding the consonant turns into a word-
final vowel and is subject to word-final lengthening. As concerns the
consonants, Fougeron et al. (2003) obtained different results depend-
ent on consonant type. While stops in the enchainement conditions
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were realized shorter than in both the word boundary and the syl-
lable boundary conditions, no such differences occurred with respect
to fricatives and liquids. These differences are also reflected in the
duration of V,: vowels following stops are shorter in the enchaine-
ment condition, whereas vowels following fricatives show no differ-
ences regarding the three boundary conditions. From their results,
Fougeron et al. (2003) conclude that enchainement in French is not
simply a resyllabification of the word-final coda to the onset of the fol-
lowing syllable.

Similar results have been obtained for French by Dumay et
al. (1999), Spinelli et al. (2002), Gaskell et al. (2002), and Fougeron
(2007), and for Spanish varieties by Lipski (1999) and Strycharczuk &
Kohlberger (2014).

For Alemannic, Siebenhaar (2014) could show that word-initial
fricatives are significantly longer than word-medial and word-final
fricatives. In a condition of resyllabification, i.e., a word-final fricative
preceding a word-initial nasal, liquid, or vowel, the word-final frica-
tive is lengthened and reaches the mean duration of the word-initial
fricative (2014: 339). Thus, in Alemannic, full resyllabification is
observed, at least as far as durational parameters are concerned.

In SGG, glottal stop insertion before word-initial vowels usually
blocks resyllabification. However, Bergmann (2014) showed that bound-
ary weakening, i.e., glottalization,? sometimes takes place in unac-
cented positions and in high frequency words. In Alemannic, glottal
stop insertion does not exist, and is therefore open for resyllabification.
In the Middle Bavarian varieties, glottal stop insertion is optional, and
mostly replaced by glottalization. In addition, word boundary marking
can be further weakened and be signalled by a drop in FO or a drop in
amplitude (Moosmiiller 1999). Therefore, a gradual pacing from glottal
stop to a loss of marking the word boundary can be observed, the latter
case constituting a condition for resyllabification.

In the current contribution, the fricative /s/ is analysed with
respect to resyllabification. For /s/, however, variety-specific outputs
for resyllabification have to be assumed for the three varieties under
consideration. While SGG features voiced [z] word-initially, but voice-
less [s] word-finally, in a condition of resyllabification, the resyllabi-
fied fricative should surface as voiced [z], accompanied by a shorten-
ing in duration in order to equal the durations of word-initial [z]. In
the Middle Bavarian varieties, on the other hand, both word-final and
word-initial /s/ is voiceless. Therefore, in a condition of resyllabifica-
tion, the resyllabified fricative should, in accordance with Siebenhaar
(2014), show the same durational traits as a word-initial fricative.
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Therefore, it is hypothesized that

1. for all varieties, glottal stop insertion or glottalization blocks
resyllabification before stressed syllables,

2. glottal stop insertion or glottalization blocks resyllabification in
SGG,

3. for the Middle-Bavarian varieties, resyllabification takes place
before unstressed syllables,

4. resyllabification takes place more readily in VD than in SAG.

4. Method

Eight speakers (4 females and 4 males, age range 45-60 years) of
the Viennese dialect, 16 speakers of SAG (4 females and 4 males, age
range 45-60 years, and 4 females and 4 males, age range 18-25 years),
and 4 speakers of SGG (3 females and 1 male, age range 25-59 years)®
were asked to read a list of 72 sentences twice.

The Austrian subjects were raised in Vienna with at least one
parent raised in Vienna as well. The dialect speakers have finished
secondary school, but not all of them have finished an apprentice-
ship. The SAG speakers of the older group hold an academic degree.
The younger speakers have finished grammar school with ‘Matura’
(Austrian high school diploma/school leaving certificate) and were
pursuing a university education at the time of recording. At least one
parent of each SAG speaker held an academic degree as well.

The German subjects hold an academic degree and were chosen
according to the criteria proposed in Deppermann et al. (2013), which
defines a standard speaker as an averagely educated speaker.

From the list of read sentences, the following duration measure-
ments of the fricative /s/ were performed:®
e the word-initial /s/, in a stressed position of a content word (n =

168): e.g., Saft juice’, Siebe ‘sieves’,

e the word-initial /s/, in an unstressed syllable of a content word (n
= 168): e.g., Salat ‘salad’, Sekretdr ‘secretary’

e the word-initial /s/, in an unstressed position of a pronoun (n =
168): e.g., wie sich der Kater ‘as the cat itself’, konnen Sie ‘you can’,
ergriff sie ‘she was grasped’,

e the word-final /s/ of a stressed word (n = 56): e.g., mit Kies bestreut
‘strewn with gravel’,

e the word-final /s/, followed by a stressed vowel (V s#'V,) (n = 56):
e.g., kostliches Essen ‘delicious food’ = resyllabification Condition 1,

e the word-final /s/, followed by an obstruent (V,;s#'OV,) (n = 56):
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e.g., kostliches Bier ‘delicious beer’,

e the word-final /s/ of an unstressed word, followed by an
unstressed word (n = 56): e.g., aus der ‘from the’,

e the word-final /s/, followed by an unstressed vowel (V;s#V,) (n =
56): e.g., ztind nicht das Haus an ‘don’t torch the house’ = resyl-
labification Condition 2,

e V,in the conditions (V;s#'V,), (Vis#'0OV,), and (V,s#V,).

Durations of the fricative were normalized for word duration.

5. Results

5.1. /s/ in word-initial position

For word-initial /s/, three positions were tested: word-initial /s/
for stressed content words, word-initial /s/ for content words in which
the first syllable is unstressed, and word-initial /s/ of pronouns in an
unstressed position. Figure 1 reveals that, unsurprisingly, the abso-
lute duration of /s/ in unstressed pronouns is shortest, whereas, on
the other hand, surprisingly, the relative duration of word-initial /s/
in unstressed pronouns is higher than in word-initial /s/ in a stressed
position or in an unstressed position of a content word, thus taking up
more than half of the total word duration.

|
relative duration

sir unsirl unstr2 sir unstrl unstr2

Figure 1. Boxplots of absolute duration (left) and relative duration (right) of word-
initial /s/ in a stressed position (=str), in an unstressed position of a content word
(=unstrl), and in unstressed pronouns (= unstr2) for all groups of speakers.
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However, the results of a two-way ANOVA (speaker group x type
of /s/) not only disclose a highly significant main effect for the three
types of /s/ [F(2,483 = 766.49, p < .0001], but also a highly significant
main effect for the speaker group [F(6,483) = 7.24, p < .0001]. Figure 2
presents the results broken down by speaker group. Because of space
constraints and since the results on the word-initial /s/ in unstressed
pronouns are the most relevant in the context of resyllabification
Condition 2, only these results will be presented in Figure 2.

100

relative duration
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L ]
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VDf VDm SAGfo  SAGmo  SAGfy SAGmy SGG

Figure 2. Boxplots of the relative duration of word-initial /s/ in unstressed pronouns,
broken down by groups of speakers. VD = Viennese Dialect, SAG = Standard Austrian
German, SGG = Standard German German, f = female, m = male, o = older generation,
y = younger generation.

