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Chapter 1

Introduction
Sometimes, when invited to visit the Baby Speech Lab, parents react surprised, pointing out that their child is but a few months old and thus too
young to be of interest for our investigations since (s)he does not speak yet.
However, when young children start to speak their first words, the process
of language acquisition has been going on for quite a while. Before they
produce the sounds and sound sequences their mother tongue is made up of,
they have already gathered a remarkable knowledge about those particular
sounds and sound sequences just by listening to others’ linguistic utterances.
Thus, a first important task young language learners have to accomplish is
to pay close attention to the input they get from others and to extract information that helps figuring out how the ambient language conveys meaning.
Although infants cannot directly tell us what they know about their language, there are other ways of bringing their linguistic skills to light. The
present thesis focuses on these early steps of language acquisition and follows
the development of speech perception in infants’ first and at the beginning
of their second year of life.
A key issue in the process of first language acquisition is to identify
which sounds the native phoneme repertoire comprises and which kinds of
variation are less important. Children acquiring German, for example, have
to become aware that it makes a diﬀerence whether something is pronounced
[ö] or [l], as in the minimal pair Reise ‘journey’ – leise ‘quiet’. The situation
is diﬀerent in Japanese, where the two sounds are not used to distinguish
meaning. Thus, infants acquiring Japanese do not have to pay attention
to this contrast, leading to the well-known r/l-confusion in adult native
speakers of Japanese learning a second language like German or English.
Besides the r/l-contrast, German infants have to learn that the meaning
1
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remains the same irrespective of whether the first consonant in Reise is
pronounced at the back of the mouth as a dorsal trill [ö] or fricative [K], or
at the front with the tip of the tongue as an alveolar trill [r]. German as well
as English infants have to learn that [s] diﬀers from [f] (e.g., lustig ‘funny’
– luftig ‘airy’; seal – feel ), but only English ones need to distinguish [s] and
[T] (e.g., sink – think ) whereas German but not English children must know
the diﬀerence between [u] and [y] (e.g., Spuren ‘traces’ – spüren ‘to feel’).
These are only a few examples. It is estimated that there are about
800 diﬀerent speech sounds in the languages of the world – around 600
consonants and 200 vowels (cf. Ladefoged 2005). However, each individual
language uses only a subset of these sounds. Standard German (StG; henceforth also referred to simply as ‘German’) and Swiss German (SwG), for
instance, have phoneme inventories of approximately two dozen consonants,
respectively. Regarding language acquisition, there is an ongoing debate
on how children come to know which sounds are relevant in their native
language. Previous studies on the early perception of consonant contrasts
have shown that in their first few months, infants can distinguish more contrasts than present in their native language, implying that, from a linguistic
point of view, all children start life on equal conditions, able to acquire any
language as their mother tongue. Gradually they learn which sounds are
contrasted systematically in the ambient language. After about 8 months,
the initial universal perception skill decreases. From the age of about 10
months onwards, infants seem to pay more attention to the contrasts that
are relevant in the language they are acquiring. Thus, during the first year
of life, infants undergo a developmental change from having very broad perceptive capacities to a specialisation, a kind of ‘tuning in’, on the distinctive
contrasts of their mother tongue. They learn to classify sounds according
to the phoneme categories of the language they are exposed to.
A simplified description of this so-called ‘perceptual reorganisation’ suggests that in their first 6 to 8 months, infants are able to discriminate all
speech sound contrasts, irrespective of their relevance in the mother tongue.
Around the age of 12 months only those speech sounds are discriminated
that play a role in the native phoneme inventory whereas sound contrasts
without phonemic relevance are distinguished no longer (e.g., Werker & Tees
1984). Although the principal claim that perception changes from a universal to a language-specific one seems to be correct, it has become apparent
that infants’ perception of phonetic contrasts is more complex than the reduction process described above. First of all, the assumptions are based on
the examination of consonant contrasts. For vowels, a similar development
could be observed, yet sometimes with a diﬀerent timeline, suggesting even
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faster reorganisation to language-specific perception already at 6 months of
age (e.g., Kuhl et al. 1992; Polka & Werker 1994). Secondly, it has been
shown that not all non-native contrasts are indistinguishable after the first
year of life. Some contrasts are reliably discriminated by children older than
12 months and by adults, although the sounds in question are not contrasted
phonemically in their mother tongue (e.g., Best et al. 1988). Furthermore,
although infants in their first months of life are ascribed extraordinary perception skills exceeding adults’ perceptual abilities, it was demonstrated
that not all contrasts are discriminated equally well at the beginning and
that the discriminative capacity may be improved with a certain amount
of linguistic experience (e.g., Polka et al. 2001; Narayan et al. 2010). In
addition, the relation between the phonetic properties of a given non-native
contrast and the respective native phoneme categories seems to aﬀect the
discriminability of that contrast (e.g., Best et al. 2001; Best & McRoberts
2003). Thus, infants’ perceptual development during the first year of life
should not be described as a simple reduction ‘from all to native contrasts
only’. Rather, it requires a diﬀerentiated inspection that takes the phonetic
and phonological properties of the involved languages into account. As a
point of departure, discriminability of a contrast may vary on a scale between clear distinctiveness on the one hand, resulting in early very robust
discrimination, and minimal distinctiveness on the other hand, making the
contrast hard to perceive. There are also several options how the perception
of a contrast may evolve in the course of time. Discriminability may be
facilitated, leading to an improved distinction at the end of the first year.
Alternatively, it can be reduced, so that a contrast is completely ignored
around 12 months. Finally, discriminability may not change at all, maintaining the initial level of discriminability also later in life. Although some
findings seem to be valid cross-linguistically, the way in which a particular
contrast develops cannot be described universally but has to be determined
language-specifically.
The present work contributes to this debate of how infants come to
know their required phoneme repertoire by examining the early perception
of sound contrasts in German and Swiss German – two languages which
are closely related yet typologically diﬀerent with regard to their phoneme
inventories. The focus is put on infants’ perception of stop contrasts. Both
the German and the Swiss German consonant inventories comprise two series of stops, orthographically represented as <b, d, g> on the one hand and
<p, t, k> on the other hand. However, the contrasts diﬀer in their phonetic implementation as well as in their phonological representation. The
German stop system exhibits a contrast between voiceless unaspirated stops
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and voiceless aspirated stops (e.g., Jessen 1998). The aperture between the
vocal folds and their level of tension are distinctive in the realisation of the
contrast, which therefore is referred to as a laryngeal contrast. It is assumed
to be phonologically represented by means of distinctive features. In Swiss
German, laryngeal configurations are not applied contrastively. Instead, the
duration of oral obstruction during stop production is distinctive. Therefore, the Swiss German distinction is called a length contrast, in which short
stops, so-called ‘singletons’ are opposed to long stops, so-called ‘geminates’.
The phonological representation of the contrast is suggested to take place
on a suprasegmental level, without reference to distinctive features. While
laryngeal contrasts are very common in the languages of the world, the Swiss
German stop system is rather unique in the West Germanic languages and
rare also in a broader context, as Lahiri & Kraehenmann (2004:18f.) note:
“None of the ‘standard’ dialects of the modern West Germanic languages maintain an underlying contrast in length for both consonants
and vowels. In Dutch, English, and German, vowel quantity distinction
is maintained, but not consonant length. In dialects of Swiss German
like Thurgovian, however, both consonant and vowel quantity coexist
[. . . ]. [T]he medial [consonant] contrast is a fairly robust one in many
languages. What is diﬀerent about Thurgovian is, of course, the fact
that it has a geminate/singleton contrast also in both initial and final
position.”

With respect to the acquisition of stops, German and Swiss German children
thus have a diﬀerent task to accomplish. German children have to learn that
laryngeal properties in the speech signal matter to make a contrast between
two classes of stops, whereas Swiss German children have to learn to pay
attention to diﬀerences in the length of two classes of stops instead. There
are quite some studies on infants’ perception of laryngeal contrasts, though
mostly examining infants from an English language background (e.g., Eimas
et al. 1971; Aslin et al. 1981; Rivera-Gaxiola et al. 2005; Conboy et al. 2008).
There is no evidence as yet, demonstrating that German infants’ perception
of stop contrasts develops along the same lines. Regarding infants’ perception of duration contrasts, there are some insights, for example, into infants
acquiring English (e.g., Cohen et al. 1992) or Finnish (e.g., Richardson et al.
2003). Yet, overall, studies on the early perception of length contrasts in
stops – both as native and as non-native contrasts – are more scarce than the
literature on laryngeal contrasts. In particular, no studies are known that
examine infants’ perception of Swiss German stop contrasts. The present
thesis aims to fill these gaps. Firstly, German infants’ perception of both
a native laryngeal stop contrast and a non-native length contrast will be
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examined. Secondly, data on Swiss German infants’ perception of the same
contrasts will provide some first insights into the perception of (a) a nonnative laryngeal contrast by infants whose mother tongue lacks a laryngeal
contrast and (b) a native singleton/geminate contrast. Accordingly, the
present work allows to determine the developmental paths for the German
laryngeal contrast and the Swiss German length contrast, both from the
perspective of native contrast acquisition as well as concerning non-native
contrast perception. By comparing the German to the Swiss German stop
contrast, the present work does not only examine two diﬀerent consonant
contrasts, but also two diﬀerent types of contrast. The laryngeal and the
length contrast diﬀer both in their phonetic properties as well as in the way
in which they are assumed to be represented phonologically. Therefore, it
may be expected that the acquisition of laryngeal contrasts on the one hand
and length contrasts on the other hand show diﬀerent developmental paths.
Although the focus on two languages only is too narrow to draw final conclusions, the insights gathered here provide an initial basis for future research
into typological regularities in infants’ perception of cues in the speech signal
other than place and manner of articulation.

1.1

Terminological Conventions

In order to avoid confusion, some clarifying remarks concerning the terminology shall be made. In the present work, the term ‘phonetic’ is intended to
refer to concrete measurable, acoustic or articulatory aspects of the speech
signal. ‘Phonemic’, in contrast, refers to the abstract phonological concept
of the phoneme, the smallest distinctive segmental unit in a language.
Stop contrasts in German and Swiss German are at the centre of the
present thesis. As indicated above, both languages display a two-way contrast between <b, d, g> and <p, t, k> in their respective stop system. A
source of repeated confusion lies in the labels ‘voiced’ and ‘voiceless’ which
are often applied to describe such two-way contrasts. From a phonetic point
of view neither German nor Swiss German opposes voiced to voiceless stops.
Chapter 2 reveals that German has a contrast between voiceless unaspirated
and voiceless aspirated stops whereas Swiss German distinguishes singletons
and geminates. A contrast between phonetically voiced and voiceless stops
is found, for example, in French or in Dutch. Thus, the terms ‘voiced’ and
‘voiceless’ might be used as abstract phonological labels which do not necessarily refer to the phonetic correlates of the given phones. In order to avoid
confusion about whether the terms ‘voiced’ and ‘voiceless’ refer to the pho-
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netic reality or rather to abstract phonological conceptions, the more neutral
terms ‘lax’ and ‘tense’ will be used when speaking about the two stop series.
In other words, ‘lax’ is used as a phonetically non-specific term to refer to
(a) the voiced members of a contrast in languages that oppose phonetically
voiced to phonetically voiceless stops (e.g., French), (b) the voiceless unaspirated members of a contrast in languages that oppose voiceless unaspirated
to voiceless aspirated stops (e.g., German), and (c) the short stops in languages that oppose singletons to geminates (e.g., Swiss German). ‘Tense’ is
used to refer to the respective contrasting members, that is (a) to phonetically voiceless stops in French, (b) to voiceless aspirated stops in German,
and (c) to long stops in Swiss German. In the present work, the terms ‘voiceless’, ‘voiced’ and ‘voiceless aspirated’ always refer to the phonetic quality
of the sounds. Additionally, in order to emphasise the phonetic aspect for
‘voiced’ stops, they are sometimes referred to as ‘prevoiced’. The phonetic
details pertaining to these labels will be discussed in chapter 2.
In recognition of the phonetic implementation of the stop contrast in
German as an opposition between voiceless unaspirated and voiceless aspirated stops, underlying /b, d, g/ are transcribed as [p, t, k] in the surface
representations, and underlying /p, t, k/ are represented as [ph , th , kh ] on the
surface. Swiss German lax stops are transcribed as /p, t, k/ and [p, t, k] and
the tense series is represented as /p:, t:, k:/ and [p:, t:, k:].
When speaking about stops, the label ‘length contrast’ is used to refer
to systematic diﬀerences in closure duration as in the Swiss German singleton/geminate contrast. Although the German contrast is also based on a
temporal measure, namely the duration of aspiration, it is not referred to as
‘length contrast’ but as ‘laryngeal contrast’, since properties of phonation
constitute the basis of the contrast.
Some remarks are due with regard to children and the topic of first language acquisition research. When speaking of ‘German/Swiss German/English/. . . infants’, this denotation is not supposed to express infants’ nationality or the fact that they are already competent speakers of the respective
language. Rather, it is meant to refer to their language background and is
used as a shortcut for infants acquiring German/Swiss German/English/. . .
as their first language. Mostly, infants’ age is explicitly indicated in months.
Yet, sometimes an indication like x; y may occur. In this case, x represents
years and y refers to months. Finally, various methods used in infant speech
perception research are mentioned in the following chapters. In order to stick
to the central theme and avoid methodological digressions, these procedures
are explained at most briefly in the main text. A detailed description of the
methods is provided in appendix A.
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Outline