With respect to the relative durations of word-initial /s/ in
unstressed pronouns, young male SAG speakers behave similarly to
SGG speakers. This might be due to the fact that in two of the three
items tested, namely in wie sich der Kater ‘as the cat itself” and in
konnen Sie ‘you can’, the /s/ is preceded by a vowel/voiced sonorant.
Although the phoneme inventories of SAG and VD feature no voiced
/z/ in word-initial positions, voiced contexts might cause a voicing of
the fricative. Figure 3 shows the percentage of voicing in these two
conditions, broken down by speaker group.

As expected, /z/ is voiced in SGG.” In SAG, voicing of /s/ occurs
predominantly in the production of male SAG speakers. However,
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the percentage of voiced [z] in young male SAG speakers is not high
enough to justify the assumption that the comparable results in the
relative durations of young male SAG speakers and SGG speakers is
due to voicing.

u 0

108

“ |
i Ve saaiu pree— freTy pre=— g

=i s 2 nhs a a1 1o

Figure 3. Percentage of voicing of word-initial /s/ in the contexts wie sich der Kater
‘the cat itself” and kénnen Sie ‘you can’. VD = Viennese Dialect, SAG = Standard
Austrian German, SGG = Standard German German, f = female, m = male, o = older
generation, y = younger generation.

5.2. /s/ in word-final position (V;s#0V,)

Three positions were tested for word-final /s/: the word-final
/s/ of a stressed word followed by a word-initial consonant of an
unstressed syllable, the word-final /s/ of an unstressed word followed by
a word-initial consonant of a stressed word, and the word-final /s/ of an
unstressed word followed by a word-initial consonant of an unstressed
word. A comparison of absolute and relative durations yielded differ-
ences with respect to the stressed vs. unstressed condition followed by
a stressed word (see Figure 4). In these two conditions, absolute dura-
tions disclose no significant differences [t(119) = 0.13, p = .45], whereas
relative durations yielded a highly significant difference [t(85) = 24.16,
p < .0001]. This result is interesting, since it indicates that relative
durations are sensitive to the number of syllables (one syllable in Kies
‘gravel’, three syllables in kostliches ‘delicious’), whereas absolute dura-
tions are not influenced by the composition of the word.
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As concerns unstressed words followed by an unstressed word,
results resemble those for absolute and relative durations in unstressed
word-initial position: absolute durations are shortest, while relative
durations are highest. However, the results of a one-tailed t-test revealed
a highly significant difference [t(129) = 12.24, p < 0.0001] between the
relative duration of a word-initial unstressed /s/ in pronouns and a word-
final unstressed /s/ followed by unstressed words. Relative duration is
lower in a word-final unstressed position followed by an unstressed word
than in the word-initial position of unstressed pronouns (see right figure
of Figure 1 and right figure of Figure 4 for comparison).
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Figure 4. Boxplots of absolute duration (left) and relative duration (right) of a word-
final /s/ in a stressed position (=str), in an unstressed position followed by a stressed
word (=unstrl), and in an unstressed word followed by an unstressed word (= unstr2)
for all groups of speakers.

A two-way ANOVA (speaker group x type of /s/) revealed a highly
significant main effect for the three types of /s/ [F(2, 147) = 210.13, p <
.0001] and a highly significant main effect for the speaker group [F(6,
147) = 4.19, p < .001]. Figure 5 presents the results on relative durations
of word-final stressed /s/, broken down by speakers, since this condition
is the most relevant for a comparison with resyllabification Condition 2.

As becomes apparent from Figure 5, no significant differences exist
between the SGG speakers and the young SAG speakers [t(22) = 0.29, p
=.39]. The same holds for absolute durations [t(22) = 0.40, p = .35].
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Figure 5. Boxplots of the relative duration of word-final /s/ in stressed words, bro-
ken down by groups of speakers. VD = Viennese Dialect, SAG = Standard Austrian
German, SGG = Standard German German, f = female, m = male, o = older generation,
y = younger generation.

5.3. /s/ in resyllabification Condition 1: (V,s#'V,)

In this condition, resyllabification is blocked by glottal stop inser-
tion or by glottalization of the stressed vowel. Bergmann (2014) dif-
ferentiates between glottal stop insertion and glottalization, since the
latter constitutes a weakening of glottal stop insertion. However, in
the current contribution, both are treated as equal, since both block
resyllabification. Since glottal stops are rare in the Austrian varieties,
glottalization occurs in the majority of cases. Therefore, the term “glot-
talization” will be used for both glottal stop insertion and glottalization.

In the V,s#'V, condition, glottalization is suppressed in four items
only, namely by one VD speaker, by one female SAG speaker of the older
generation (twice) and by one male SAG speaker of the older generation.

Since the condition for resyllabification is met only in the four
cases mentioned, the durations of /s/ in the condition (V;s#'V,) and
(Vis#'0V,), kostliches Essen and kostliches Bier, respectively, should
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remain the same. With respect to absolute duration, this is in fact the
case. A two-way ANOVA yielded no significant result for the type of
/sl; [F(1, 98) = 3.51, p = .06]. However, with respect to relative dura-
tion, a highly significant difference occurred [F(1, 98) = 10.76, p <
.001], as shown in Figure 6.

relative duration
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Figure 6. Boxplots of absolute duration (left) and relative duration (right) of the
word-final /s/ in késtliches Essen (= k. Essen) and késtliches Bier (= k. Bier), for all
groups of speakers.

Both the results on relative and absolute duration yielded a
highly significant main effect for the speaker group, but only the
results on absolute duration rendered a significant interaction for the
type of /s/ and the speaker group [F(6,98) = 2.4, p < .04]. Pronounced
differences between the two types of /s/ are obvious in SAG speakers
of the older generation, whereas no such differences are observable in
the SGG speakers and the SAG speakers of the younger generation,
and much smaller differences are visible in the VD speakers.

5.4. /s/ in resyllabification Condition 2: (V,s#V,)

Things are quite different in resyllabification Condition 2 as com-
pared to resyllabification Condition 1. In the case of a word-final /s/ fol-
lowed by an unstressed word-initial vowel, glottalization is suppressed
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in 40% of all observed V,;s#V, sequences. Again, some group-specific dif-
ferences appear (see Figure 7), especially within the group of VD speak-
ers. While all male VD speakers suppress glottalization in this condi-
tion, this is not the case among the female VD speakers. Most interest-
ingly, one SGG speaker also suppresses glottalization in this condition.
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Figure 7. Suppression of glottalization (in %) in the condition V,s#V,. VD = Viennese
Dialect, SAG = Standard Austrian German, SGG = Standard German German, f =
female, m = male, o = older generation, y = younger generation.

Consequently, in the case where glottalization takes place, /s/ is
supposed to stay in the word-final position and should thus remain on
par in duration with the word-final /s/ of a stressed word. In the case of
a suppression of the process, a word-final /s/ is supposed to move to the
onset of the next syllable and should thus be on par in duration with
a word-initial /s/ in unstressed pronouns. For SGG speakers, resyllabi-
fied /s/ should surface as voiced [z]. Since this is not the case, it can be
assumed that no resyllabification takes place in SGG. Consequently,
SGG speakers are excluded from the following calculations.

However, t-tests rendered different results according to whether
absolute or relative durations were tested. In the condition where
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resyllabification is blocked by glottalization, absolute durations of
/s/ in Haus ‘house’ and /s/ in Kies ‘gravel’ are the same [t(78) = 0.25,
p = .803]. However, highly significant differences occur with respect
to relative duration [t(78) = -8.48, p < .0001]; the relative duration
of word-final /s/ in Haus being lower than of word-final /s/ in Kies.
Figure 8 compares the results of absolute and relative durations for
the [+glottalization] condition.

0 ‘

relative duration
=

= | [_T_]

0

/s#/ Haus Is#i Kies /s#! Haus /s#/ Kies

Figure 8. Boxplots of absolute duration (left) and relative duration (right) of word-
final /s/ of Haus in the [+glottalization] condition (= /s#/ Haus) and of word-final /s/ of
Kies (= /s#/ Kies), for all groups of Austrian speakers.

In the other condition, where resyllabification is not blocked
by glottalization, absolute and relative durations of the word-final
/s/ of Haus and of the word-initial /s/ of unstressed pronouns show
statistically significant differences. Absolute durations are longer
in word-initial unstressed pronouns than in the word-final /s/ of
Haus [t(156) = -1.65, p = .05]. Highly significant differences occur
for relative durations [t(51) = -25.01, p < .0001]; relative durations
being higher in word-initial unstressed pronouns. Figure 9 com-
pares the results of absolute and relative durations for the [-glot-
talization] condition.
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Figure 9. Boxplots of absolute duration (left) and relative duration (right) of word-
final /s/ of Haus in the [-glottalization] condition (= /s#/ Haus) and of word-initial /s/ of
unstressed pronouns (= /s#/ unstr2), for all groups of Austrian speakers.

A comparison of the [+glottalization] and the [-glottalization]
condition of the word-final /s/ of Haus revealed minor differences in
absolute durations [t(18) = 1.48, p = 0.08]; /s/ tends to be shorter in
the [-glottalization] condition. Differences in relative durations are
significant [t(17) = 2.02, p = .03], with relative duration being lower in
the [-glottalization] condition. The diphthong of Haus tends to be longer
in the [-glottalization] condition [t(46) = -1.41, p = .08], however, with
respect to relative durations, highly significant differences occur [t(46)
= -3.31, p < .001]. Relative durations are higher in the [-glottalization]
condition as compared to the [+glottalization] condition.

6. Discussion

In this contribution, it was tested whether resyllabification takes
place across a word-boundary when the following word starts with a
vowel, or whether resyllabification is blocked by glottal stop insertion
or glottalization. The realization of resyllabification would further
undermine quantifying aspects of VD and SAG, since resyllabification
is a syllable optimizing process. It was hypothesized that resyllabifi-
cation would more readily take place in VD and SAG as compared to
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SGG. This general hypothesis was confirmed; in SGG, resyllabifica-
tion is blocked by glottalization. In the unstressed context of V;s#V,,
one SGG speaker suppresses glottalization. However, since the word-
final /s/ is not pronounced as a voiced [z] as demanded by the phono-
tactics of SGG in a word-initial position, it is assumed that /s/ is not
resyllabified.

In the condition (V;s#'V,), i.e., in the condition of a word-final
/s/ with a subsequent word-initial stressed vowel, resyllabification is
blocked by glottalization in all varieties under consideration. In the
second condition (V;s#V,), i.e., in the condition of a word-final /s/ with
a subsequent word-initial unstressed vowel, glottalization is sup-
pressed in 40% of all cases.

When glottalization is suppressed, i.e., in the [-glottalization]
condition, only minor differences occur with respect to absolute
durations of the word-final /s/ of Haus and the word-initial /s/ of
unstressed pronouns. In addition, the diphthong of Haus shows a ten-
dency to be longer in the [-glottalization] condition than in the [+glot-
talization] condition. Therefore, if absolute durations are considered, a
tendency to resyllabification can be observed.

These results are not corroborated when relative durations are
considered. The relative duration of the word-final /s/ of Haus is sig-
nificantly lower than the relative duration of the word-initial /s/ of
unstressed pronouns. However, the relative duration of the diphthong
in the [-glottalization] condition is significantly higher than in the
[+glottalization] condition. Considering relative durations, only the
results of the diphthong duration indicate a resyllabification. The
relative duration of word-final /s/ is both lower than the duration of
the word-initial unstressed pronouns and the word-final /s/ in the
[+glottalization] condition, establishing the following hierarchy: word-
initial /s/ of unstressed pronouns > word-final /s/ in the [+glottaliza-
tion] condition > word-final /s/ in the [-glottalization] condition.

Differences with respect to absolute and relative durations were
also observed in resyllabification Condition 1: considering the abso-
lute duration of the word-final /s/ of kostliches, no differences occurred
with respect to the following context (consonant vs. vowel), as expect-
ed, whereas a comparison of the relative durations rendered highly
significant differences.

These results address the question of whether absolute or rela-
tive durations have to be considered in clarifying whether resyl-
labification occurs in the Austrian varieties analysed. However, this
question can only be answered by conducting perception experiments,
after which, an extension of the analysis to spontaneous speech is
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meaningful and will further reveal whether, with respect to resyllabi-
fication, the Middle Bavarian varieties of German show quantifying
or word-optimizing traits.

Results also revealed similarities between SGG speakers and young
SAG speakers. Currently, immigrants from Germany constitute the larg-
est immigrant group in Austria, especially in Vienna. Since SGG is the
most prestigious standard variety of the German speaking countries, a
contact-induced sound change seems natural. Therefore, further investi-
gations to identify a sound change in progress and find out if this sound
change is influenced by SGG will be dealt with in future studies.
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Notes

! The correlation of rhythm and language structure goes back to Donegan &

Stampe (1983).

2 Generally, works discussing SAG lexical entries mostly discuss the differences
between SAG and SGG lexicon; hardly ever do they focus on differences between
SAG and the dialects.

3 Except for the discussion and conclusions part, Fougeron et al. (2003) use the
terms “enchainement” and “resyllabification” synonymously.

4 The boundary is signalled by creaky voice in the vowel. Acoustically, it is
sometimes difficult to detect the exact point in time of the boundary.

5  The results from Bergman (2014) proved that resyllabification is blocked in
SGG. Therefore, the group of SGG speakers only served as a control group and
was thus not balanced for gender or age.

6 The software STx has been used, see http:/www.kfs.oeaw.ac.at

7 In the third context, namely ergriff sie ‘she was grasped’, /z/ is voiceless in
SGG. Contrary to SAG and VD, a process of devoicing has to be assumed in SGG.
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Why do syllable onsets attract consonant(s)?

Nathalie Vallée, Thi Thuy Hien Tran, Paolo Mairano, Silvain Gerber
& Solange Rossato

The present study is carried out in the context of a project whose
primary aim is to define the physical components that could help explain
what makes a syllable. We examine whether phonetic factors can account
for observed universal trends in syllable structure, particularly those that
provide an explanation for the Maximum Onset Principle (MOP). MOP
forms the basis of syllabification theories allocating consonantal segments to
syllable-initial position rather than to syllable-final position. Two theoretical
frameworks can provide a phonetic basis for MOP, namely the Frame/Content
Theory and Articulatory Phonology, but they do not account for it thoroughly.
Consequently, we propose to reconsider the MOP in the light of new articula-
tory data focusing on basic jaw movements, and assume that MOP results
from asymmetric jaw oscillation cycles. Kinematic data were obtained using
a Carsten 2D Electromagnetic Articulograph (AG-200 EMA). Jaw oscillations
were investigated for duration, velocity, amplitude of the opening vs closing
phases, and then statistically analyzed according to different syllable struc-
tures. The results on French and Vietnamese bring out differences between
the opening and closing phases, showing clear duration and velocity asym-
metries. These results are, however, not consistent with previous works on
American-English which can provide a phonetic explanation for MOP, based
on the properties of the jaw cycles.