The first part of the present thesis, comprising chapters 2, 3 and 4, provides
the theoretical background on which the empirical research presented in the
second part is based. Chapters 5 to 9 present new data on infants’ and
adults’ perception (and partially also production) of laryngeal and length
contrasts as present in German and Swiss German respectively.
The structure of the thesis is as follows. After some general remarks
on the two languages under investigation, chapter 2 addresses the phonetic
properties of stops at first in a rather general way and subsequently with
respect to the characteristics specific for German and Swiss German stops.
It will become clear that the two languages make use of diﬀerent types of
contrast in order to distinguish two stop series. A review of the literature
shows that a parameter called ‘after closure time’ is the most important
phonetic correlate in the German tense/lax opposition which diﬀerentiates
voiceless unaspirated and voiceless aspirated stops. Following the studies
by Kraehenmann (2001, 2003), Swiss German is shown to employ a singleton/geminate contrast with closure duration as the distinctive parameter.
Furthermore, the inspection of the phonetic properties of German and Swiss
German stops reveals a slightly asymmetric pattern regarding the application of the parameter that is considered to be non-native in the respective
language. In Swiss German, tense and lax stops are more or less identical
in their laryngeal configuration: Both stop series are voiceless unaspirated.
In German, tense and lax stops display small diﬀerences in their closure
duration, with on average slightly longer closures for the tense series.
Typological diﬀerences between the laryngeal and the length contrast are
found not only on the phonetic level but also regarding phonology. Chapter
3 provides some phonological fundamentals regarding the respective abstract
representations of German and Swiss German stops. Laryngeal contrasts are
assumed to be represented by distinctive features whereas length contrasts
are specified suprasegmentally by reference to timing structure. Considering the tense/lax opposition in German it becomes apparent that there is
no unified standard which particular feature specification should be used to
represent laryngeal contrasts. A sketch of an ongoing debate in the literature on laryngeal specifications mentions diﬀerent alternatives suggested to
represent laryngeal contrasts. In the context of this discussion the typological labels voice language and aspiration language are introduced in order
to distinguish between languages with diﬀerent phonetic implementations of
two-way laryngeal contrasts. Considering Swiss German, chapter 3 briefly
introduces Kraehenmann’s (2001, 2003) model of length contrast specifica-
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tion. It is based on the assumption that short stops are linked to one timing
unit whereas geminates occupy two timing units on a syllabic tier, with differential consequences for syllable structure. Yet, since the present thesis
is concerned mainly with phonetic aspects of stop contrasts in German and
Swiss German, chapter 3 is not intended to provide an exhaustive account of
phonological representations but rather some basic background information.
Chapter 4 reports on the findings published in previous studies on infant
speech perception. First of all, the pattern of perceptual reorganisation regarding infants’ discriminative capacities of speech sound contrasts in their
first year of life is discussed at length. It is shown that the development
from universal to language-specific perception may take diﬀerent paths for
diﬀerent contrasts. A brief summary of the so-called perceptual assimilation
model (e.g., Best et al. 2001; Best & McRoberts 2003) provides a theoretical basis on which predictions for infants’ and adults’ perception of speech
contrasts can be formulated. In the literature review on infants’ contrast
discrimination skills, special emphasis is put on studies focusing on the early
perception of laryngeal and length contrasts. It will become obvious that
the findings of diﬀerent studies are consistent neither for laryngeal nor for
length contrasts. Yet the data on infants’ perception of laryngeal contrasts
converge to suggest that the tense/lax opposition as it is implemented in
German is rather robustly discriminated in the first months of life, implying
that the contrast just has to be maintained if required by the mother tongue.
The distinction between voiced and voiceless stops, on the other hand, seems
to be more diﬃcult for very young infants, suggesting that some linguistic
experience may be necessary to achieve adult-like mastery. While there is
ample literature on laryngeal contrasts in first language acquisition, studies
on the early perception of consonantal length contrasts are more rare and
they do not permit to ultimately determine whether the length contrast in
stops is easily discriminable in the first months of life or whether successful
discrimination is acquired only with a certain amount of linguistic experience. In chapter 4, the main focus will be on the developments observable
in the first year of life. Nonetheless, some further aspects such as the beginnings of the acquisition of a phonological system in the second year of life
will also be addressed. Specifically, the finding that 14-month-olds sometimes have diﬃculties in distinguishing a native stop contrast (e.g., Stager
& Werker 1997) entailed an extensive discourse on how early phonological
representations may look like. In the context of this debate, Pierrehumbert’s (2001, 2003) exemplar-theoretic account of language acquisition is
introduced, a model that is taken up again later in the interpretation of the
data collected for the present thesis.
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The presentation of new empirical data begins in chapter 5. Two pilot
studies examining adults’ production and perception of laryngeal and length
contrasts provide an essential basis for the experiments on infants’ perception of stop contrasts. The production data of German adults and a detailed comparison with the findings reported by Kraehenmann (2001, 2003)
for Swiss German focus again on the phonetic details of stops in the two
languages, precisely in the context that becomes relevant later in the infant
tests. A study of adults’ categorisation skills regarding stops diﬀering either in ‘after closure time’ (the relevant parameter in German) or in closure
duration (the distinctive cue in Swiss German) reveals the location of the
phoneme boundaries separating the tense category from the lax category in
the two languages, respectively. Moreover, the perception study provides
insights into adults’ perception of the two types of contrast as non-native
contrasts. It is demonstrated that German adults have diﬃculties in categorically distinguishing short and long stops. The German laryngeal contrast
is considered to be a non-native contrast for both Swiss German and Dutch
adults. Nonetheless, their respective categorisation behaviours diﬀer. While
Swiss Germans exhibit reliable categorisation of the non-native laryngeal
contrasts, Dutch listeners fail to assign stops diﬀering in ‘after closure time’
to their native stop categories. A first interpretation suggests that typological diﬀerences between the two languages may account for the discrepant
categorisation abilities. The findings of the following chapters seem to support this assumption so that the hypothesis is explicated in more detail in
chapter 9.
Before addressing infants’ perception of laryngeal and length contrasts,
chapter 6 reports on a precursory experiment with 6- to 8-month-old infants
acquiring German. In order to test the Switch Procedure at the Baby Speech
Lab at the University of Konstanz, the infants’ discrimination ability of a
contrast between two phonetically highly dissimilar non-words was assessed.
In addition to the analysis commonly applied to data collected with this
method, two alternative ways of looking at the data are introduced. Since
they can be shown to provide a more sensitive measure for the evaluation of
infants’ discriminative capacities, both additional analyses are included in
the following infant experiments.
Chapter 7 can be said to represent the centrepiece of the present thesis
since it addresses the principal question about infants’ perception of stop
contrasts as they occur in German and in Swiss German. First of all, the
point of departure and the ensuing expectations are described in detail and
with regard to both German and Swiss German infants. Next, an experiment with three age groups of German infants reveals the development of
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the discriminability of a laryngeal and a length contrast in labial stops between 6 and 16 months of age. The combined results of the three kinds
of analyses suggest that German infants reliably discriminate the native laryngeal contrast at 6 to 8 and at 10 to 12 months of age but they seem to
lose this skill between 14 and 16 months. The non-native length contrast
is discriminated only by the two older age groups but not by the youngest
infants. The latter aspect is considered as an indicator that consonantal
length contrasts are not universally discriminable in the first months of life
but require some linguistic experience to be reliably discriminated. Based on
Pierrehumbert’s (2001, 2003) exemplar-theoretic account of language acquisition, 14- to 16-month-olds’ insensitivity to the native contrast is accounted
for by reference to a temporary ‘phase of confusion’ at the beginning of the
second year of life, which is caused by an increasingly variable linguistic
input. Two suggestions are made with respect to the finding that German
infants apparently learn to discriminate the (presumed) non-native length
contrast. Either infants are more sensitive to length contrasts as cues to
categorical distinctions than adults or they use the fine phonetic diﬀerences
in order to detect word boundaries.
The partially unexpected findings presented in chapter 7 led to two additional experiments with German adults, which are presented in chapter
8. The categorisation study that was already conducted as a pilot test, is
repeated with the infants’ parents. The previous findings are replicated,
demonstrating that German parents display categorical perception for laryngeal contrasts but not for length contrasts. Moreover, the values chosen
for the infant stimuli are appropriate representatives of the two German stop
categories in the case of the laryngeal contrast whereas they fall into a zone
of ambiguity in the case of the length contrast. A second experiment with
German adults provides additional production data on stops in word-initial
and word-medial position. Since the analysis of adults’ productions yields
significant eﬀects both with regard to the position in which the stops occur
as well as concerning laryngeal categories, the results do not allow to ultimately determine whether the infants used the length contrast as a cue for
segmentation or for phoneme distinction. Referring, among other things, to
the stronger category eﬀect, the phoneme distinction account is favoured.
Chapter 9 presents the findings on Swiss German infants’ and their parents’ perception of laryngeal and length contrasts. The experiment with
German infants reported in chapter 7 is repeated with Swiss German infants.
However, since fewer observations are available, it provides only preliminary
insights into Swiss German infants’ perception of the two contrasts in question. The data seem to support the assumption that the Swiss German
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singleton/geminate stop contrast is not discriminable from birth but has to
be acquired with linguistic experience. Swiss German infants in the present
experiment seem to become sensitive to the contrast not before 10 months of
age. Also, an insensitivity to the native contrast at 14 to 16 months could be
observed, providing more support for the assumption that native phoneme
categories may not be as stable as suggested in previous work by others.
Moreover, Swiss German infants of all three age groups seem to succeed in
discriminating the non-native laryngeal contrast. Together with the results
of the adult perception test this finding is interpreted with reference to the
typological properties of the language. Since laryngeal configurations are
not employed contrastively in Swiss German, an assumed default boundary
corresponding roughly to the boundary separating tense and lax stops in
German is maintained despite its irrelevance for the native phoneme inventory. In analogy to the experiments with Germans, chapter 9 reports on
Swiss German parents’ categorisation skills concerning laryngeal and length
contrasts. As with the Germans, the Swiss German parent data replicate
the findings of the pilot perception studies, providing more support for the
appropriateness of the values chosen for the infant stimuli.
Finally, chapter 10 concludes the thesis with a summary of the main
findings and ensuing conclusions. Furthermore, the chapter addresses some
open questions, and future prospects for further research are mentioned.
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Chapter 2

Phonetic Properties of
Standard German
and Swiss German Stops
Standard German and Swiss German are closely related languages. Both
belong to the West Germanic language family. Yet, in spite of numerous
similarities there are striking diﬀerences which clearly distinguish Standard
German from Swiss German. Diﬀerences are found on the lexical and morphological level, as example (1) demonstrates.
(1)

Standard German
Pfand
umziehen
Fahrrad
Eis
Torwart
Unterbrechung
parken

Swiss German
Depot
zügeln
Velo
Glacé
Goalie
Unterbruch
parkieren

Gloss
‘deposit’
‘to move house’
‘bicycle’
‘ice cream’
‘goal keeper’
‘interruption’
‘to park’

More diﬀerences are found in the syntactic structures of the respective languages, as exemplified in (2).
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(2)

a.

StG: Für das Teil musste ich in der ganzen Stadt herumrennen.
SwG: Für das Teili hani müesse i de ganze Stadt umecheibe.1
Gloss: For this thing I had to run around in the whole city.

b.

StG: . . . , dass er eine Arie hat singen wollen.
SwG: . . . , dass er en Arie het wele singe.2
Gloss: . . . that he wanted to sing an aria.

Grammatical distinctions are also ascertained with regard to tense formation. In contrast to Standard German, Swiss German lacks an imperfect
(e.g., StG: ich ging ‘I went’) and subsequently also a pluperfect (e.g., StG:
ich war gegangen ‘I had gone’). Instead, Swiss German has a tense which
is not found in Standard German and which Siebenhaar & Wyler (1997:37)
describe as a kind of hyper-perfect (“eine Art Überperfekt”): ich bi ggange
gsi (pron-1sg-nom; be-1sg; go-pp; be-pp). Furthermore, the two languages
diﬀer substantially in their phonetic and phonological properties. There are
conspicuous pronunciation diﬀerences which go so far that speakers of Standard German often have diﬃculties in understanding Swiss German. These
very obvious diﬀerences and also more subtle distinctions are not only found
on the surface but are also reflected in diﬀerent underlying phonological systems. The respective consonant inventories for Standard German and Swiss
German in table 2.1 (assembled from diﬀerent sources discussed below) reveal some of the diﬀerences between the two languages.
A few remarks are due regarding the Standard German consonant inventory. The underlying phoneme /x/ may surface as allophonic variants
[ç] and [x] and possibly the even further back [X] whose distribution can be
deduced from context (cf. Kohler 1990b).3 Allophonic surface forms are also
observed for the phoneme /ö/, which occurs in free variation with the alveolar trill [r] and the uvular fricative [K]. Moreover, postvocalic /ö/ in final
position usually surfaces as the central vowel [5]. The glottal stop [P] does
not have phonemic function in Standard German phonology and it occurs
>
only in surface representations.4 [Z] and [dZ] are not very common. They
1

http://istanbul.pauker.at/pauker/DE_DE/SC/wb/?x=hani (03/10).
http://wwwhomes.uni-bielefeld.de/rvogel/ss08/morphsyn/sieben.pdf (03/10).
3
It might also be assumed that palatal /ç/ is the most appropriate symbol for the
underlying representation of the German dorsal fricative (e.g., Hall 2000). Kohler (1990b)
provides a short discussion on this issue.
4
The glottal stop [P] diﬀers from the other stops in the fact that the obstruction of air
does not take place in the oral tract, but rather in the larynx by pressing the vocal cords
together so that the air from the lungs cannot escape through the glottis. In foot-initial
position, the glottal stop is inserted as an onset in syllables underlyingly starting with a
2

Stop
Nasal

pb
p: p
m
m: m

ö
ö
fv
f: f

sz
s: s

SZ
S: S

Approximant
Lateral
approximant
Aﬀricate

Glottal

kg
k: k
N
N:

td
t: t
n
n: n

Trill
Fricative

Uvular

Velar

Palatal

Postalveolar

Alveolar

Labiodental

Bilabial
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x
x: x

h
h

j
j
>
pf
>
pf

l
l: l
>
ts
>
ts

> >
tS dZ
>
tS

>
kx

Table 2.1: Consonantal phoneme inventory of Standard German (upper lines)
and Swiss German (lower lines).

were introduced to the system through language contact and are restricted
>
to loanwords such as Garage [ka"Ka:Z@] (‘garage’) and Dschungel ["dZUNl]
(‘jungle’).5
Regarding the Swiss German phoneme inventory, a system has been
adopted here that largely follows Kraehenmann’s (2003:41) account of the
Thurgovian dialect of Swiss German.6 Her system deviates from the phoneme
>
>
vowel: For instance, /"apf@l/ becomes ["Papfl]. A distinctive function is given only in the
"
diﬀerentiation of aﬃrmative and negating utterances
(cf. Ladefoged 2006:60f.).
5
The present system lists aﬀricates as proper phonemes, an approach that is also followed by Hakkarainen (1995) and Hall (2000), for example. Other authors, like Kohler
(1990a, 1995), stick to the IPA-chart suggested by the International Phonetic Association
and exclude aﬀricates from their phoneme tables of Standard German, inducing an interpretation of aﬀricates as a synthesis of an oral stop released into a (mostly homorganic)
fricative. The unclear status of aﬀricates is also discussed in Wiese (2000:13f.). Furthermore, there is an ongoing debate on the phoneme status of some fricatives, nasals and
liquids, which will be ignored here.
6
Kraehenmann (2001, 2003) represents length by using the same symbol twice (e.g., a
long labial stop is represented as [pp]). In the present thesis, the IPA length symbol ‘:’ is
preferred to express both consonant and vowel length.
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inventory for the closely related Zurich German system as presented by
Fleischer & Schmid (2006) in some minor aspects. For instance, the latter ones represent the tense/lax obstruent contrast as a contrast of plain
voiceless versus devoiced sounds, for example /p/–/b/ and /f/–/v/. Kraehenmann, on the other hand, prefers a representation˚of voiceless ˚
geminates
versus voiceless singletons, like in /p:/–/p/ and /f:/–/f/.7 A profound difference between the representations of Kraehenmann (2003) and Fleischer
& Schmid (2006) manifests itself in the description of the nasals and the
laterals. While Fleischer & Schmid (2006:244) mention only one sound for
each place of articulation (PoA), Kraehenmann (2003:41) claims that there
are two phonemic series of nasals and laterals, a geminate and a singleton
one. The length contrast in both fricatives and sonorants occurs, according
to Kraehenmann (2003), only in medial and final position, but not wordinitially. Fleischer & Schmid (2006:246) also note nasal gemination in Zurich
German but explain it by distributional constraints and, in addition, as a
phenomenon more apparent in the younger generations than in older speakers of the dialect. In analogy to Fleischer & Schmid’s (2006) account, the
>
>
aﬀricate /tS/, which occurs for example in the word Schwiizertüü[tS] ‘Swiss
>
>
German’ and in loanwords like [tS]in[tS]illa ‘chinchilla’, was added, which is
not represented as a single phoneme in Kraehenmann’s system. Finally, a
short remark on the glottal stop is due. According to Fleischer & Schmid
(2006), it is not inserted before vocalic onsets – other than in Standard
German. Consequently, it is absent as a phonetic word boundary marker,
allowing for post-lexical resyllabification. An example for the phrase mein
Onkel (‘my uncle’) is given in (3), where the final nasal of the possessive
pronoun remains part of the coda in Standard German but surfaces as onset
of the following noun in Swiss German (Fleischer & Schmid 2006:250).
(3)