1. Introduction

Syllables with an asymmetric structure, i.e. syllables with differ-
ent onset and coda structures, are frequently found in the world’s lan-
guages. For example, CV syllables (empty coda), CCVC (complex onset
and simple coda), and VC (empty onset) have an asymmetric struc-
ture. We call this asymmetric syllable structure ‘phonological asym-
metry’ henceforth. The present study attempts to provide an expla-
nation for this cross-language tendency. Providing the link between
phonetic and phonological asymmetries in the structural organiza-
tion of syllables should allow an explanation of the Maximum Onset
Principle (MOP; Kahn 1976; Selkirk 1982; Clements & Keyser 1983;
Goldsmith 1990; Blevins 1995). This universal principle of syllabifi-
cation supports the view that consonants tend to be syllable-initial
rather than syllable-final; consonants tend to be attracted in the
prevocalic position (thus acting as onsets) rather than in the post-
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vocalic position (as codas). MOP is supported by a relatively large
number of empirical observations and is widely used in linguistics,
psycholinguistics, or in natural language processing. From a theoreti-
cal point of view, two frameworks can provide a phonetic base of MOP:
the Frame/Content Theory (MacNeilage 1998, 2008) and Articulatory
Phonology (Browman & Goldstein 1988, 1990, 1995, 2000).

According to the first theoretical framework, the universal
organization of speech is supposed to be a result of jaw oscillation.
Indeed, the Frame/Content Theory suggests that a close link exits
between the universal CV structure and the cycle of jaw movement:
a consonant is produced when the jaw is in a high position whereas
a vowel is made when the jaw is in a low position. The cycle of jaw
movements thus provides the “Frame” while the segments (conso-
nants and vowels) are said to determine the “Content”. The Frame/
Content model also predicts that CV sound combinations favored in
natural languages are similar to children’s productions at the stage
of babbling, irrespective of the language(s) spoken in their linguistic
environment (Davis & MacNeilage 1995, MacNeilage & Davis 2001).
These favored combinations called Pure Frames are produced with
a single cycle of jaw oscillation without front-back movement of the
tongue during consonant-vowel productions. As a result, they are
considered simple to produce with a minimum articulatory cost, what
should explain their overrepresentation cross-linguistically. However,
Rousset (2004), then confirmed by Vallée et al. (2009), showed that the
proportion of Pure Frames among VC sequences found in the lexicon
of 15 languages was significantly higher than the proportion of Pure
Frames among CV syllables. This observation suggested a stronger
articulatory cohesion between vowel and consonant when the latter
is in syllable-final position compared to when it is syllable-initial.
The authors thus interpreted such result as evidence in support of an
onset vs rime syllable structure, as proposed by those phonologists
who argue that syllable structure is rather hierarchical than linear
(among others, Klein 1993).

An unsatisfactory feature of the Frame/Content Theory is that
it does not provide any clear explanation as to why the preferred
structure is consonant-vowel rather than vowel-consonant. Yet the
VC structure matches as perfectly as CV with a single jaw cycle, but
it represents less than 5% of the syllables found in the world’s lan-
guages (Rousset 2004). Another weak point of the Frame/Content
Theory which should be noted, is that the CVC structure is the second
highest syllable type in the languages of the world, and the highest
in some languages (for example, languages of Southeast Asia like
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Nyakhur, Thai, Vietnamese, Wa, etc). This syllable type can still con-
tain Pure Frames in it (in onset-nucleus or in nucleus-coda). However,
Vallée et al. (2009) have found that Pure Frame CVC syllables are
underrepresented in the world’s languages, since consonant place
repetition within a syllable (e.g. /pap/ and /tat/ syllables compared to
/pat/or /tap/) are largely avoided.

According to a different perspective, Articulatory Phonology sug-
gests that jaw has no direct role in syllable production, and is consid-
ered as merely supporting the actions of others articulators, namely,
the lower lip and the tongue. The universal predominance of the CV
structure is explained by natural features of consonants, which are
“in-phase coupling” with the following vowel. Articulatory gestures
for a C and a subsequent V are closely coordinated and compat-
ible with each other without negative mutual interference, because
they are realized thanks to independent articulatory mechanisms
that allow, at the same time, a synchronized trigger of gestures for
C and V. By analyzing gestural overlap, substantially estimated in
the time domain by measures of the C-Center Effect (Browman &
Goldstein 1988), Articulatory Phonology states that CV combination
is “the most stable coupling mode”, and the different intra-syllable
positions which are allowed for C (onset or coda) correspond to dif-
ferent configuration modes of gestures (Browman & Goldstein 1995;
Byrd 1995). Within a syllable, onset and coda consonants show dif-
ferences in the temporal organization of articulatory gestures with
the vowel. Measurements of the time interval between the conso-
nantal target (or the mean of the consonantal targets in the case of
clusters; C-Center) and the vowel target indicate a much tighter and
global coordination with the vowel gesture for prevocalic consonants.
For syllable-final consonants, the gestural coordination is observed
between the first postvocalic-consonant and the vowel. This sug-
gests a global syllable gesture for onsets and a more limited gestural
coordination for codas. In contrast to the Frame/Content Theory, the
syllable corresponds in Articulatory Phonology to “a gestural con-
stellation”, which is the product of several individual actions cor-
responding to coarticulated segments. The favored CV combina-
tions are those for which gestures are most naturally in phase and
therefore stable (Goldstein et al. 2006, Whalen et al. 2011) while the
reverse VC structure seems to require a more local, less cohesive
and less adaptable motor coordination relative to the vocalic gesture.
Moreover, in coda position it is expected that the production of the
consonant, when anticipated, masks the acoustic realization of the
vowel. Consequently, a VC sequence shows much less stability in the
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coordination of gestures and shows no C-Center effect. This fact may
also explain the vulnerability of consonants in syllable-final position,
which are more subject to lenition than consonants in syllable onset.
One question that still remains to be investigated is whether the
higher proportion of Pure Frames within VC syllables compared to
CV syllables can also be explained by the gestural characteristics of
the nucleus-coda coordination.

A possible explanation of this apparent nucleus-coda coarticula-
tion can be deduced from the results obtained by Kelso et al. (1985),
Gracco (1994), Redford (1999) and Redford & van Donkelaar (2008).
Gracco (1994) investigated the opening and closing phases of the
jaw cycles in /sV,CV,/ sequences, with C=/p b m/, V,=/i &/ and V,
=/&/. In Redford’s study, four syllable types (CV/[/, /[IVC, /s/CV/ [I, ] I
VC/s/ where V=/i a u/ and C=/p t k/) were chosen to account for dif-
ferences between the two phases of the jaw cycles in closed syllables
(CVC, CCVC and CVCC). From continuous repetitions of five syl-
lable types (CV, VC, CVC, CCV and VCC), Redford & van Donkelaar
(2008) attempted to demonstrate that the open-close jaw cycles are
consistent with the syllable structure. They were not able, however, to
clarify in what extent the jaw cycles influenced the phonetic realiza-
tion of speech segments and, conversely, in what extent speech seg-
ments constrained jaw movements. Kelso and colleagues’ study was
designed to examine temporal organization of speech by removing as
much as possible the individual characteristics of speech segments
and preserving the prosodic pattern. The spatiotemporal characteris-
tics of CV forms were analyzed from reiterant speech in which normal
syllables of two sentences were replaced by /ba/ or /ma/. They found
differences between the opening and closing phases of the jaw cycles
at the level of duration, velocity and displacement, and linked them to
the dynamic properties of the cycles.

The consistency of results across these four studies with differ-
ent design, may lead to a phonetic explanation for MOP. By seeking
to understand the spatiotemporal organization of speech or seek-
ing to evaluate the impact of biomechanical properties of the jaw on
the articulation of segments, these studies revealed an asymmetry
between the two phases of the jaw cycle: (i) the raising phase (closing)
involves a greater peak of velocity than the lowering phase (opening);
(i1) the opening phase has a greater duration than the closing phase;
(iii) the lowering phase is articulated with a greater displacement
(distance between minimum and maximum opening positions) com-
pared to the raising phase; (iv) the degree of jaw stiffness (estimated
by calculating the slope of the correlation between displacement
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and velocity) is found to be smaller for the opening phase than for
the closing phase. In Gracco’s study, the opening and closing phases
were found to covary suggesting that oral openings and oral closings
are not independent events, as for instance, the covariation found
between the jaw opening velocity (for the vowel) and the subsequent
closing velocity (for the consonant). Furthermore, Gracco suggested
that oral closing depends on oral opening, by the fact that the faster
the opening the faster is the closing. A possible explanation given by
Gracco is that the oral opening, associated with the vocalic sound, is
generally slower because it is involved in shaping resonance and pro-
viding the correct VOT, while the closing must be faster to integrate
the laryngeal and supralaryngeal combined adjustments.

Following the findings of these previous studies, we assume that
if these asymmetries in the properties of the jaw cycle were confirmed
in a large amount of languages, then they could be said to account for
several tendencies found in the world’s languages (see, among others,
Rousset 2004): (i) CV rather than VC as the universal canonical syl-
lable; (ii) strong preference for syllable-initial clusters over syllable-
final clusters; (iii) complex consonants (e.g. prenasalized, labialized,
clicks, affricates, doubly-articulated stops, palatalization) uncommon
in coda position; (iv) larger proportion of Pure Frames in nucleus-coda
sequences (rime) than in onset-nucleus sequences; (v) cross-linguisti-
cally, reduction in the size of phoneme inventories and predominance of
consonant lenitions in syllable-final position (constraints on features).

The purpose of the current study is to evaluate whether the jaw
cycle plays a role in the understanding of the physical nature of sylla-
bles. While previous works (cited above) focused mainly on American
English, our ongoing study involves a broader multilingual perspec-
tive (French, Polish, Brazilian Portuguese, Ruwund, Tachelhit, and
Vietnamese) to find out features of the jaw cycle that could provide a
phonetic basis for MOP. The selected languages show various degrees
of complexity in their syllable structures and consonant realizations,
as well as differences in coda lenition processes and phonological
restrictions on codas.

In this paper, we present the first results obtained for an inves-
tigation of French and Vietnamese speech. Although only reiter-
ant speech productions of VV sequences are analyzed to date for
Vietnamese, the reason why we opted first to compare these two lan-
guages needs clarification. Vietnamese is traditionally described as a
monosyllabic tone language (Poan 1999). Much dissimilarity between
French and Vietnamese refer to their lexical and syllabic structures
(Tran, 2011). The Vietnamese syllable types are captured by the pat-
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tern C1(w)V(C2), the brackets indicating the optional constituents.
This pattern implies that the glottal stop which always appears in
onset position is phonemic, according to Poan (1999). Syllabic structure
diversity is much more present in French, due to the fact that complex
onsets and codas are allowed (C1)(C2)(C3)V(C4)(C5)(C6)(CT7) (Rousset,
2004). The most favored syllable types in both languages are CVC and
CV. But Vietnamese is predominantly a CVC language while French
is mostly a CV language. Like other Southeast-Asian languages,
Vietnamese is typologically an isolating CVC language. Therefore, in
contrast to French, Vietnamese favors a symmetrical syllable structure
and disallows complexity in onset and coda positions.

2. Methodology

2.1. Experimental setup

Tongue, jaw, and lip movements were recorded during a speech
production task using the electromagnetic articulography system
(EMA) AG200 developed by Carstens® The acquisition in 2D was
conducted at a frequency of 200 Hz, thanks to five coils attached to
the articulators (jaw, lower lip, upper lip, tongue tip and tongue body),
and two reference coils (attached on the bridge of the nose where the
skin movement is minimal and above the upper central incisors) for
aligning head movements on the mid-sagittal plane of the subject.

The acoustic signal was recorded via a digital Marantz PMD670
stereo recorder and a directional microphone AKG C1000S, and sub-
sequently digitized at 44.1 kHz.

2.2. Corpus and participants

The preliminary results presented in this paper come from five
repetitions of three pseudowords pronounced at a normal speech rate
by French speakers:

e /aiaiaiaiai/ (5 jaw cycles)
e /tataltat/ (3 jaw cycles)
e /sasalsas/ (3 jaw cycles)

Regarding Vietnamese, the first results presented here are
Vietnamese speakers.

These data were extracted from a larger corpus containing other
pseudowords and other structures: CV.LVC, CLV.CVLC, CLV.CVCL,
CLV.CLVC; C=/p b t d s z/, L=/1/, V=/i a/; the point represents a syl-
lable boundary, and a list of sentences. For Vietnamese, the pseudow-
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ords were monosyllabic sequences C,V and C,VC,, with C;=/btd s z/,
Cy,=/p t/ (only /p/ and /t/ are used as coda consonants in Vietnamese),
V=/i a/ and modal tone B1-D1.

Pseudowords were used in this study because they provide the
possibility to avoid as much as possible the influence of both lexi-
cal knowledge (frequency or familiarity) and semantic processing.
Pseudowords were also used to control phoneme distribution, and
smooth any contextual effects in the production of sound sequences.
We varied the vowel to explore the effect of the degree of opening on
jaw cycle. The consonants are the same that those used in the previ-
ous studies cited above. We analyzed firstly alveolar obstruents /t s/
because they share the highest jaw position, and show the greatest
vertical displacements of the jaw when coarticulated with low vowels.

Five female native-speakers of French (CC, EB, LV, ML, SB)
aged from 20 to 43 and five female native-speakers of Vietnamese
aged from 28 to 35 and coming from Northern Vietnam (HOA, LINH,
THANH, HOAI, HUONG) participated in the experiment. The pseu-
dowords were presented one by one on a normal screen placed in front
of the speakers. Five repetitions of each trisyllabic pseudoword plus
were presented in a random order and in two separated blocks.