Standard German
Swiss German

h
/maI
<n "ONk@l/ → [maI
<n."PON.k @l]
/min "uNkl@/ → [mi."nuN.kl@]

Since the aim of this thesis is to demonstrate how stop contrasts are implemented in the languages under discussion and how these contrasts are
perceived during infancy, phonemes other than oral stops will be neglected
7

Kraehenmann’s (2003) transcriptions suggest a three-way contrast for labiodental
fricatives. In the phoneme inventory, she lists only /f/ and /f:/ (Kraehenmann 2003:41)
while the word index also contains the voiced sound /v/ in underlying representations,
for example, Wald ‘forest’ is transcribed as /valt/ [valt] (Kraehenmann 2003:253ﬀ.). In
personal communication, however, she assures that [v] has to be regarded as underlying
/u/ since it invariably behaves like a sonorant.
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in the following. The phonemes relevant for the present investigation are
listed again in table 2.2, which demonstrates that both Standard German
and Swiss German stops are produced at three diﬀerent PoAs: labial, alveolar and velar. Both languages have an additional two-way contrast in their
respective stop systems. In Standard German this contrast is a laryngeal
one: /b, d, g/ diﬀer from /p, t, k/ with respect to their voicing quality – or,
to be more precise, in the amount of aspiration that follows the release (see
below). In Swiss German, on the other hand, there is no laryngeal contrast.
The stops do not diﬀer in voicing/aspiration but in length. Thus, other than
Standard German, Swiss German employs a quantity contrast to distinguish
two stop series.

tense
lax

Standard German
labial alveolar velar
/p/
/t/
/k/
/b/
/d/
/g/

Swiss German
labial alveolar velar
/p:/
/t:/
/k:/
/p/
/t/
/k/

Table 2.2: Oral stop phonemes in Standard German and Swiss German.

After some general remarks on the phonetic properties of stop consonants,
the remainder of this chapter will focus on the phonetic properties and
peculiarities of the Standard German laryngeal contrast (section 2.2) and
the Swiss German length contrast (section 2.3). The respective phonological
representations will be addressed in chapter 3.

2.1

The Phonetic Properties of Stops

A stop (sometimes also termed ‘plosive’ or ‘occlusive’) is a speech sound
characterised by a complete closure of the oral tract which prevents the
airstream from escaping through the mouth.8 The stops occurring in the
8

Note that from the point of view of phonology a further distinction can be made
between oral stops and nasal stops (also cf. Ladefoged 2006:13f.). Oral stops are marked
by a complete disruption of the airstream (hence the name ‘stops’). In addition to the
articulatory oral obstruction, the soft palate is raised, blocking oﬀ the nasal tract so that
there is no way for the air to escape. Unlike oral stops, nasal stops are produced with a
lowered velum. Thus, in spite of the oral obstruction, the airstream can escape through
the nose. Since the disruption of the air flow is not complete, nasals are not considered as
stops from a phonetic perspective. Phonologically, both kinds of stops are assumed to be
characterised by the feature [–continuant]. Nasals are not an issue in the present thesis
and in subsequent discussions the term ‘stops’ refers to oral stops only.
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phoneme inventories of German and Swiss German, respectively, are listed
in table 2.2 above.
Structurally, a stop can be divided into three phases. The first phase
consists of the formation of an obstruction in the oral tract, marked by an
abrupt decrease in spectral energy. In German and Swiss German, the obstruction is realised by closing the lips for the bilabial stops /b, p, p:/, by
raising the tongue body to the alveolar ridge for the coronal stops /d, t, t:/
and by raising the back of the tongue to the velum for the dorsal stops
/g, k, k:/. Next comes the closure phase or ‘occlusion’. The obstruction in
the vocal tract is maintained for a short while, leading to an air pressure
build-up inside the mouth. In voiceless stops, the closure phase is a period
of complete silence. In voiced stops, vocal fold vibration continues during
closure: A so-called ‘voice bar’ is visible in the lowest frequency ranges of
the spectrogram and regular wave motion can be observed in the oscillogram. The final phase is the burst or release phase. It refers to the opening
of the closure which is accompanied by a burst sound when the airstream
is released, and by an abrupt rise of spectral energy. In the oscillogram, a
spike in the waveform usually indicates the release of the stop, that is, the
beginning of the burst. Burst intensity is weaker in voiced than in voiceless
stops. The release duration – that is the burst plus any potential aspiration
preceding the onset of glottal pulsing of the following sound – is comparatively short in voiced and voiceless unaspirated stops. It is clearly longer
in aspirated stops, where the burst is followed by a period of voicelessness.
The waveform and spectrogram of a labial voiceless aspirated stop is given
in figure 2.1.9
A crucial notion in connection with stops is the concept of voice onset
time (VOT), defined as “the interval between the release of the stop and the
onset of glottal vibration, that is, voicing” (Lisker & Abramson 1964:389).
The reference point (‘zero-time’) to which the onset of voicing is related is
the instant of release. There are three possible configurations that result in
either voiced, voiceless or voiceless aspirated stops. In voiced stops, vocal
fold vibration starts before the release of the stop’s closure. Such a timing
relation is called prevoicing or voicing lead and is also referred to as negative
VOT. Voiceless as well as voiceless aspirated stops are characterised by a
voicing lag, with vocal fold vibration starting some time after the release
burst. Stops of this kind are said to have a positive VOT. In voiceless
9

The abbreviation ‘ACT’ used in figure 2.1 refers to ‘after closure time’, a notion that
is used instead of (positive) VOT. The reasons that led to the adoption of this terminology
are outlined in the following paragraphs. ‘CD’ stands for ‘closure duration.’
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unaspirated stops the voicing lag is rather short and voicing of the following
sound sets in together with the release burst or shortly afterwards. Voiceless
aspirated stops exhibit a relatively long voicing lag, which is often perceived
as a kind of ‘puﬀ’ following the stop.

Figure 2.1: Voiceless aspirated labial stop (pictured sequence: 350 ms).

In a study on utterance-initial stops in eleven languages, Lisker & Abramson (1964) show that these three categories, voiced, voiceless and voiceless
aspirated, relate to three more or less stable ranges on a VOT continuum,
the precise values for which are presented in table 2.3. A schematic representation of the three categories which diﬀer with respect to their laryngeal
configuration is given in figure 2.2, where the time scale is centred on the
moment of release.10 Although there are language-specific diﬀerences (also
cf. Ladefoged 2006), stops can be categorised according to these VOT ranges.
A more recent study by Cho & Ladefoged (1999) analyses voicing lags in
utterance-initial stops in 18 languages and reports on considerable languagespecific variation. The authors suggest that there are rather four voicing lag
10

Note that the values are averaged over diﬀerent PoAs. When voicing lags are considered separately for the diﬀerent PoAs, an increase in VOT is observed from labial to
dental/alveolar to velar PoA (see, e.g., Lisker & Abramson 1964; Cho & Ladefoged 1999).
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VOT Range
-125 ms to -75 ms
0 ms to
25 ms
60 ms to 100 ms

Mean VOT
-100 ms
10 ms
75 ms

voicing lead
short voicing lag
long voicing lag

Table 2.3: VOT categories as reported by Lisker & Abramson (1964).

categories than the commonly assumed two (unaspirated vs. aspirated). For
velar PoA, they assign stops with a VOT of approximately 50 ms to a category ‘slightly aspirated’, ‘aspirated’ refers to stops with a VOT of approximately 90 ms and a category ‘highly aspirated’ is mentioned for stops with
very long voicing lags above 100 ms. Voiceless unaspirated velars, so they
suggest, have a VOT of approximately 30 ms (Cho & Ladefoged 1999:223).
Yet, most of the languages investigated by Cho & Ladefoged (1999) with
two laryngeal categories display a contrast of unaspirated stops versus one
of the aspiration categories. Thus, instead of speaking of four lag categories,
it would be more plausible to speak of two main categories, short and long
voicing lag. Language-specific phonetic realisations could then be defined
more precisely by reference to three sub-categories for aspirated stops.11

Figure 2.2: VOT-continuum with three distinct stop categories (values
adopted from Lisker & Abramson 1964).

Given that velar/uvular PoA involves longer voicing lags than labial or dental/alveolar, the data presented by Cho & Ladefoged (1999) are largely in
line with the findings by Lisker & Abramson (1964). Cho & Ladefoged
11
Note that neither the study by Lisker & Abramson (1964) nor the one by Cho &
Ladefoged (1999) reports of a language which has more than two stop categories on the
lag side of the laryngeal continuum, thus making the four-fold division of the lag region
a phonetic accuracy, which, however, does not conflict with the division of the laryngeal
continuum into one lead and two lag categories suggested by Lisker & Abramson (1964).
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(1999) report a significant diﬀerence in VOT between coronal and dorsal
PoA (∆ 18.9 ms for unaspirated stops, ∆ 16.7 ms for aspirated stops). The
diﬀerence in VOT between labials and coronals, in turn, is not significant.12
Cho & Ladefoged’s (1999) data suggest that for velars the boundary that
separates unaspirated and aspirated voiceless stops is located around a VOT
value of 40 ms. Consequently, it can be inferred that for labial and coronal
stops the boundary is found somewhere around 20 ms to 25 ms, a value well
compatible with Lisker & Abramson’s (1964) generalised categories (table
2.3). Furthermore, both studies suggest that the long lag category shows
more variation than the short lag category, which seems to be refined to
a smaller VOT range. Also, since Cho & Ladefoged (1999) do not find
a phonological explanation for why a given aspiration-subcategory is selected in a particular language, they stick to the conventional tripartition of
VOT contrasts and speak of “three modal values of VOT, [voiced], [voiceless
unaspirated], and [aspirated]” (Cho & Ladefoged 1999:226), of which only
the latter two are examined in their study.
Lisker & Abramson’s (1964) cross-linguistic study revealed that languages employing only two stop categories do not use the most distinct
categories to make a contrast, that is, stops with a voicing lead on the one
hand are not contrasted to stops with a long voicing lag on the other hand.
Instead, all examined languages with a two-way stop opposition contrast
either stops with a voicing lead to stops with a short voicing lag or stops
with a short voicing lag to stops with a long voicing lag. In other words,
the middle category is always present.13 Although not explicitly mentioned,
the same is true for the languages examined by Cho & Ladefoged (1999).14

2.1.1

Some Terminological Remarks

It has been shown that VOT is not always an appropriate notion to describe
the phonetic attributes of stops. Consider the fact that voicing does not always continue throughout the whole closure phase. Especially in lax stops
12

Labial initial stops are reported to have a mean VOT of 15.3 ms, a value similar to
the values found for voiceless (unaspirated) stops in German and in Swiss German, as will
be seen in section 2.3 as well as in chapter 5.
13
One of the four speakers recorded by Lisker & Abramson (1964) marks an exception
in that this person consistently produced lax stops with prevoicing, while tense stops were
aspirated.
14
Accordingly, the voiceless unaspirated stops are regarded the least marked stops in the
languages of the world. Languages which have one stop series only usually include stops
of this kind in their inventory and not voiced or voiceless aspirated ones (see Ladefoged
& Maddieson 1996:53; Hall 2000:81, 88.)
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following voiceless segments, the beginning of the closure might be voiceless
and glottal pulsing might start only shortly before the stop is released. In
this case as well as in utterance-initial position, negative VOT can be measured easily. The situation is diﬀerent if the stop follows a sonorant. There
might be some voicing at the beginning of the stop’s closure which might
decrease to zero before the stop is released. Thus, there is a ‘voicing interruption’, a short voiceless phase between voicing during closure and voicing
of the following segment (see figure 2.3). Furthermore, voicing into closure
is not restricted to lax stops but can be observed sometimes also in tense
stops – although it is usually more pronounced in lax ones (cf. Mitleb 1981).
Similarly, Mikuteit (2006) argues that in a voiced context (e.g., in intervocalic position), it is impossible to determine where sonorant voicing
ends and obstruent voicing starts. Hence, according to her, it is incorrect to
speak of voice onset time since glottal pulsing already starts in a preceding
segment. She relinquishes the notion of VOT and introduces two notions to
replace it. The first one, closure voicing, is used to refer to the presence of
vocal fold vibration before the stop’s release, that is, a voicing lead, formerly
referred to as negative VOT. Secondly, a voicing lag is called after closure
time (ACT) instead of positive VOT.15 Furthermore, Mikuteit (2006) points
out that even in stops displaying prevoicing, glottal pulsing of the following
vowel does not always start immediately after the burst and there might be
a slight lag of time between the release burst of the stop and the onset of
periodicity of a following sound, such that there might be an interruption
in vocal fold vibration even in voiced stops. In other words, prevoiced stops
may exhibit both a voicing lead and a short voicing lag, as shown in the
example of a prevoiced labial stop in figure 2.3. Similar observations are
found in Jessen & Ringen (2002). Accordingly, the authors present positive
VOTs for both tense and lax stops in their experiment and they indicate
separately whether or not (full or partial) voicing is present during a stop’s
closure phase.16 Similarly, when lax stops are produced with prevoicing, Kehoe et al. (2004:76) distinguish between ‘lead VOT’ and ‘lag VOT’, pointing
out that prevoiced stops can be characterised by both measures.
15
Mikuteit’s (2006) main argument for the introduction of the new terminology is based
on East Bengali data. With ACT and a second new measure, ‘superimposed aspiration’,
she analyses the East Bengali four-way contrast without having to refer to ‘breathy voice’
to distinguish voiced aspirated stops. Voiced aspirated stops do not play a role in the stop
systems of German and Swiss German.
16
Note that van Alphen (2004) reports that in cross-modal priming experiments with
adults, variation in the amount of prevoicing in primes with initial voiced stops has no
influence on lexical access. Thus, it seems to be rather the general presence of glottal
vibration than the precise amount of prevoicing that aﬀects lexical processing.
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Figure 2.3: Intervocalic voiced labial stop with both a voicing lead (closure
voicing) and a short voicing lag (ACT).