Instructions given to the participants before the recording ses-
sions began were to produce each item at a normal speaking rate and
before the recording sessions by asking them to pronounce the /aiai-
aiaiai/ sequence once and then they were trained with 10 pseudow-
ords (2 for each structure; with C=/f m k/, L=/R/, V=/a i/,) presented
in a random order. Participants were shown the pseudowords on a
computer screen one at a time using a powerpoint presentation with
approximately 500ms intervals between slides (presentation was run
manually by the experimenter).

The first results presented below are based on 50 CV.CVL.
CVC tokens (2 pseudowords * 5 repetitions * 5 speakers) and 50

garded because pronounced [ajajajaja(j)] with a palatal glide instead
of the high vowel expected.

2.3. Measures

Using semi-automatic segmentation with EasyAlign and Praat,
the pseudowords were extracted and labeled with Trap v.6, a tool
developed in GIPSA-lab by C. Savariaux in the Matlab® environment.
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The following parameters were measured:

duration of the opening phase (corresponding to jaw lowering)
and of the closing phase (corresponding to jaw raising), measured
between successive maximum and minimum of the jaw trajectory
(vertical component); these values were obtained by detecting the
zero-crossing points on the velocity curve;

peak velocity and average velocity of each phase;

amplitude of each phase, which corresponds to the vertical dis-
placement of the jaw, estimated between successive maxima of jaw
opening and jaw closing.

2.4. Statistical Analysis

Our goal is to study variations in the response variables (dura-
tion, velocity and amplitude of each phase of the jaw cycle) as a func-
tion of syllable structure (CV, CVL, CVC, and the sequence of 10 vow-
as a function of language (French, Vietnamese).

Because our set of data contains repeated measurements made
on the same speaker, we opted for linear mixed-effects models, and in
order to respect the hypothesis according to which the residues fol-
low a normal rule (condition for the application of mixed models), we
chose to transform the response variable in its logarithm (In, natural
logarithm), thus:

logYijkl= B+ oy + B+ (af)g + i+ Eijkl

in which:

Yy is the j*™ value of subject i taken by the response variable for
modality k of factor A (syllable type), and 1 of factor B (language);

oy: is the effect of modality k of factor A on the response variable;

B,: is the effect of modality 1 of factor B on the response variable;
(ap)i: is the effect of the interaction of modality k of factor A, and
modality 1 of factor B, on the response variable;

1;: is the random effect of subject i on the response variable. follows
a normal distribution in which is the response variable between the
subjects.

g;a: represents the error term and follows a normal distribution.
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To analyze differences between the two modalities (i.e. opening
vs closing phases), the method of Hothorn et al. (2008) was applied
in each modality of the syllable type and language, which allowed
us to carry out multiple comparisons of means with the mixed model
by ensuring that the risk of the first type related to all simultaneous
decision making does not exceed the limit fixed in advance at 5% by
adjusting the p-values. The method was applied to the data with the
function glht of the package multcomp of the software R as well as
the function lIsmeans of the package lsmeans.

3. Results

3.1. Duration
The multiple comparisons of the average durations between the

opening phase and the closing phase for each of the three jaw cycles
found in the pseudowords CV.CVL.CVC (C={/t/, /s/}, V=/a/) and the
between the two phases, whereby closing is longer than opening (see
Table 1, and Figures 1 and 2). An exception is found in the realiza-
tion of the initial syllable /ta/.(t), for which the mean value of open-
ing duration is 7ms greater than the value for closing. However, this
difference is not significant. For this syllable, different patterns were
observed among the five speakers (see Figure 3 for details), which
explain the small and insignificant difference between the mean
duration of the two phases.

Table 1. Estimations of mean differences (calculated after log-transformation
from the linear model) between closing phase duration (C) and opening phase
standard deviation of the differences, the value of the statistics, and the p-value.
In brackets are the onsets of the subsequent syllables.

EsTIMATE STD. ERROR 7 P

C-0O | iai 0.21906 0.04275 5.125 < 0.001 sk
C-0O | sa.(s) 0.22734 0.06759 3.364 0.00537 **
C-0O | sal 0.47024 0.06759 6.957 < 0.001 #¥*
C-O | sas 0.46185 0.06759 6.833 < 0.001 #**
C-O | ta.(t) -0.06164 0.06610 -0.932 0.95156

C-O | tal 0.31084 0.06610 4.702 < 0.001 #**
C-O | tat 0.50349 0.06610 7.617 < 0.001 #**
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Figure 1. Estimation
of average durations
of opening and closing
phases (log-transformed
from the linear model)
for each syllable type
and /iai/ sequences.
Closings are generally
longer than openings.
Least-Squares Mean
is the mean estimated
from the linear model.

Figure 2. Point estima-
tion of mean difference
(from log-transforma-
tion) between closing
phase (C) and opening
phase durations (O) and
95% confidence inter-
vals as a function of
sequence type. Note that
if the confidence inter-
val includes zero, then
the difference is not
significant. Intervals are
centered on the mean
difference values, and
their widths depend on
variances and sizes. The
wider the interval is, the
more variability in the
sample, the less accu-
rate the estimate of the
mean difference.
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As can be seen in Figure 1, the raising of the jaw is of longer
duration in the case of closed syllables. Against all odds, the long-
est phase durations (opening as well as closing) are observed in /iai/
sequences, perhaps because only vowels occur in the succession which
requires more than one syllable gestures (in the sense of Articulatory
Phonology). The comparison between jaw-closing phase durations
of /iai/ sequences and that of open CV syllables indicates a shorter
closing movement when the following segment is a syllable-initial
consonant. The mean durations of jaw-opening phases exhibit less
variation than closing phases according to syllable types. A lengthen-
ing effect in the pseudoword-final, most probably due to the French
iambic accentual pattern, is only observed for the jaw-closing phase
towards the alveolar plosive (/tat/).

Figure 2 shows the mean duration differences between the clos-
ing and the opening phases. Only for /ta/.(t) the difference is not sig-
nificant. For the other sequences, the closing-to-opening ratio is posi-
tive; for the /iai/ sequence, the confidence interval is smaller, indicat-
ing less variability and therefore a more stable production compared
to the other sequences.

Phase duration differences are in general smaller for the open
syllables /ta/.(t) and /sa/.(s) than for the CVC types (Figure 3). Closing
durations are longer for syllables with an offset consonant (on aver-
age 170ms vs 126ms). With the exception of /ta/.(t), the closing phase
is thus consistently longer than the opening phase in the production
of French speakers, regardless of syllable structure, type of the con-
sonant, and position in the pseudowords (see Figure 3). Just a slight
trend towards the reverse pattern (the opening phase being longer
than the closing phase) is observed with ML speaker for /tal/. This
unexpected result is not consistent with those of previous studies and
especially as in CVC syllables initial C are most often longer than
final C (Gracco, 1994; Redford, 1999).

The two phases of the jaw cycle were not related in their timing
since no correlations were found between the opening and closing
durations.
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Figure 3. Mean durations of jaw-opening and jaw-closing phases according to syllable
types, French female speakers, and both alveolar consonants /t/ and /s/.

3.2. Velocity

As in the case of duration (§3.1), velocity measurements of basic
jaw movements reveal an asymmetric pattern. Measurements of the
average velocity of opening and closing phases are in most cases sig-
nificantly different (Table 2, Figure 4), with a faster opening and a
slower closing (Figure 5). Only the initial open syllable /ta/.(t) does
not follow this pattern showing similar average velocity for the two
phases; the confidence interval in Figure 5 also indicates a large vari-
ability for this type of structure. Again, the smallest confidence inter-
val is observed for /iai/ which is consistent with a more stable produc-
tion pattern for this type of sequence compared to the others (Kelso
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Table 2. Estimations of mean differences (calculated after log-transformation)
between closing phase velocity (C) and opening phase velocity (O) for all the jaw

tion of the differences, the value of the statistics and the p-value.

EsTIMATE StD. ERROR 7 P
C-0O | iai -0.14975 0.05811 -2.577 0.06772
C-0O | sa.(s) -0.26517 0.08620 -3.076 0.01458 *
C-O | sal -0.59029 0.08620 -6.848 < 0.001%**
C-0O | sas -0.44852 0.08620 -5.203 < 0.001%**
C-0O | ta.(t) 0.02152 0.29353 0.073 1.00000
C-O | tal -0.38905 0.08431 -4.615 < 0.001%**
C-O | tat -0.33608 0.08431 -3.986 < 0.001%%*

et al. 1985). Differences between opening and closing are more
important for the other syllables, and especially for CVL structures
(/tal/, /tat/, /sa/.(s), /sal/ and /sas/).

Looking then at cross-individual variability (Figures 6 and 7), it
can be shown that for the /ta/.(t) sequence, two speakers (ML and SB)
have an inverse jaw velocity pattern (closing phase faster than open-
ing) compared to the other speakers, while for the /tat/ sequence, only

Figure 4. Estimations
of the average veloci-
ty (log-transformed)
of jaw-opening and
jaw-closing phases as
a function of sequence
type. Except for /ta/.(t),
the opening phases are
faster than the closing
phases.
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include zero, then the differen-
ce is not significant.
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one speaker (SB) has a slightly faster closing phase (Figure 6). The
results for velocity peaks follow the patterns described for the aver-
age velocities. There were however no cross-individual differences for
/s/-initial sequences (Figure 7).

For three of the speakers (CC, EB and LV), we found a statisti-
cally significant (p < .05) positive correlation between opening average
velocity and closing average velocity (Figure 8), as well as between
opening peak velocity and closing peak velocity for the sequence types
(CV, CVL, CVC(C). This trend was not observed for the two speakers who
showed a reversed velocity pattern for the initial syllable /ta/.(t): we
found a weak positive correlation for ML and a negative correlation for
SB, but statistically insignificant in the two cases (p > .05). When /ta/.(t)
sequences were removed from the calculation, a statistically significant
positive correlation was found between opening average velocity and
closing average velocity for ML (r = .45, p < .05) but not for SB (r = .27,
p > .05); the same observations were made for the velocity peaks.

r scores were positive, statistically significant and on average higher
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Figure 8. Correlations between jaw-opening and jaw-closing average velocities for
each female speaker of French.

than for the other sequences (r > .73, p < .05). This result therefore
suggests a more stable velocity pattern in the production of the vowel
sequences.

For all the sequence types, the correlations suggest a relation-
ship between closing phase velocity and opening phase velocity: the
faster the opening the faster is the closing.

3.3. Amplitude

The amplitude, estimated as the vertical displacement of the jaw,
shows no regular difference pattern between the opening and closing
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Figure 9. Estimation of
average amplitudes of
opening and closing pha-
ses (log-transformed from
the linear model) across
sequence types.

Least-squares mean of AMPLITUDE
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phases of the jaw cycles (Figure 9). Figure 10 shows that the differ-
ences in the average amplitudes between jaw-opening and jaw-closing
phases are not significant for all the sequence types. When the speak-
ers are individually analyzed, no consistency is observed between
the differences of phase amplitudes. The same observation was made
by Redford (1999) for CVC syllables. This result suggests that the
amplitude values depend both on the segments and on the syllable
structure types, but more data need to be analyzed to confirm this
observation. Across speakers, however, there is a strong positive cor-
relation between jaw-opening and jaw-closing amplitudes in the pro-
ductions of /tataltat/ and /sasalsas/ sequences (CC:r = .98, EB: r = .96,
LV:r = .88, ML: r = .87, SB: r = .65; for all p < .05), as well as in the
production of the/aiaiaiaiai/ sequences (CC: r = .97, LV: r = .83, ML: r
=.88,SB: r =.73; for all p < .05 and EB: r = .70, p = .05). The greater
the displacement in opening phase the greater is the displacement in
closing phase.

149



Nathalie Vallée et al.

: Figure 10. Point estimation
. : of mean amplitude (from log-
C-0O|iai ) transformation) between closing
' phase (C) and opening phase
&6 1 i i durations (O), and the 95% con-
-O|sa(s) ¥ T 7 fidence intervals for each type
i of jaw cycle. No differences are
C-0 | sal - { - :r } signiﬁcant.
C-0O|sas { o )
C-0|ta(t) - { . )
C-Oftal o ¢ —i )
C-O|tat — . )
| T f T |
-04 -0.2 0.0 0.2 04
difference

3.4. French-Vietnamese comparison

The cross-linguistic comparison only deals with the sequence
/aiaiaiaiai/. The overall results of the Vietnamese speakers are simi-
lar to those of the French ones. The opening phases are shorter, and
with lower amplitude than the closing phases (Figures 11). As for
French, differences in durations and average velocities between jaw
closing and jaw opening phases are significant (see Table 3 below).

Table 3. Estimations of mean differences of duration, average velocity, and ampli-
tude (calculated after log-transformation) between closing phase (C) and opening
the Vietnamese speakers, with the standard deviation of the differences, the value
of the statistics and the p-value.

LANGUAGE EsTiMATE STD. ERROR 74 P
Duration | C-O | Fr 0.21906 0.03722 5.886 < 0.001 ek
C-O | Vn 0.16144 0.03067 5.264 < 0.001 #**
Velocity C-O | Fr -0.14322 0.05726 -2.501 0.0246 *
C-O | Vn -0.11455 0.04415 -2.594 0.0189 *
Amplitude | C-O | Fr -0.00005 6.297e-02 -0.001 1.000
C-O | Vn 0.0444 5.142e-02 0.864 0.625
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as a function of language.

4. Conclusion

The cross-language preference for syllable-initial over sylla-
ble-final consonants in speech, commonly known as the Maximum
Onset Principle, is not clearly understood. The present study is
part of an ongoing broader multilingual research undertaken to
attempt to provide a phonetic basis for MOP. The relationship
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between syllable structures and basic open-close jaw movements
were investigated within the framework of the Frame/Content
Theory and following the findings of several previous studies in
which asymmetric patterns in jaw oscillation cycles were observed.
We have presented here the preliminary results obtained for
French and Vietnamese.

For the two languages, our preliminary results confirm that
there are asymmetries in the jaw cycle, with the opening phase
(corresponding to the lowering of the jaw) generally shorter, faster,
and with smaller amplitude than the closing phase (correspond-
ing to the raising of the jaw). A few changes related to the context
(stop vs fricative vs lateral, open vs closed syllables, pseudoword-
initial vs final positions) were observed for duration and velocity,
but they did not change the pattern of asymmetries. Measurements
of the vowel sequences /aiaiaiaiai/ revealed a greater stability of
the jaw cycles and stable patterns of asymmetry between the two
phases for the duration, velocity, and amplitude parameters, most
probably related to the reiteration of successive elements in the
sequence (Kelso et al. 1985).