In his study on German stop contrasts, Braunschweiler (1997) avoids the
term ‘VOT’. When referring to voicing lags, he speaks of release duration.
Like Mikuteit (2006) and Jessen & Ringen (2002), he does not specify voicing leads in absolute values. He simply refers to the presence or absence of
closure voicing. Thus, even though the dimension is often regarded to be
the same (i.e., the onset of vocal fold vibration relative to the stop’s release
to be measured on a voicing continuum), it appears to be more appropriate to think of voicing lead and voicing lag as two separate cues instead
of seeing lead and lag as complementary parts of the same cue. Braun’s
(1996:20) claim that VOT pools the originally distinct categories of voicing
and aspiration in one single dimension is of the same tenor. For these reasons, Mikuteit’s (2006) terminology is adopted in the present work. Instead
of negative VOT and positive VOT, the terms closure voicing and after
closure time (henceforth ACT) will be used in the remainder of the thesis.
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The Phonetics of Standard German Stops

Apart from PoA, German distinguishes stops according to a laryngeal contrast which is sometimes described as a contrast between voiced /b, d, g/
and voiceless /p, t, k/ (e.g., Hall 2000:81). As explained above, phonetically, voiced stops are defined as being produced with vibrating vocal folds
during the closure phase. Voicelessness, on the other hand, is characterised
by the absence of vocal fold vibration. Kohler (1995:81f.) notes that German
/b, d, g/ are fully voiced only intervocalically. Lax stops in other positions
are partially or fully devoiced. He further states that the distinction between
the tense and the lax stop series is maintained through the presence (in the
case of /p, t, k/) or absence (in the case of /b, d, g/) of aspiration.
Various phonetic studies on stop production confirm that the German laryngeal contrast is rather a contrast of voiceless unaspirated versus voiceless
aspirated stops than of voiced versus voiceless ones. In a production experiment on intervocalic posttonic stops as for instance in Ka/b/el ‘cable’ or
Sta/p/el ‘stack’, Braunschweiler (1997:362) finds that the main factor for
laryngeal distinctions in German word-medial stops is ACT. Even though
he observes some cases in which lax stops exhibit closure voicing, he points
out that most lax stops are produced without prevoicing and display a short
voicing lag with a mean ACT of 15.5 ms. For tense stops he finds a longer
voicing lag with a mean ACT of 50.5 ms. Besides, Braunschweiler (1997)
does not explicitly state the presence/absence of closure voicing, a further
indicator that this factor is not of primary relevance in the production of
the German laryngeal contrast.
Braunschweiler’s (1997) data support what has been found by others
before. Jessen (1998:48ﬀ.) provides a comprehensive summary of the literature on the phonetics of German stops from the early 1970s to the mid
1990s. As Jessen is interested in three specific contexts, namely stops in
utterance-initial position, posttonic word-medial stops before schwa, and
stops following voiceless obstruents, he focuses on these environments in his
overview. His survey of previous research suggests that there are variations
depending on factors like methodology, regional provenance of the speakers
of the individual studies, definition of how voicing and aspiration are to be
measured and so forth. Still, the overall picture emerging from this comparison is rather homogeneous and leads to the conclusion that the German
tense/lax opposition is maintained by a significant diﬀerence in ACT in all
three contexts of interest. Tense stops in utterance-initial, word-medial and
post-voiceless-obstruent position are clearly aspirated and have relatively
high ACT values, while lax stops in all three contexts show considerably
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shorter voicing lags and thus can be labeled unaspirated. Unlike ACT, closure voicing is not found to be a reliable means to maintain the opposition in
production. Significant diﬀerences with regard to closure voicing are found
only in intervocalic position. Word-medial lax stops are most times fully or
at least partially voiced, tense stops are voiceless.
Jessen’s (1998) own production experiments on German stops in intervocalic position, utterance-initially and following voiceless obstruents substantiate this pattern. He reports that the German tense/lax opposition is
reliably maintained by aspiration in all three contexts. With a mean value of
67.3 ms for tense and 21.7 ms for lax stops, ACT seems to be the distinctive
factor also in his study. With regard to closure voicing, Jessen (1998:87f.)
reports considerable within- as well as cross-subject variation without a clear
pattern. Lax stops consistently display closure voicing only in intervocalic
position. Utterance-initially and after voiceless obstruents, a minority of the
lax stops are produced with vocal fold vibration during the closure phase.
In an experiment by Jessen & Ringen (2002), word-medial posttonic
intervocalic lax stops consistently show full or at least partial closure voicing
while the tense stops are all produced without vocal fold vibration during
closure. Word-initial productions of lax /d/ following /s/, however, are all
realised as voiceless.17 Like in the studies presented above, Jessen & Ringen
(2002) find consistent diﬀerences in ACT for tense (mean 40.1 ms) and lax
stops (mean 13.7 ms).
In sum, these studies support the assumption that phonetically the German laryngeal contrast should not be described as a contrast of voiced versus
voiceless stops, but rather as a contrast of voiceless unaspirated (short voicing lag) versus voiceless aspirated (long voicing lag) stops. Accordingly,
ACT can be seen as the most important phonetic correlate to distinguish
the two stop series in production. The data presented in chapter 5 provide further support for this assumption and show that ACT is a strong
cue for the German tense/lax contrast also in perception (see also Pohl &
Grijzenhout 2010).

2.2.1

More Phonetic Correlates of Laryngeal Contrasts

Besides ACT and closure voicing, there are other phonetic properties that
might contribute to the distinction of two stop series. Steriade (1997),
among others, lists closure duration (henceforth CD), length and F1 transition of a preceding vowel, duration and amplitude of the release burst as
17

No other stops were investigated in this position.
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well as F0 and F1 transitions into a following vowel as potential phonetic
correlates that may be used to distinguish laryngeal stop contrasts. Jessen
(1998) further mentions the amount of breathy voice at the beginning of the
following vowel. These correlates will be briefly inspected below, drawing
mostly on findings from speech production.
To begin with, CD values may diﬀer in tense and lax stops. Braunschweiler (1997) finds significant CD diﬀerences for German tense and lax
stops word-medially, in a posttonic intervocalic environment. /p, t, k/ are
produced with on average 20% longer CDs than /b, d, g/ (78 ms vs. 62.5 ms).
However, CD values for the two categories overlap considerably, suggesting
that – at least on its own – CD is not a reliable parameter to distinguish
German tense and lax stops. Also, in accordance with Kohler (1984), Kuzla & Ernestus (2007) find that CD is an acoustic correlate of the German
tense/lax contrast only in medial but not in word-initial position. CD values of German tense and lax stops are also examined by Kohler & Künzel
(1978). They report considerably longer CDs for tense (126 ms) than for
lax stops (59 ms). However, tense stops in their experiment are produced
in word-final position while lax stops occur in a "V @-context. Therefore,
their data for tense and lax stops are comparable only to a limited extent.
As Braunschweiler (1997:370) suggests, the final position might induce an
additional lengthening of the closure which is not given in medial position.
The length of the preceding vowel has been shown to play a crucial role
in the distinction of English tense and lax stops, especially in utterancefinal position. Ladefoged (2006:58f.), for example, points out that vowels
preceding lax stops are longer than vowels preceding tense stops in English.
Due to contrast neutralisation in final position, this context is irrelevant in
German. Nonetheless, significant diﬀerences in preceding-vowel length are
found for German stops in other than final contexts. Braunschweiler (1997)
observes that stressed vowels preceding word-medial lax stops are about 20%
longer than stressed vowels preceding word-medial tense stops. Yet, there
is extensive overlap between the tense and the lax category. Consequently,
both preceding vowel length and CD cannot be considered as unambiguous
cues to perceptually distinguish the German stop contrast. Experimental
perception data presented in chapter 5 (see also chapter 8) will demonstrate
that CD is not a suﬃcient cue to distinguish the German tense/lax contrast.
Preceding-vowel length on its own has to be ruled out as a strong cue for
the perceptual diﬀerentiation of the laryngeal contrast since vowel length is
phonemic in German (also cf. Braunschweiler 1997). Accordingly, lengthening the vowel in Matte ["math @] ‘mat’ with all other phonetic properties
unchanged will not lead to the perception of Made ["ma:t@] ‘maggot’, but
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rather of Mate ["ma:th @] ‘yerba maté’ (a South American plant often used
for tea). Besides, the preceding vowel is of minor relevance for the present
investigation, which focuses on pretonic stops following schwa. Decisive effects of the preceding vowel are assumed to occur in full vowels only, but
not in reduced ones such as schwa. For the same reason, formant transitions
from the preceding vowel will not be discussed in detail (see also below).
Steriade (1997) does not clarify what exactly what is meant by burst
duration. In some studies, burst duration is equated with ACT (e.g., van
Alphen & Smits 2004; Warner et al. 2004). Others subdivide the release
phase into burst and aspiration (e.g., Reetz 1999; Jessen & Ringen 2002; see
also Mikuteit 2006). The burst can be very short and abrupt or somewhat
longer, but as Bettina Braun (p.c.) assures, it is assumed to be fairly overlapping for tense and lax stops and thus not a very strong perceptual cue
to category distinction. Regarding burst amplitude, it is generally agreed
upon that lax stops are produced with lower burst intensity than tense ones.
However, this seems to be the case rather for contrasts between prevoiced
and voiceless unaspirated stops than when the tense/lax opposition is implemented as a contrast between voiceless aspirated and voiceless unaspirated
stops: Jessen (1998:119) points out that burst amplitude does not serve as a
consistent cue to distinguish voiceless unaspirated from voiceless aspirated
stops and, furthermore, that it is diﬃcult to measure for voiced stops (see
also Jessen 1998:262f.). Edwards (1981) reports to find no apparent diﬀerences in burst duration between tense and lax English stops. Accordingly,
this parameter is not listed as a useful indicator to perceptually distinguish
laryngeal contrasts (Edwards 1981:544). Instead, it seems to provide information helpful in PoA distinction, since labial stops have considerably lower
burst amplitudes than alveolar and velar stops (Edwards 1981:542).
As shown, for example, by Mikuteit (2006; for posttonic intervocalic
stops) and Jessen (1998; for utterance-initial stops), vowels following tense
stops are produced with a higher fundamental frequency (F0 ) than vowels
after lax stops. Kingston & Diehl (1994) refer to a so-called ‘low frequency
property’ observable in lax but not in tense stops. Apart from closure voicing, this property may be realised in terms of low F0 and low F1 values in
vowels adjacent to the stops in question. Kingston & Diehl (1994) argue that
this low frequency property can be observed not only for stops with a voicing
lead. Periodicity of a vowel following prevoiced stops sets in at a lower value
than in vowels following voiceless unaspirated stops. The same F0 relation
is claimed to be found when vowels following voiceless unaspirated stops
are compared to vowels following voiceless aspirated stops. However, as
Kingston & Diehl (1994) admit, such patterns seem to be language-specific.
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Moreover, they seem to be strongly influenced by intonation contour as well
as by the presence of closure voicing. In a production experiment with
speakers of American English, Ohde (1984) finds nearly identical F0 values at the onset of voicing for vowels following voiceless unaspirated and
voiceless aspirated stops, which, in turn, are both significantly higher than
F0 onset in vowels after voiced stops. For German, Jessen (1998:104, 262)
finds highly variable results across speakers. He reports that in most cases
in which lax stops are produced without closure voicing, F0 values do not
diﬀer significantly for vowels following tense and lax stops. Accordingly, F0
appears not to serve as a strong cue to categorically distinguish voiceless
unaspirated from voiceless aspirated stops.
Besides fundamental frequency and closure voicing, Kingston & Diehl
(1994) mention the first formant in vowels adjacent to stops as another potential component of the so-called ‘low frequency property’ that is assumed
to characterise lax stops. Similarly, Steriade (1997) speaks of the transition
of F1 into a following vowel as a potential phonetic correlate that can be
found in the production of laryngeal contrasts. The presence of formant
transitions at the oﬀset of stop consonants is directly linked to ACT. In
stops with a short voicing lag, the rise of the first formant from the consonantal release to a vowel’s steady state frequency occurs after the onset of
voicing of the following vowel. In stops with a long voicing lag, by contrast,
the transition is already essentially completed before voice onset. In other
words, the voicing lag provides more time for the spectral change to occur
before the onset of regular vowel periodicity. As Stevens & Klatt (1974)
show with synthetic stimuli and American English listeners, ACT and F1
transitions are cues for the laryngeal contrast that stand in a trading relationship in perception, that is, the ACT boundary might be slightly shifted
depending on F1 transitions (see also Lisker et al. 1977). Note however,
that they argue mono-directionally: If an F1 transition after voicing onset is
perceived, this is regarded as a negative cue for aspiration. Thus, if such a
transition is present in the following vowel, the preceding consonant cannot
be a voiceless aspirated consonant. However, if the F1 -cue is missing, this is
not seen as a necessary indicator for a voiceless aspirated stop. Regardless,
F1 must be considered as a minor, ancillary cue to perceptually distinguish
tense/lax contrasts. Formant transitions in (preceding and following) vowels
are first and foremost PoA indicators and may play only a supporting role
in marking laryngeal contrasts.
Jessen (1998:108ﬀ.) mentions another parameter that can be measured
in productions of tense and lax stops in German, namely the amount of
breathy phonation at the onset of a following vowel. It can be observed,
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for example, in the first and second harmonics of the sound signal and is
directly related to the degree of glottal aperture during stop production.
Thus, breathy phonation at vowel onset is a by-product of aspiration and
as such it is not considered as an independent cue to phoneme perception.
The parameters listed in the present section may influence the German
laryngeal contrast in addition to the strong ACT cue. To a certain extent
they are aﬀected by factors such as segmental and prosodic environment,
speech style or speech rate. In particular, temporal parameters might vary
depending on speech rate, but the overall relations are assumed to remain
relatively stable. Some of these influencing factors are mentioned below.

2.2.2

The Segmental and Prosodic Context

A comprehensive survey of studies investigating stops in diﬀerent phonological contexts is provided by Jessen (1998). Kohler (1995) also gives some
detailed descriptions of the realisation of tense and lax German stops in
various positions. In the following, only a brief overview will point out the
crucial aspects of German tense and lax stops in diﬀerent environments.
The German laryngeal contrast is maintained in word-initial and -medial
position but it is neutralised word-finally.18 Tense stops in initial position
are aspirated, lax stops are unaspirated and mostly produced without closure
voicing, especially in utterance-initial position. In intervocalic post-stressed
position, the ACT diﬀerence between tense and lax stops is reduced, but
still contrastive. Furthermore, lax stops in this position often display full or
partial closure voicing. Since glottal pulsing during closure is attested nearly
exclusively in this context – and not even consistently – it is suggested that
closure voicing in the lax German stops in this position can be attributed to
passive voicing, induced by the surrounding highly sonorant phones. Thus,
closure voicing in intervocalic lax German stops may have an enhancing
function to emphasise the laryngeal contrast but it is not mandatory for its
maintenance. In medial stops preceding stressed vowels, the ACT diﬀerences
are very pronounced with a large amount of aspiration in the tense stops
18

Neutralisation might also occur in /s, S/+stop clusters like in the words Spiel [Spi:l]
(‘game’) and Skelett [sk@"lEt] (‘skeleton’), in which the tense stops are produced without
aspiration. Note that there are no words beginning with /s, S/+/b, d, g/. Such phoneme
combinations might, however, be found at morpheme boundaries as in Waschbär ["vaS.pæ5]
˚
(‘raccoon’) (see also Iverson & Salmons 1999). Some argue that aspiration is also absent
in other consonant-stop clusters. For instance, Wiese (2000:270) suggests, that clusters
like /tr/ and /pl/ are produced without aspiration, the contrast to /dr/ and /bl/ being
maintained by other parameters. But since the present work does not focus on consonant
clusters, this issue will not be further discussed.
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and usually no closure voicing in the lax ones. In final position, the German
laryngeal contrast is neutralised. This contrast neutralisation is often described as ‘final devoicing’ but given that even lax stops are mostly voiceless
in German, it might better be referred to as ‘final laryngeal neutralisation’
(e.g., Wagner 2002).19 Examples of (near) minimal pairs for German tense
and lax stops in initial, medial and final position are provided in table 2.4.
Position in word
Initial
Intervocalic

posttonic

Intervocalic

pretonic

Final

Item
Paar
Bar
Laken
lagen
Athen
ade
Rat
Rad

UR
/p/
/b/
/k/
/g/
/t/
/d/
/t/
/d/

SR
[ph ]
[p]
[kh ]
[k]∼[g]
[th ]
[t]
[t]
[t]

Gloss
‘couple’
‘nightclub’
‘sheet’
‘to lie’ PAST PL.
‘Athens’
‘bye bye’
‘council’
‘wheel’

Table 2.4: Examples for the German tense/lax contrast in initial, medial and
final position of a word.