Although insignificant statistically, closing phases were found
with smaller amplitude for the pseudoword-final syllables, which
can be explained by the articulatory release observed in word end-
ings. Several studies have shown that word-initial consonants have
a stronger articulation than word-final consonants (for a review see
Fougeron 1999; Krakow 1999). The latter are produced with less
lingual contact and less linguopalatal pressure (Keating et al. 1999,
Browman & Goldstein 1995). This word-edge effect in consonant
articulation, and more specifically in the peaks of lingual gestures,
was much larger for certain consonants and among them /t/, while
for others, including /s/, only differences in acoustic duration were
observed showing a greater duration for word-initial consonants.
From these findings and since jaw supports the action of the tongue,
we can expect an effect of word edge on jaw amplitude. However, we
need more data to confirm this.

Following Gracco’s suggestion that oral opening and oral clos-
ing are not independent actions, we calculated the correlations
between the jaw opening phase and the subsequent closing phase for
the duration, velocity, and amplitude parameters for each speaker.
No correlations were found, in our study, between the opening and
closing durations of the jaw by the fact that closing durations are
different according to the syllable type and are linked to the pres-
ence of an offset consonant. Phase duration differences between
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opening and closing phases are in general smaller for open syllables.
This result was expected since in CV types a single consonant (cor-
responding to the onset of the subsequent syllable) was articulated
during the oral closing-opening movements while in CVC types two
heterosyllabic consonants or a single pseudoword-final consonant
(with a final lengthening) were articulated. Therefore, from our
data, durations of the jaw closing phases seem linked to the syl-
lable types (open vs closed). However, Redford & van Donkelaar
(2008) found a lengthening of closing phases when a subsequent
CC consonant sequence occurred as an onset (as in V.CCV) rather
than as heterosyllabic (as in VC.CV), but this result was not easy
to understand for the authors. The lack of correlation for durations
of the two phases, observed in our data, is consistent with Gracco’s
observation that there were no influences of the opening durations
on the closing durations of the jaw cycles. In Redford (1999), differ-
ent patterns of duration in CVC syllable types were observed due
to individual differences interpreted at a suprasegmental level (i.e.
phrase final lengthening).

For all sequence types, positive correlations were found across
speakers between jaw-opening and jaw closing velocities (averages
or peaks) and between jaw-opening and jaw-closing amplitudes (dis-
placements). The correlations, with coefficients ranging from r =
0.73 to r = 0.98, suggest that the two phases of the jaw cycles are
strongly related following two tendencies: (1) the faster the open-
ing the faster is the closing; (2) the greater the displacement in the
opening phase the greater is the displacement in the closing phase.
The fact that these tendencies were consistent across syllable types
and across consonant types suggests that they are not necessar-
ily related to the segmental phonological content. These results are
consistent with those of Gracco (1994) who concluded that “[...] oral
opening and oral closing are not independent events. Rather, oral
closing actions are dependent on characteristics of the preceding
oral opening action” (p. 16). He suggested that these findings came
from biomechanical influences (i.e. muscle activity, tissue elasticity)
on oral opening and oral closing movements of speech motor actions.

However, the asymmetrical patterns in the jaw cycle observed
in our data with an opening phase generally shorter, faster, and
with smaller amplitude than the closing phase contradict the previ-
ous works on American English conducted by Kelso et al. (1985),
Gracco (1994), Redford (1999), Redford & van Donkelaar (2008). As
mentioned in the introduction, these authors pointed out a reverse
pattern, namely a longer, slower, and wider opening phase that was
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assumed to be the result of basic biomechanical properties of the jaw
(lowering and raising are not subject to the same constraints). In our
study, only the pseudoword-initial sequence /ta/.(t) shows an inverse
pattern for both duration and velocity factors in the speech of the two
French speakers ML and SB, but statistically insignificant.

This surprising result is not easy to understand. In the intro-
duction, we suggested that consistent patterns of the jaw cycles
showing longer and slower opening phases with greater displace-
ments than the closing phases can support the hypothesis of a
phonetic basis for MOP by the fact that longer opening and shorter
closing durations can better accommodate the articulation of onsets
(Gracco 1994). Such asymmetrical open-close movement of the jaw
can account for the cross language preferences in syllable types
for initial consonants or clusters over final consonants or clus-
ters (also suggested by Redford 1999), as well as the preference
for initial complex consonants over final complex consonants, and
the larger proportion of Pure Frames in VC (and in vowel-coda of
CVC) compared to CV structure. The reverse asymmetric pattern
observed in our data is inconsistent with this reasoning. Thus a
question to be solved in the future is why are jaw cycle patterns for
French and Vietnamese speech exactly opposite to those observed
for American English? The consistent pattern across French and
Vietnamese excludes for the moment any explanations related to
the basic syllable structure of the two languages: French is mostly
a CV language while Vietnamese is mostly a CVC. Moreover and
in contrast to French, Vietnamese disallows complexity in onset
as in coda positions. However, it shows the asymmetrical pattern.
Consequently and unlike our first hypothesis, the influence of the
characteristics of the jaw cycle on syllable structure (as highlighted
by the Frame/Content Theory) is not clarified here and requires fur-
ther investigation.

However, in our study, the observed asymmetries in duration,
velocity and, to a lesser extent (since no significant differences were
found), amplitude of jaw cycles are in line with the assumption of
Articulatory Phonology that vowels show different phasing pat-
terns with onset and coda consonants. Indeed, a shorter period of
time between the point of maximum jaw closing (consonant target)
and the point of maximum jaw opening (vowel target) is consist-
ent with a closer phasing of onset-consonant and vowel (in-phase
relationship), and also with a high degree of coarticulation, or a syn-
chronous temporal overlap, between C and V gestures. On the other
side, a longer and slower jaw closing movement is compatible with a
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loose coupling between the nucleus and the following consonant(s).
According to Articulatory Phonology, vowels and offset consonants
are more time-independent (even in an anti-phase relation), and
only the left-edge of a coda is phased with the vowel nucleus, mak-
ing a coda more variable than an onset (Browman & Goldstein 1988,
1995; Byrd 1995). Within a short time interval it is obvious that
intergestural phasing relations are stronger than within a longer
time interval. In line with this reasoning, it is not clear how the
reverse asymmetric pattern of jaw cycles observed in previous works
on American English can be consistent with the basic AP predic-
tions. Gracco (1994) suggested that onset consonants required oral
opening and oral closing actions: the lengthening of the opening
was helpful for VOT while the shortening of the closing phase sup-
ported a tight coordination between laryngeal and supralaryngeal
movements. However, this explanation does not appear to account
for our findings on French and Vietnamese. It is also inconsistent
with Redford & van Donkelaar findings about V.CCV and VC.CV
sequences: an unexpected lengthening of the jaw closing phase was
observed in the V.CCV sequences. Further works will be required to
clearly address this issue.

Results from the present study on jaw-opening and jaw-closing
movements in French and Vietnamese speech which show opposite
patterns to those observed in previous studies on American English
encourage us to continue our multi-speaker and multi-language
investigations, and to compare the current results with new data
from native speakers of American English. The next step will be to
investigate timing relations among lip, tongue and jaw movements,
in relation with syllable boundary.
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