As hinted at before, the segmental context is not the sole influencing factor
on the realisation of tense and lax stops. The prosodic position also aﬀects
stop production. Solé (2007:314) provides an overview which shows that in
English, ACT values of tense stops are higher in prosodically more prominent
positions than in less prominent positions (in stressed vs. unstressed syllables, in focused vs. non-focused position, in accented vs. unaccented syllables
and in domain-initial syllables vs. syllables within a prosodic constituent).
As Jessen (1998:328) remarks in a footnote, it is sometimes claimed that
German tense stops are aspirated only in foot-initial and in utterance-final
position (e.g., Hall 1992), an assertion that is disproved by his own data as
well as by the findings of Braunschweiler (1997).
In a study using electropalatography (EPG) on initial /t/ in diﬀerent
prosodic positions in English, French, Korean and Taiwanese, Keating et al.
19

Since word-final stops are not of primary interest in the present work, on-going debates
about the completeness of neutralisation and the appropriate domain (phonological word,
morpheme, or syllable, and within the syllable the coda as a whole or only the final
segment) for its application are not discussed here. The interested reader is referred to
Fourakis & Iverson (1984); Jessen (1998); Iverson & Salmons (1999); Wagner (2002);
Jongman (2004) and references cited there.
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(2003) find that all four languages exhibit domain-initial strengthening in
terms of ‘linguopalatal contact’ and in ‘seal duration’, that is, CDs are longer
in prosodically higher positions than at lower levels. An ACT-eﬀect is found
only for Korean with longer ACTs at higher prosodic levels, showing that
ACT is not necessarily aﬀected by prosodic prominence.20
For German, Jessen (1998:61ﬀ.) points out that, with regard to ACT, no
essential diﬀerences are reported for word-initial stops in utterance-initial as
opposed to word-initial stops in utterance-medial position. In a production
study on German word-initial stops preceding stressed /a/, Kuzla & Ernestus (2007) find that ACT in tense stops does not increase with higher levels
in the prosodic hierarchy, but instead decreases from word (ACT: 58.1 ms)
to intermediate phrase (53.4 ms) to intonation phrase (48.5 ms). The lax
stops do not show an ACT eﬀect. Unlike ACT, CD increases with higher
prosodic boundaries and in this case the observation applies to both tense
and lax stops. Furthermore, both Jessen (1998) and Kuzla & Ernestus
(2007) note that if closure voicing is present in lax stops, it occurs more often in utterance-medial than in absolute initial position. Utterance-medially,
prosodic boundaries are usually not marked by pauses, supporting the assumption that closure voicing is a passive concomitant phenomenon of a
sonorant environment.
Some additional, more explicit remarks are to be made on stops in wordinitial intervocalic context like in the phrases das schönste Paar [tas "Sø:nsth @
"ph a5] (‘the most beautiful couple’) and die schönste Bar [ti: "Sø:nsth @ "pa5]
(‘the most beautiful nightclub’), because this environment is chosen for the
present comparison of the perception of German and Swiss German stops.
Stops in this position are similar to utterance-initial stops with respect to
the word-onset position. With word-medial intervocalic stops they share the
highly sonorant environment before and after the stop. As can be seen in
Jessen (1998), tense stops in both contexts are produced with a considerable amount of aspiration which is lacking in the lax series. Furthermore,
20

The phonetic implementation of stop contrasts seems to play a crucial role in this
respect. Solé (2007) mentions that in English only tense stops are produced with longer
ACTs at prominent prosodic positions whereas lax stops seem to remain unaﬀected by
this kind of prosodic strengthening. Yet, this finding is restricted to languages which have
a contrast between phonetically voiceless and voiceless aspirated stops, for example the
majority of the Germanic languages. Languages which oppose prevoiced versus voiceless
unaspirated stops, like Dutch and the Romance languages, are found to enhance lax
stops in strong positions (via prolonged prevoicing) and tense stops remain unaﬀected
by prosodic position (e.g., Cho & McQueen 2005). The phonological implications of this
language-specific behaviour are discussed in chapter 3 with the diﬀerentiation between
aspiration languages and voice languages.
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he concludes that CD and length of the preceding vowel are reliable correlates of the contrast in intervocalic stops only in word-medial position.
In intervocalic word-initial position these phonetic properties do not diﬀer
significantly for tense and lax stops. In sum, ACT has to be regarded as the
most relevant cue to distinguish the two German stop series in this position.

2.2.3

Regional Variation and Speaking Rate Eﬀects

The velocity at which an utterance is produced can aﬀect the temporal
parameters determining the speech stream. It is known that ACT varies
depending on speaking rate and that the variation is only small for lax stops
but larger for tense stops. As speaking rate decreases, ACT values increase
(e.g., Schmidt & Flege 1996; Magloire & Green 1999; also cf. Solé 2007).
Miller & Volaitis (1989; also cf. Volaitis & Miller 1992) demonstrate that
perception adapts accordingly. In their experiments, the phoneme boundary
between (synthetic) /bi/ and /pi/ shifts to higher ACT values when speaking
rate is decreased. Apart from that they show that a decrease in speaking rate
involves a greater expansion of the category range on the ACT-continuum
for /p/ than for /b/, that is – like in production – the tense stops are allowed
more variation on the ACT continuum than the lax stops.
Variations in the production and perception of the German tense/lax
opposition also occur according to the regional provenance of the speakers.
Braun (1996:19) claims that stop articulation is one of the most important
factors in distinguishing several dialect regions of Germany. She further
notes that the influence of the regional background is particularly stable in
stop articulation, even if speakers switch from their dialect to a form of Standard German (Braun 1996:26).21 Nonetheless, her overview on how stops are
distinguished in terms of ACT and closure voicing in diﬀerent areas of Germany reveals that ACT is a distinctive correlate for speakers of all regions.
A more noticeable diﬀerence is observed in the presence/absence of closure
voicing in the lax stops. In line with the insights presented above, Braun
(1996:29) summarises that prevoiced stops occur only sporadically, and if
so, only in northern and central regions of Germany but not in the south.
The same proposition is oﬀered by Hakkarainen (1995:71), who claims that
people from southern Germany are generally unable to produce phonetically
voiced stops (and fricatives). Hakkarainen’s (1995) perspective is too strict
a view, but nevertheless it is roughly in accord with the assumption that the
laryngeal contrast – especially with respect to the presence versus absence
21

Note that according to Braun (1996:23) it is impossible to provide a consistent definition of the standard pronunciation.
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of glottal pulsing during closure – is more pronounced in the north than in
the south. The north/south diﬀerence is particularly obvious with regard to
the /s/–/z/ contrast in fricatives, which is maintained in northern regions
of Germany but mostly neutralised to [s] in the south (e.g., Fuchs et al.
2007). For stops, this tendency is supported by a comparison of the data
by Jessen (1998), who examined speakers from the north, to the data presented by Braunschweiler (1997), whose subjects come from the south. As
mentioned already above, Jessen (1998:87) finds that lax stops in posttonic,
word-medial position are consistently produced with vocal fold vibration
during the closure phase. Braunschweiler (1997:367), on the other hand,
reports many cases where lax stops in the same phonological environment
are produced without closure voicing.22 Both, Braunschweiler (1997) and
Jessen (1998) report significant ACT diﬀerences for the two stop series. Both
conclude that ACT is the most important diﬀerentiator for the German stop
contrast.

2.2.4

Summary

The preceding paragraphs demonstrate that it is too simplistic to assume
only one parameter with an absolute value that distinguishes two classes of
stops. Multiple phonetic aspects contribute to the contrast – being more or
less pronounced depending both on linguistic and extra-linguistic factors (see
also Kingston et al. 2008). Besides ACT and closure voicing, CD, length of
the preceding vowel, F0 and formant transitions in adjacent vowels as well as
properties of the burst were discussed. Despite this assemblage of phonetic
correlates observed in stop production, it can be assumed for German that
ACT is a good and quite stable indicator for which class a stop belongs to,
even across contexts. In her cross-linguistic approach to laryngeal contrasts,
Steriade (1997:10) emphasises the exceptional role of ACT:
“The significant fact is that in contexts where reliable onset cues like
VOT exist, the absence of other voicing cues – such as V1 duration,
closure duration, or F1 , F0 values on V1 – is mostly irrelevant.”

Furthermore, she notes that in cases where production provides conflicting
information, onset cues like ACT mostly override other cues in perception
22
It should be pointed out that Braunschweiler’s (1997) speakers come from the southwest of Germany. His study, like the present work, was conducted at the University of
Konstanz. It is assumed that his measurements are a useful guide as to what might be
expected for the experiments presented in the following chapters and that his data are well
comparable to ours (aside, of course, from other factors such as phonological context).
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(ibid.). A similar evaluation specifically of the German stop contrast is
found in Braunschweiler (1997) and Jessen (1998), who both come to the
conclusion that ACT is the most conspicuous and most reliable property to
distinguish tense and lax stops in German. Furthermore, Braun (1996) in her
investigation of dialectal influences on the German stop contrast marks ACT
as the distinctive factor to the tense/lax opposition irrespective of regional
background. Thus, overall ACT appears to be the most important and the
most reliable diﬀerentiator for the German stop contrast, with other factors
contributing only secondarily and in restricted contexts to the distinction.
As will be seen in the next section, the situation is diﬀerent in Swiss German.

2.3

The Phonetics of Swiss German Stops

Unlike Standard German, Swiss German does not have a laryngeal contrast
to diﬀerentiate two series of homorganic stops. There is common agreement
that all obstruents in Swiss German, including its dialectal variations, are
generally voiceless and unaspirated (e.g., Kohler 1984; Braun 1996; Siebenhaar & Wyler 1997). Neither ACT nor closure voicing are used to distinguish
the lax <b, d, g> series from tense <p, t, k>. As indicated already in table
2.1 (p. 15), consonant length is the relevant factor for the Swiss German stop
distinction.
Due to this length contrast, Swiss German occupies an exceptional position not only among the West Germanic languages, which mostly use ACT
diﬀerences to distinguish two stop categories, but also in the wide range of
the languages of the world. Length contrasts in vowels are attested for many
languages, among them German and Swiss German. Also, length contrasts
in stops in medial position – where lengthening is sometimes triggered by
morphological processes – are not seldom. However, a phonemic stop contrast that exclusively relies on length and which is present also in word-onset
position is rare among the world’s languages (cf. Abramson 1991). Kraehenmann (2003:67) also points out that in general “a distinction purely based
on length is very marked for stops” and even more so since the realisation of
a contrast built on CD diﬀerences alone is highly dependent on the phrasal
context (see section 2.3.1).
It seems that there are no detailed reports on the phonetic properties
of stops of ‘Swiss High German’, the standard variety of German used in
Switzerland (Fleischer & Schmid 2006). Yet, there are some studies concerned with the Swiss German stop systems as employed in particular dialectal varieties, for example, Winteler (1876) for the canton of Glarus, En-
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strom & Spörri-Bütler (1981), Fulop (1994), Willi (1996) as well as Fleischer
& Schmid (2006) for Zurich German, Ham (1998) for Bernese, and Kraehenmann (2001, 2003) and Stäheli Toualbia (2005) for Swiss German as spoken
in the canton of Thurgovia. These studies are concordant in their claim that
both tense and lax Swiss German stops are produced with short lag ACT
values and without closure voicing. Also, they concur in their view that
length (i.e., CD) is the most crucial distinctive factor in the Swiss German
stop system, with tense stops being considerably longer than lax ones.
Diﬀerences between the individual accounts are found with regard to the
terms used to describe the two stops series, to transcription conventions,
to potential secondary cues and also to proposed phonological representations. Many authors, for example Fulop (1994), Willi (1996) and Fleischer
& Schmid (2006) follow the proposition of Winteler (1876), who introduced
the terms fortis and lenis to describe the obstruent contrast without having to refer to specific laryngeal qualities (e.g., voiced or voiceless) of the
sounds. This terminology often includes the assumption that tension or
‘articulatory force’ is supporting the distinction in addition to CD (e.g.,
Kohler 1984; Fulop 1994).23 Others, like Ham (1998), Kraehenmann (2001,
2003) and Stäheli Toualbia (2005), prefer to describe the contrast as one
of singletons versus geminates. Regarding the use of IPA symbols, Fleischer & Schmid (2006:245) present an overview of transcription conventions
as found in the literature for the representation of the non-laryngeal contrast with [b, d, g], [b, d,g̊] or [p, t, k] found for the lax series and [p, t, k],
˚ ˚for the tense stops. As was clarified in chapter 1, the
[p:, t:, k:] or [pp, tt, kk]
23

‘Articulatory force’ is a somewhat contentious dimension which refers to various physiological correlates. Enstrom & Spörri-Bütler (1981:137), for example, list “intraoral air
pressure, tension in the peripheral articulators and closure duration of consonantal hold”,
all of which seem to be by-products of voicing and/or aspiration (Lisker & Abramson
1964:385f.). Kohler (1984:155f.) further mentions the speed and the extent of articulatory
movement and speaks of a “higher kinetic energy and therefore a greater momentary impact (as well as, possibly, a larger static pressure) between the articulators at the contact
area, resulting, in turn, in higher coarticulatory airflow during the occlusion” to distinguish fortis from lenis stops. Referring to an overview by Braun (1988), Jessen (1998:278)
states that the supralaryngeal properties characterising articulatory force (or the feature
[tense] in his terminology) mentioned in the literature display “many inconsistencies and
unexpected patterns”. Fulop (1994:56) notes that “the parameter (or perhaps several
parameters) of tenseness in obstruents has never been definitively described in relation to
articulation or acoustics”. While Kohler (1984) suggests to consider voicing and aspiration
as reinforcing mechanisms in the production of the lenis and fortis stops subsumed under
a relatively flexibly applicable ‘power feature’, Lisker & Abramson (1964:386f.) come to
the conclusion that the dimension of articulatory force is of “doubtful status”, arguing
that to their knowledge no language distinguishes stop categories that diﬀer exclusively
in force of articulation.
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IPA symbols [p, t, k] for lax stops and [p:, t:, k:] for tense stops are chosen
to represent the Swiss German stop distinction in the present thesis. The
phonological representation of the stops will be discussed in chapter 3.
Since nearly all subjects participating in the experiments of the present
work (see chapters 5 and 9) are from the canton of Thurgovia, the following
more detailed description of Swiss German stops will mainly follow Kraehenmann’s (2001, 2003) account of the Thurgovian stop system.
In a production study, Kraehenmann (2003) confirms the assumption
that ACT is irrelevant for the Swiss German stop system and that instead CD distinctively marks the contrast. She shows that ACT values
for word-initial, word-medial, and word-final stops – phrase-internally as
well as at phrase edges – do not diﬀer significantly for singletons and geminates. Across positions and all three PoAs, she reports voicing lags of
28.0 ms for singletons and 27.7 ms for geminates (Kraehenmann 2003:115;
Kraehenmann 2001:125: singletons: 25.3 ms; geminates: 24.3 ms). Similar
data indicating the absence of an ACT contrast in Swiss German tense and
lax stops are confirmed for the closely related dialect of Zurich German. Enstrom & Spörri-Bütler (1981:142) measure ACTs of 15.24 ms for singletons
and 14.94 ms for geminates in word-initial position. Fulop (1994:60) finds
a mean ACT of 14 ms for both tense and lax alveolar stops in initial, medial and final position. Willi (1996:99f.) reports comparable characteristics
for Zurich German stops claiming that ACT values (‘Explosionsphase’ in
his terminology) are virtually identical for lax and tense homorganic stops,
with a mean of 22.45 ms for both series in initial and medial positions.
In contrast to the ACT values, the CD values diﬀer significantly in the
Swiss German stop distinction. Kraehenmann (2003:115) measures mean
CD values of 67.3 ms for singletons and 119.2 ms for geminates across three
contexts and three PoAs (Kraehenmann 2001:125: singletons: 61.0 ms; geminates: 123.9 ms). Again, the findings are similar to the Zurich German data.
Fulop (1994:60) reports that the closure phases of word-medial and -final
geminates are four times the length of singletons in these positions. Willi
(1996:79) finds that geminates are more than twice as long as singletons.
On the basis of her data and the findings by others, Kraehenmann assumes that CD is the crucial diﬀerentiator for the Swiss German stop contrast. This view is also held by Stäheli Toualbia (2005). Others, for example, Fulop (1994) assume that ‘articulatory force’ is an additional, albeit secondary cue. In the vowels following word-initial tense stops, Fulop
(1994:61) observes “increased intensity, movement and clarity” in the formants above F2 and consequently puts forward the hypothesis that these
formant features might be used as a primary cue if the strong CD cue is
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absent. However, he does not provide perceptual data to substantiate this
claim. For Pattani Malay, an Austronesian language spoken in the south of
Thailand that shares with Swiss German the occurrence of geminate-onsets,
Abramson (1991, 1999) hypothesises that the amplitude of the first syllable
of disyllabic words and fundamental frequency might be useful secondary
cues when the CD cue is not present. However, perception experiments reveal that neither of the two correlates is suﬃcient as a cue by itself (Abramson 1991, 1999). In search of potential auxiliary cues besides CD, Hankamer
et al. (1989) investigate intervocalic geminate and singleton stops in Turkish
and Bengali. In both languages consonantal length contrasts occur exclusively in word-medial position between two vowels. The authors come to the
conclusion that although there seem to be very subtle, but non-definable secondary cues, CD is the only dependable factor for the discrimination of the
two sound categories in natural speech.
In a perception study on stops in phrase-initial position, Kraehenmann
(2003) demonstrates that there are no secondary cues to rely on in Thurgovian Swiss German when CD is not available. Listeners fail to distinguish
singletons from geminates in phrase-initial position (see also section 2.3.1).
Apparently, neither ACT nor other ancillary acoustic features can be considered to provide a reliable means in identifying the underlying length contrast.
Thus, CD appears to be the only relevant cue for the Swiss German stop
system. Kraehenmann (2003:141) emphasises:
“In contrast to some other languages with initial voiceless geminates
which seem to make use of secondary cues to recover the quantity
distinction when the main correlate is missing (Pattani Malay), Swiss
German only relies on the closure duration. If this correlate is absent,
the contrast is not recoverable.”

The ACT and CD values presented in the preceding paragraphs vary in
part considerably between studies. This might be due to diﬀerent methods
as well as to linguistic environment. Nevertheless, all of the data clearly
demonstrate the absence of an ACT contrast in Swiss German stops and the
conspicuous length contrast that reliably diﬀerentiates the two stop series.
Context-specific properties of the Thurgovian stops will be addressed in the
following section. Since some remarks on the literature on Swiss German
and its dialectal variations have already been made before, the geographical
environment will not be discussed any further.
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Eﬀects of Context and Speaking Rate

The Swiss German singleton/geminate contrast occurs in initial, medial
and final positions of a word. According to Kraehenmann’s (2003:116, 133;
2001:126, 135) data, the contrast is most distinct in word-medial posttonic
position with geminates being roughly thrice as long as singletons, geminates in initial position are approximately twice as long as singletons and
the contrast is least pronounced in final position of a word with a geminate–
singleton ratio of approximately 1.5 to 2.0. The Swiss German length contrast is realised in all intersonorant environments, that is, word-medially as
well as at word-edges in utterance-internal position. Regarding stops adjacent to obstruents, the situation is as follows. According to Kraehenmann,
there is no lexical contrast in obstruent clusters within words (e.g., Akte
‘file’) or word-finally (e.g., Abt ‘abbot’). Stops in this context are generally
classified as singletons (Kraehenmann 2003:117). Word-initial stops following a word ending in an obstruent are neutralised to surface as singletons.24
In a context where a word-final stop precedes a word starting with an obstruent, contrast maintenance depends on the preceding rhyme structure:
After branching nuclei, the contrast is neutralised (see also section 3.2).
There is no final neutralisation in Swiss German. Final stops are audibly released (with a short voicing lag for both singletons and geminates),
allowing for the perception of CD diﬀerences, thus resulting in contrast
maintenance also in utterance-final position. In word-initial stops at the beginning of an utterance the length contrast is not perceivable. As has been
mentioned before, CD is the only reliable cue to distinguish the two Swiss
German stop categories. Given the absence of closure voicing, this means
that the contrast is built on silent periods of a specific length. In utteranceinitial position, where no segmental context precedes, the starting point of
these silence intervals cannot be perceived, thus singletons and geminates
are perceptually indistinguishable in this position. However, Kraehenmann
& Lahiri (2007, 2008; see also Kraehenmann & Jaeger 2003) show that
the length contrast in absolute initial position is maintained in terms of
articulation even though there is no acoustic correlate that transports the
contrast for perception. With the help of EPG, they are able to measure
the duration of contact between the tip of the tongue and the hard palate in
24
Kraehenmann & Lahiri (2007, 2008) report that there is a statistically significant
articulatory contrast between singletons and geminates in word-initial position following
obstruent-final words. Geminates in this context are about 1.1 times longer than singletons. But since this diﬀerence is rather small they doubt its linguistic relevance and stick
to an interpretation of contrast neutralisation in this environment (see also section 3.2).
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the productions of word-initial alveolar singletons and geminates. The results demonstrate that the geminate stops are produced with a significantly
longer closure than the singletons (ratio 1.5). The authors further detect
that in phrase-initial context both /t/ and /t:/ are realised with CDs that
are about 100 ms longer than the same phonemes in a phrase-internal intervocalic environment (Kraehenmann & Lahiri 2008:4450: 249 ms vs. 164 ms
phrase-initially; 134 ms vs. 70 ms phrase-medially). Whether the articulatory length contrast in absolute initial position is of any use for a perceptual
distinction they leave to future research. At a first glance however, given
Kraehenmann’s (2003) perception data, it seems that the articulatory contrast is not helpful in the perceptual diﬀerentiation of words starting with
long stops as against words starting with short stops.
There are also prosodic influences on CD. As mentioned already in section 2.2.2, Kuzla & Ernestus (2007) observe longer CDs for German tense
and lax stops at the beginning of an intermediate phrase than in wordinitial phrase-medial position.25 For Italian, like Swiss German a language
with phonemic length contrasts in stops, Pickett et al. (1999) report longer
CDs in intervocalic word-medial position in stops following stressed vowels than in pretonic stops. In an EPG-study on Swiss German word-initial
alveolar stops, Kraehenmann & Lahiri (2007, 2008) find that the ‘duration
of maximum contact’ between tongue tip and hard palate is considerably
longer phrase-initially than phrase-medially, for both singletons and geminates. The diﬀerence in absolute CD for the two prosodic positions is larger
for geminates (phrase-initial: 249 ms, phrase-medial: 127 ms) than for singletons (phrase-initial: 164 ms, phrase-medial: 86 ms), but with regard to
the relation between initial and medial position, it can be seen that both
singletons and geminates in phrase-initial position are about twice as long
as the respective phonemes in phrase-medial position.26
Furthermore, speaking rate aﬀects the CD values in productions of singletons and geminates. Pickett et al. (1999) examine voiceless unaspirated
word-medial singletons and geminates in Italian in words spoken in isolation,
inside a carrier phrase uttered at a slow speaking rate and inside a carrier
phrase spoken at a higher rate. They report that CDs decrease from isolation
25

Note that higher prosodic levels, where domain boundaries are accompanied by pauses
in the speech stream (as the intonation phrase in the study by Kuzla & Ernestus 2007),
do not provide measurable CD data. EPG is the only way to assess consonant length in
these contexts.
26
The data are from Kraehenmann & Lahiri (2008). For the phrase-medial stops, the
values for stops following vowels and stops following obstruents were averaged. Kraehenmann & Lahiri (2007) report similar data.

40

2 Phonetic Properties

to slow rate to high rate. Regarding CD alone, the distinction between the
phoneme categories is maintained within speaking rates, but across speaking
rates it is lost. Yet, the authors discover that the ratio between the length of
the preceding vowel and the CD of the following stop represents a constant
relational measure to diﬀerentiate singletons and geminates in production
(but not across prosodic context: the ratio for pretonic stops diﬀers from the
ratio for posttonic stops). Besides, Pickett et al. (1999) demonstrate that
changing the ratio does also aﬀect the perception of the singleton/geminate
distinction, yet in a rather inconsistent manner. They note that when CD
is beyond a critical value, the ratio information fails to override the CD cue.

2.4

Summary and Comparison

The German and Swiss German stop systems are similar in that both languages have two stop series occurring at three PoAs (labial, alveolar, velar).
The German stop system is based on a laryngeal distinction. Lax stops
are characterised by a short voicing lag while tense ones display a long
voicing lag, that is, aspiration. The primary phonetic correlate to express
this contrast is ACT, a measure formerly referred to as (positive) VOT. It
has been noted that there might be some ancillary acoustic cues, for example,
CD, length of the preceding vowel and formant transitions into adjacent
vowels. Yet, overall it appears that they are rather weak in comparison
to ACT, suggesting that they are of minor relevance for the perceptual
distinction of the German stop contrast.
Swiss German diﬀers from Standard German in that it does not have
a laryngeal stop distinction. All obstruents are voiceless and unaspirated.
Instead, the two stop categories diﬀer only in terms of length with lax stops
– singletons – being clearly shorter than the tense ones, the geminates.
The investigations by Kraehenmann and her co-workers revealed that CD
is the most important acoustic correlate in the diﬀerentiation of singletons
and geminates and it also seems to be the sole reliable cue for perceptual
distinction. Table 2.5 displays the mean ACT and CD values measured in
productions of German and Swiss German stops in word-medial posttonic
position. The overview shows once more that Swiss German singleton and
geminate stops have nearly identical ACT values, whereas a large diﬀerence
is found in the CD values. The opposite pattern can be observed for German:
Stops diﬀer greatly with regard to ACT and have a rather small diﬀerence in
their CD values. Aﬃrmative perception data for German and Swiss German
stops in word-initial pretonic position will be presented in chapter 5.

2.4 Summary and Comparison

German
Swiss German
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/b, d, g/
/p, t, k/
/p, t, k/
/p:, t:, k:/

ACT
15.0 ms
46.0 ms
16.7 ms
15.9 ms

CD
62.0 ms
81.0 ms
55.9 ms
169.6 ms

Table 2.5: ACT and CD in word-medial German (Braunschweiler 1997:363)
and Swiss German (Kraehenmann 2001:127) stops.

Thus, the stop contrasts in the two languages will be regarded as an ACT
contrast in the case of the German laryngeal contrast and as a CD contrast
in the case of the Swiss German length distinction. The temporal relations in
the two stop systems are represented schematically in figure 2.4. The next
step will be to inspect the way in which the two systems are represented
phonologically.

Figure 2.4: Temporal relations of CD and ACT in German and Swiss German
stops. The length of the ‘adjacent segments’ is not meaningful in the present
scheme.
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Chapter 3

Phonological Representations
of Standard German
and Swiss German Stops
In chapter 2, it was shown that the German and the Swiss German stop systems diﬀer considerably with regard to their respective phonetic properties.
Although both languages have a two-way contrast in stops, the German contrast is implemented as a laryngeal distinction between voiceless unaspirated
and voiceless aspirated stops, ACT being the primary distinctive phonetic
correlate both in production and in perception. The Swiss German opposition between tense and lax stops, on the other hand, is realised as a
singleton/geminate contrast, which is based on the phonetic correlate CD
both in production and perception of the contrast.
The current chapter shows that the German and the Swiss German stop
systems diﬀer not only in their phonetic implementation but that there are
also essential diﬀerences in the phonological representations used to describe
the two systems on an abstract level. Therefore, the assumed phonological
specifications of German and Swiss German stops as well as some aspects
of appendant theoretical debates will be introduced. Note however, that
the main interest of the present thesis is rather in the phonetic than in the
phonological properties of stop contrasts. The early period of language acquisition examined in German and Swiss German infants is assumed to cover
mostly a ‘pre-phonological’ phase (see, e.g., Werker 1994; Stager & Werker
1997). It is not entirely clear when and how phonological features emerge in
the process of language acquisition, whether they are acquired with increasing linguistic experience or whether they are present from birth, an issue
43
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that will be further pursued in chapter 4. Nonetheless there seems to be a
consensus that the early stages of speech perception and language processing in general are determined rather by acoustic and articulatory phonetic
properties of the speech signal and less in terms of abstract phonological
representations. Apparently, phonological acquisition starts only in the second year of life. The perception experiments with the infants presented
in chapters 6, 7 and 9 address infants’ speech sound discrimination skills
only. In contrast to word-recognition or word-learning studies, the present
type of perception experiments does not require phonological knowledge for
successful contrast discrimination. For these reasons, the following explications are of a rather general nature, intended to provide some background
information. For more detailed considerations on the phonological representations of laryngeal and length contrasts in stops the reader is referred to the
literature (including further references) mentioned below. Since the infant
experiments are not designed to obtain insights on the phonological structure of the languages under investigation, no definite theoretical positions
or predictions will be provided in the present chapter. Similarly, chapter 4
will discuss the ‘pre-phonological’ period of language acquisition in a fairly
detailed way whereas the phonological development will only be touched
upon more generally.1

3.1

Standard German Stops in Phonology

Phonologically, laryngeal contrasts like the German two-way opposition between tense and lax stops use to be represented by means of distinctive features. Since the German laryngeal distinction pertains to obstruents only,
sonorants and vowels do not receive a specification for laryngeal features
at all. For German stops, a classical textbook representation, as found, for
example, in Hall (2000:107), suggests a featural specification as shown in
figure 3.1.2 However, the representation of laryngeal contrasts in obstruents
has been much debated by phonologists for more than half a century. One
main aspect in this still continuing debate pertains to the finding of crosslinguistic diﬀerences in the phonetic realisations of tense/lax oppositions in
two-way contrasting stop systems. As discussed in chapter 2, there are some
1

Note that ‘pre-phonological’ is meant to refer to infants who have not yet entered a
phase in which they start to systematically learn words and who have not yet begun to
establish a mental lexicon. ‘Phonological’ in this connection is not intended to imply that
children have mature, adult-like phonological representations.
2
Hall uses the German equivalents [+stimmhaft] and [−stimmhaft] instead of the English labelling [+voice] and [−voice].
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languages, including German, in which the tense/lax contrast is not one of
real voicing in the sense of vocal fold vibration but rather a contrast of
voiceless unaspirated versus voiceless aspirated stops. This fact as well as
diﬀerent phonological processes in languages with diﬀerent laryngeal twoway contrasts raised doubts on whether a feature [voice] is an appropriate
specification to capture the contrast in these languages.

Figure 3.1: Classical phonological representation of the German stop contrast
with a binary feature [±voice].

3.1.1

Laryngeal Features

Various proposals have been made with regard to laryngeal features. Regarding mono- or bivalence of features, Lombardi (1991, 1995b), for example,
advances the view that [voice] is a privative feature and that voicelessness is
never represented by [−voice]; it is rather the default realisation of obstruents that lack the laryngeal node. Wetzels & Mascaró (2001), in contrast,
claim that laryngeal properties must be phonologically specified by a binary
feature [±voice] in order to be able to capture phonological processes like
voice assimilation and devoicing cross-linguistically. Instead of a feature
[voice] – be it privative or binary – other features have been suggested to
represent laryngeal contrasts.
Based on a neat phonetic description of the operations at work in the
glottis during speech production and the acoustic eﬀects of various configurations of the larynx and the vocal folds, Halle & Stevens (1971) propose
four binary features for the classification of phonetic segments: [±spread
glottis] and [±constricted glottis], referring to the degree of glottal opening,
and [±stiﬀ vocal folds] and [±slack vocal folds], referring to the status of vocal fold tension. Grounded on the physiological insight by Kim (1970) that
the glottis is wide apart during the articulation of aspirated stops, Halle &
Stevens (1971) show that glottal aperture is not responsible for voicing as
has been presumed before. Instead, it is connected with aspiration. The
wider the glottal opening at the moment of stop release, the greater the
amount of aspiration (i.e., ACT). Voicing, on the other hand, is influenced
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by vocal fold tension. In voiceless stops, the vocal folds are tensed or ‘stiﬀ’,
inhibiting vocal fold vibration. Stops that display closure voicing are produced with slack vocal folds, allowing for glottal vibration during the stop’s
closure. Halle & Stevens (1971) suggest that these features should replace
traditional features like voicing, aspiration, glottalisation and vowel pitch.
Table 3.1 provides their featural description put forward for the phonemes as
they surface in the diﬀerent two-way laryngeal contrasts mentioned above.3
Feature
spread glottis
constricted glottis
stiﬀ vocal folds
slack vocal folds

[b, d, g]
–
–
–
+

[p, t, k]
–
–
+
–

[ph , th , kh ]
+
–
+
–

Table 3.1: Featural representation of voiced, plain voiceless, and voiceless
aspirated stops as given in Halle & Stevens (1971:51).

Halle & Stevens’s (1971) laryngeal feature framework has contributed much
to the debate on laryngeal features and the question of specification. While
[spread glottis] (or sometimes [aspiration], e.g., Lombardi 1991, 1995b) and
[constricted glottis] became widely accepted features to specify aspirates on
the one hand and ejectives and implosives on the other hand (e.g., Lahiri
& Reetz 2010), the features [stiﬀ vocal folds] and [slack vocal folds] were
only adopted by some (e.g., Halle 2003; Keyser & Stevens 2006). Wiese
(2000) notes the features referring to vocal fold tension but decides to
stick to the more common [±voice]. Moreover, the attention to the phonetic implementation of stop contrasts brought forward other suggestions.
Some accounts prefer to specify the tense stop series positively (i.e., not
by a ‘devoicing feature’ [−voice] but instead by a feature referring to the
voiceless/fortis/aspirated quality of the tense category), proposing several
other features. For instance, Kohler (1984) suggests to introduce a feature
[±fortis], Jessen (1998) uses [tense], and Iverson & Salmons (1995, 1999) as
well as Jessen & Ringen (2002) prefer [spread glottis]. A further motivation to replace the traditional [voice] feature lies in the advantage of having
3

Note that there is no role for Halle & Stevens’s (1971) laryngeal feature [±constricted
glottis] in the present selection of prevoiced, voiceless unaspirated and voiceless aspirated
stops. The feature is essential to cover implosives and ejectives. Both groups of obstruents
are irrelevant in the two-way contrasts examined in the present work.
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identical features for both consonants and vowels. Halle (2003) suggests to
replace the feature [±voice] by the feature [±stiﬀ vocal folds]. The latter
feature may be used to determine the laryngeal status of obstruents and
at the same time it refers to pitch in vowels. Consequently, phonological
processes concerning both vowels and consonants can be described as simple feature spreads between the two classes of sounds. In this way, Halle
(2003) explains the phenomenon of fricative voicing after unaccented vowels
in Indo-European known as Verner’s Law as a simple assimilation process
where the low-pitched vowel passes the feature [−stiﬀ vocal folds] onto the
following fricative. Similarly, in order to relate to both consonants and vowels, Jessen (1998:257) suggests to use [tense] as an ‘articulator-free’ feature
(i.e., not dominated by the laryngeal node in the feature hierarchy).
3.1.1.1

Two Hypotheses for Feature Specification

Since the phonetic implementation of tense/lax contrasts in stops as well as
phonological processes pertaining to these stops vary across languages, the
question of an appropriate feature specification for laryngeal contrasts goes
beyond terminological issues. As mentioned already in chapter 2, languages
with a two-way laryngeal stop contrast can be assigned to two diﬀerent
groups. Some languages make a contrast between prevoiced and voiceless
unaspirated stops (voicing lead vs. short voicing lag), whereas other languages oppose voiceless unaspirated to voiceless aspirated stops (short voicing lag vs. long voicing lag; also cf. Lisker & Abramson 1964). The latter
pattern is found in most Germanic languages including German and English. The Romance and the Slavic languages and also the West Germanic
languages Dutch, Yiddish and Afrikaans belong to the former group. Referring to this typological distinction between languages that employ closure
voicing and languages that use aspiration to disambiguate two stop series,
Iverson & Salmons (2003) introduced the terms voice language and aspiration language, which are adopted in the present thesis.
Regarding phonological representations, there are two main lines of argumentation relating to this typological distinction. One opinion holds that
phonology should abstract away from concrete phonetic realisations, employing the same standard feature for all two-way stop contrasts. In the
opposite view, features are more directly related to the phonetic realisation of a given phoneme. Consequently, voice languages are assumed to
have a diﬀerent phonological specification than aspiration languages. Hall
(2001:31f.) refers to these oppositional approaches as a broad interpretation
of the feature [voice] as opposed to a narrow interpretation of the feature.

48

3 Phonological Representations

While the broad interpretation allows [voice] to be an abstract feature to
distinguish various kinds of two-way stop contrasts, defenders of the narrow interpretation allow only those stop series to be specified with a feature
[voice] which are regularly produced with vibrating vocal folds. Implementations of a tense/lax contrast that do not make use of closure voicing as
a primary cue but rather of ACT are assumed to be specified with a feature other than [voice], for example, [spread glottis] or [tense]. Kager et al.
(2007) refer to a broad interpretation as single feature hypothesis whereas
the narrow interpretation is labeled multiple feature hypothesis, since a single
feature [voice] is assumed to be insuﬃcient to describe laryngeal contrasts
cross-linguistically. Adopting monovalent features, the respective specifications proposed by the two hypotheses are given in table 3.2.
Single Feature
Hypothesis
Multiple Feature
Hypothesis

voice languages
aspiration languages
voice languages
aspiration languages

[b, d, g]
[voice]
—
[voice]
—

[p, t, k]
[ ]
[voice]
[ ]
[ ]

[ph , th , kh ]
—
[ ]
—
[spread glottis]

Table 3.2: Feature specifications for two-way laryngeal stop contrasts as suggested by the single feature hypothesis and the multiple feature hypothesis.
Instead of [spread glottis], another label might be chosen as a feature for aspiration languages.

Since German belongs to the group of aspiration languages, the debate on
the abstract representation of laryngeal contrasts has a direct impact on the
phonological assumptions made for German stops. According to the single
feature hypothesis, the lax series is specified for [voice] and the tense series
remains unspecified. The multiple feature hypothesis, in contrast, suggests
that the German lax stops /b, d, g/ are unspecified while tense /p, t, k/ are
specified for a feature relating to aspiration, the most common feature in
this constellation being [spread glottis].4
The Single Feature Hypothesis Generally, there are proponents for
both approaches. As mentioned before, Wiese (2000) acknowledges the feature framework suggested by Halle & Stevens (1971) which allows for a
phonological representation that reflects the phonetic reality rather precisely.
4

Note that also binary features could be assumed. The unmarked members of a contrast
are represented by [ ] in a privative feature account. In a binary feature system they
would be assigned the negative values of the respective feature pair.
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Nonetheless, by continuing to use [±voice] to describe the German laryngeal system he sticks to the ‘traditional’ single feature hypothesis. Another
proponent of a broad interpretation is Lombardi (1991, 1995a,b). Kingston
& Diehl (1994) also opt for a [voice]-specification, which they motivate phonetically. They suggest that the feature [voice] should not only be used to
refer to segments that display glottal vibration during closure, but instead to
segments that are characterised by the ‘low frequency property’ (see chapter
2, where it is argued that this property is of minor relevance to the German tense/lax contrast and to laryngeal contrasts in aspiration languages
in general). Kingston & Diehl (1994) claim that the low frequency property
can be observed in both types of laryngeal contrasts (voiced vs. voiceless
and voiceless unaspirated vs. voiceless aspirated) and hence assume that
[voice] is the distinctive phonological feature for both voice languages and
aspiration languages.
Mikuteit (2006) follows Kingston & Diehl’s (1994) line of argumentation
and likewise suggests to specify the German stop contrast with an abstract
feature [voice] that may be implemented in two diﬀerent ways. One possibility is to implement it by a command ‘active vocal fold vibration’, the option
chosen by voice languages. In this case, all stops specified for [voice] are
produced with closure voicing whereas unspecified stops are marked by the
absence of closure voicing. The second possibility is to implement the [voice]
specification by a command ‘no active spreading’, which suppresses a large
glottal opening. Thus, Mikuteit (2006) assumes a glottal spreading activity
that is turned on by default. Consequently, phonologically unspecified stops
are automatically aspirated. Only in segments with a [voice]-specification
the active spreading of the glottis is inhibited and the vocal folds are instructed to adopt a neutral position, resulting in the production of voiceless
unaspirated stops. However, intuitively it seems unnatural to assume an
extra command to obtain a neutral, relaxed status while the default status
consists of an additional activation. Moreover, Mikuteit’s (2006) approach
leaves unclear how the assumed default spreading is suppressed in voice
languages, where stops are not produced with aspiration.
Another ‘single feature approach’ is proposed by Kohler (1984). Instead
of [voice] he suggests to use a ‘power feature’ [±fortis] to express laryngeal
contrasts cross-linguistically. He assumes a ‘relative invariance’ between
tense and lax stops, which may be realised phonetically diﬀerently depending
on language and context, but lax stops are always weaker than tense ones.
He argues that [±fortis] is an adequate feature to express phonetic power
relations phonologically (with ‘power’ referring to supraglottal movements
and the air stream, as well as to tension, especially in the larynx).
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The Multiple Feature Hypothesis The opposite opinion, arguing for a
multiple feature approach and a narrow interpretation of the feature [voice],
has yielded diverse proposals for phonological systems that account more
directly for the phonetic properties of phoneme contrasts. For instance, in
Keyser & Stevens’s (2006) model on speech processing, [+stiﬀ vocal folds] is
the distinctive feature to mark the English tense stop series. Additionally,
[spread glottis] is proposed to be a redundant (and language-specific) feature
that speakers of English use to enhance the contrast.
Based on a thorough examination of the phonetic properties of German
stops, Jessen (1998) proposes to use a feature [±tense] for contrast distinction in German. In his feature selection process, he closely sticks to articulatory and acoustic cues found in the German laryngeal contrast. To be able
to include Swiss German in the typological group of ‘non-voice languages’,
he rejects the feature [spread glottis] which directly refers to aspiration, a
phonetic correlate irrelevant for stop distinction in Swiss German (see chapter 2). Nonetheless, for Standard German he claims that aspiration is the
most reliable phonetic property of the contrast and thus the ‘basic correlate’
of the feature [tense] in this variety of the language.
A strong argument in favour of typologically diﬀerent phonological specifications for voice languages on the one hand and aspiration languages on the
other hand is the assumption that the feature which is active in phonological
processes is the marked and specified one. The diﬀerent phonological behaviours (e.g., concerning assimilation) found in the two types of languages
provide support for the multiple feature hypothesis with its claim that the
systems of specification must diﬀer in the respective languages.
Jessen & Ringen (2002) refer to the variation in the production of intervocalic lax stops as evidence for a [spread glottis] specification in German.
Since closure voicing cannot be observed consistently, it is – if present –
assumed to be passive voicing induced by the adjacent sonorant segments.
Jessen & Ringen (2002:205) claim that the variability is hard to account
for if [voice] is assumed to be the active feature, “since it would mean that
underlying voiced stops would be optionally devoiced intervocalically, the
environment most conducive to voicing”.
Iverson & Salmons (1995; also cf. Iverson & Salmons 1999) suggest that
in aspiration languages the tense series of the contrast is specified with the
‘fortis feature’ [spread glottis] while the lax counterparts remain unspecified. The feature [voice], in their view, is the defining feature for two-way
contrasts in voice languages, where the tense series remains unspecified. To
support their claim, Iverson & Salmons (1995) argue that in aspiration languages there are no phonological processes in favour of a feature [voice].
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Instead, it is rather the voiceless quality that spreads. For example, they
refer to sonorant devoicing in obstruent-sonorant clusters in English, where
a sonorant following a tense stop becomes voiceless (e.g., ‘plan’ /plæ̃n/ →
[plæ̃n]). In voice languages like Spanish there is no sonorant devoicing since
–˚
as Iverson & Salmons (1995) claim – the voiceless obstruents are not specified for a laryngeal feature and consequently there is no feature to spread
its voiceless quality (e.g., ["floriDa]).
A similar, yet structurally diﬀerent approach is oﬀered by Avery & Idsardi (2001), who suggest that laryngeal contrasts are not organised by distinctive features but by dimensions which are located at the interface of
phonology and phonetics. In their system, the laryngeal node dominates
three dimensions, ‘Glottal Width’ (GW), ‘Glottal Tension’ (GT), and ‘Larynx Height’ (LH). The dimensions, in turn, dominate gestures. For each
dimension, a universal default completion is assumed, which is the gesture
[spread] for GW and [slack] for GT. Hence, the default GW-dimension corresponds to the feature [spread glottis] as it is applied by Iverson & Salmons
(1995, 1999) and the feature [voice] is the equivalent to the default GTdimension. According to Avery & Idsardi (2001), the phonological contrasts
in obstruents are exclusively found on the level of dimensions, the gestures
themselves are not contrastive. They are motor instructions, which are
added for phonetic realisation. Thus, in their terms, aspiration languages
are assumed to specify the tense stop category for GW while the lax one
remains unspecified. Voice languages, on the other hand, are represented by
a GT/∅ specification, with the lax series being specified and the tense one
remaining unspecified. This system was later adopted by Iverson & Salmons
(2003) to provide further support for a typological contrast of voice and aspiration systems. With the model of dimensional representations they explain
the sound shifts from Indo-European to Germanic as a logical change from
a GT-system to a GW-system.
Language acquisition data are also used to support the multiple feature
hypothesis. Avery & Idsardi (2001:50) state:
“Clearly, phonological inertness must be a primary guide to the child
in the setting up of underlying contrasts. If there is no phonological
evidence for the presence of a feature through its activity in the phonological processes of the language, then there is no reason for the child
to utilize the feature in constructing the inventory.”

Kager et al. (2007) show that when acquiring laryngeal contrasts, the errors children make in their early productions diﬀer depending on the mother
tongue. Dutch children more often erroneously devoice underlyingly voiced
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stop-initial targets than vice versa (e.g., /bAl/ is produced as [pAl] instead
of [bAl] ‘ball’). German children’s errors are more often of the kind that
underlyingly tense (i.e., aspirated) word-initial stops are lenited to voiceless unaspirated stops on the surface (e.g., /"pUp@/ ["ph Uph @] surfaces as
["pUpa] ‘doll’).5 Following Jakobson’s (1941/72) hypothesis that children’s
initial errors mostly consist of a neutralisation to the unmarked values of
the phonological features, Kager et al. (2007) argue that under the multiple
feature hypothesis both devoicing in Dutch and lenition in German can be
accounted for by the absence of the respective laryngeal feature. Dutch children skip [voice] and thus produce voiceless stops. German children, on the
other hand, omit the feature [spread glottis] and thus produce unaspirated
stops. Kager et al. (2007) corroborate their claim by showing that English
children’s early productions often display laryngeal harmony processes that
can be explained best by assuming a feature [spread glottis] for English.

3.1.2

Summary

The preceding paragraphs have shown that there are many diﬀerent approaches focusing on the phonological representation of laryngeal contrasts.
Without a universally accepted general feature framework, it is clear that
there is no unified representational system for the German tense/lax contrast
either. The present work does not aim to contribute to the discussion how
to represent laryngeal features and, thus, leaves it to others to maybe some
day settle the issue. Here, the focus is clearly put on the phonetic implementation and on the acoustic properties of stops, with phonology playing
only a subordinate role. What should be kept in mind is that the assumed
phonological representation for laryngeal contrasts like the tense/lax opposition in German is based on distinctive features and that the most important
phonetic correlate for the German contrast is ACT.

3.2

Swiss German Stops in Phonology

The phonological representation of length contrasts in consonants (and also
in vowels) diﬀers essentially from the phonological representation of the
German contrast. Unlike laryngeal contrasts, length contrasts are not represented by distinctive features here but on a suprasegmental level with
reference to timing units. Regarding Swiss German stops, distinctive features are used to specify the stops’ respective PoAs and with regard to their
5

The data are from Kager et al. (2007:47,52), IPA transcriptions added by the author.
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identity as stops, but no feature refers to whether the phonemes are categorised as singletons or geminates. There have been accounts using features
to capture length distinctions. One possibility was oﬀered by Kohler (1984)
who suggests a ‘power feature’ [±fortis] that distinguishes homorganic stops
irrespective of whether the contrast is realised phonetically as one of diﬀerent laryngeal dimensions or in terms of length. Jessen (1998:154) assumes a
feature [±tense] that is applicable for Standard German as well as for Swiss
German stop contrasts. In his account, both ACT (aspiration duration in
his terms) and CD are correlates of this feature. Thus, both German varieties are assumed to be featurally specified alike, the diﬀerence between the
two lying only in the phonetic implementation of the feature. An alternative
featural account that directly relates to the underlying length contrast is to
assume a feature [±long] as proposed by Chomsky & Halle (1968).
Yet, phonologists have agreed that a suprasegmental representation is
more appropriate than a representation via segment-bound features. Instead of distinctive features, consonantal (as well as vocalic) length is nowadays commonly represented in terms of timing units on a skeletal tier (e.g.,
Clements & Keyser 1983; Levin 1985; Hayes 1986; and also Ridouane 2010).
In this representation, illustrated in figure 3.2, singletons are linked to the
timing tier by one association line, geminates occupy two timing slots, that
is, they are doubly linked.6 The models of featural length representations
do not fully account for the fact that a geminate sometimes behaves like
a singleton doublet but in other contexts behaves like one long single unit.
By way of featural representation it is possible to represent a geminate
as one segment with the feature [+long], but it can just as well be represented as two segments each bearing the feature [–long]. Kraehenmann
(2003:14f.) refers to this issue as the ‘Ambiguity Problem’. More arguments
in favour of a skeletal instead of a featural representation are provided by
Hall (2000:254ﬀ.). For a more detailed discussion of the phonological representation of quantity contrasts, also mentioning weight as an alternative
to length, see Kraehenmann (2003:13ﬀ.). As with the phonetic aspects, her
account will be followed in the phonological description of the Swiss German
length contrast.

6

Length contrasts in vowels are represented alike. Long vowels are associated with two
slots on the timing tier while short ones are linked to one (e.g., Wiese 2000:38f.).
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Figure 3.2: Skeletal representation of length contrasts in Swiss German stops
(Kraehenmann 2003:27).

3.2.1

Length Contrasts in Diﬀerent Phonological Contexts

As a basis, Kraehenmann (2003:10f.) assumes the syllable template shown
in figure 3.3.7 Given the skeletal representation of the length contrast, the
phonological specification of Swiss German stops has a direct impact on
syllable structure, as the example in figure 3.4 on word-medial intervocalic
stops illustrates. The singleton /p/ is confined to the onset of the second
syllable. The geminate, in contrast, becomes ambisyllabic. The first one of
the two timing positions is associated with the coda of the first syllable, the
second position marks the onset of the second syllable. As Kraehenmann
(2001, 2003; also cf. Kraehenmann & Lahiri 2007, 2008) has shown, this
representational system directly reflects and plausibly accounts for the phonetic implementation of the stops in diﬀerent phonological environments. As
mentioned in section 2.3, the Swiss German quantity contrast is maintained
in intersonorant position irrespective of whether the stops occur within a
word or at its edges. In these intersonorant contexts, syllabification patterns are comparable to the example in figure 3.4 where singletons belong
to one syllable while geminates are linked to two syllables.

7

The appendix is restricted to coronal obstruents in Thurgovian Swiss German. The
rhyme may comprise at most three positions. No obstruents are allowed in the nucleus,
of which the first position always is a vowel. The coda may also be branching, but only if
the nucleus is mono-positional and only if the coda segment is a geminate.
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Figure 3.3: Basic syllable template for Thurgovian Swiss German, adopted
from Kraehenmann (2003:10). C=obstruent; S=sonorant; V=vowel.

Figure 3.4: Representation of Swiss German stops in word-medial intersonorant position: contrast maintenance.

A more complex situation is given at phrase edges. Phonologically, the distinction is maintained in utterance-initial and utterance-final position. In
this case, the syllable level leaves no space for the additional geminate position. However, as Kraehenmann (2001, 2003) suggests, one of the two
required geminate slots can be licensed extraprosodically by linking it directly to the domain of the phonological word (ř). As explained in chapter 2,
the contrast is articulated in utterance-initial and in utterance-final position
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(see Kraehenmann & Jaeger 2003; Kraehenmann & Lahiri 2007, 2008), but
is indistinguishable perceptually in utterance-initial position. An exemplary
representation for phrase-initial geminates is given in figure 3.5.

Figure 3.5: Representation of Swiss German stops in phrase-initial position:
contrast maintenance.

In word-initial stops following obstruent-final words the contrast is neutralised (see figure 3.6). Since syllable structure allows only for the licensing of one stop position, the extra geminate slot is deleted by Stray Erasure, resulting in neutralisation. The phonetic data support this analysis:
All stops in this context surface as singletons. In word-final stops preceding obstruent-initial words, contrast maintenance depends on the preceding
rhyme structure. If the nucleus is non-branching, as in figure 3.7a, both
geminate positions can be licensed and the contrast is maintained. After
branching nuclei, however, one geminate slot is deleted by Stray Erasure,
leading to contrast neutralisation, as shown in figure 3.7b. The context of
primary interest for the present investigation is one where stops contrast in
word-initial intervocalic position as in the minimal pair de Bart ‘the beard’
versus de Part ‘the part’, where the contrast is maintained and geminates
become ambisyllabic.
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Figure 3.6: Representation of Swiss German word-initial stops following
obstruent-final words: contrast neutralisation.

Figure 3.7: Representation of Swiss German word-final stops preceding
obstruent-initial words; a) contrast maintenance after non-branching nucleus;
b) contrast neutralisation after branching nucleus.
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Summary

Overall, it should be emphasised that the Swiss German stop contrast is
not only special in its phonetic properties when compared to other West
Germanic languages or even when seen in the whole of the world’s languages
but also with regard to its phonological representation of the stop contrast.
Typically, stop contrasts are organised by the use of distinctive features.
The Swiss German length contrast, however, is better analysed in terms of
a skeletal representation that directly influences syllabification. Although
the present thesis does not focus on phonological acquisition, the diﬀerences
between the featural and the skeletal system make the comparison of German
and Swiss German stop contrasts an interesting topic from a phonological
point of view, a field that has to be left for future work.

3.3

Summary and Implications for Acquisition

Although German and Swiss German are closely related languages, diﬀerences are found in the phonetics and phonology of the respective stop systems. German uses a two-way laryngeal contrast that distinguishes voiceless
unaspirated stops from voiceless aspirated ones. As was shown in chapter 2,
the primary phonetic attribute that marks the contrast in production and
in perception is an ACT distinction. Swiss German also distinguishes two
categories of stops but it does not use a laryngeal contrast. Instead, singleton stops contrast with geminates in length, with CD being the essential
phonetic correlate for both production and perception.
Basic diﬀerences between the German and the Swiss German stop systems are not only found in the respective phonetic implementations of the
tense/lax opposition in the two languages, but also extend to phonological
representations. As became obvious in the preceding sections, it is not only
a question of diﬀerent featural specifications. Rather, the German and the
Swiss German stop contrasts are assumed to be represented on diﬀerent
phonological levels. The German ACT contrast is represented by means of
a laryngeal feature on a segmental level, whereas the Swiss German CD contrast is represented prosodically on a suprasegmental level. For the German
laryngeal contrast it was shown that the debate on which feature specification is most appropriate to represent the tense/lax opposition is far from
settled. The Swiss German contrast between singletons and geminates is
represented by association lines to timing units within the syllable. Singletons occupy one timing slot, geminates are linked to two timing units,
thus directly influencing syllable structure. A comparative depiction of a
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potential phonological representation of the German laryngeal contrast and
of the Swiss German length contrast is given in figure 3.8.

Figure 3.8: Phonological representation of German and Swiss German stops.
/b, p, p:/ stand for root nodes. Note that the laryngeal nodes without featural
marking are redundant and should be omitted completely (see Lombardi 1991,
1995a,b). They are added here to emphasise the representational diﬀerences.

Some remarks are due considering the implications that the two diﬀerent
types of stop contrasts pose for language acquisition and in particular for
the present research. As will become evident in more detail in chapter 4,
early language acquisition is determined by a developmental change from a
universal phonetic perception to a language-specific phonological/phonemic
perception. Thus, although early phonological representations are not focussed on in the experiments presented in the following chapters, phonology
comes in in terms of the respective phoneme inventories of the languages
under investigation.
With regard to phonetics, chapter 2 showed that both the German and
the Swiss German stop contrast are grounded on temporal parameters,
namely the duration of a voicing lag (ACT) in the case of German and
the duration of the closure phase (CD) in the case of Swiss German. From
an acoustic point of view, the laryngeal contrast as it is realised in aspiration languages is fairly salient (e.g., Stevens & Klatt 1974). Therefore, it is
not surprising that young infants succeed in discriminating short lag/long
lag stop contrasts (e.g., Eimas et al. 1971; see chapter 4 for details). The
laryngeal contrast in the voice languages, where (the presence and absence
of) closure voicing is the primary phonetic correlate to mark the opposition,
is less salient than the aspiration contrast. Consequently, it is also more
diﬃcult to distinguish for young infants (e.g., Eimas et al. 1971; Lasky et al.
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1975). Given that the Swiss German length contrast is not one of diﬀerent
noise (i.e., aspiration) intervals but of diﬀerent intervals of silence, it is less
salient than the German phoneme distinction and, thus, is assumed to be
harder to discriminate for very young children. The perception of both ACT
and CD contrasts by infants in their first year of life will be discussed at
length in chapter 4.
In order to understand and diﬀerentiate the words of a language, children
need not only discriminate phonetic speech contrasts but they must also become aware of which contrasts are used to convey meaning in the language
they are about to acquire. In other words, they have to become aware of
the phoneme inventory and of the phonology of their mother tongue. Infants begin to comprehend their first words already in the second half of the
first year of life (see Jusczyk 1997:89) and they utter their first own productions around the age of 12 months. Nonetheless, a fine-grained phonological
system seems to emerge only somewhat later in the second year of life. Perceptual studies suggest that the ability to distinguish minimal pairs is only
about to evolve at the age of 14 months. While familiar words are distinguished successfully, 14-month-olds exhibit diﬃculties in distinguishing
unfamiliar words that diﬀer in one phoneme only (e.g., Stager & Werker
1997; Fennell & Werker 2003). Only at an age of 17 months and older, more
reliable distinction is observed in word-learning tasks – as opposed to the
less demanding word-comprehension tasks (e.g., Werker et al. 2002).
A crucial factor in the acquisition of a phoneme inventory and of an
abstract representation of contrasts seems to be perceptual salience. Fikkert
(2010; also cf. Altvater-Mackensen & Fikkert 2010) argues that perceptually
salient elements (e.g., vowels and onset consonants) are the first elements
chosen for production and also the first elements to be featurally specified
(see also chapter 4). The Dutch laryngeal contrast between prevoiced and
voiceless unaspirated stops is less salient than the English short lag/long lag
aspiration contrast. Supporting the assumption that more salient contrasts
are acquired before less salient contrasts, Kager et al. (2007) show that,
in production, the laryngeal contrast in Dutch is acquired later (completed
beyond age 2;6) than the English laryngeal contrast (completed by the age
of 2;0; cf. Kager et al. 2007 and references there).With regard to speech
perception, van der Feest (2007) demonstrated that PoA contrasts in Dutch
seem to be specified earlier in infants’ phonological systems than the less
salient Dutch laryngeal contrast.
In analogy to these findings, the phonetic bases of the German and the
Swiss German phoneme contrasts suggest that the German laryngeal contrast will be easier to acquire phonologically than the Swiss German length
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contrast. As said before, the diﬀerent representational systems (segmental
level/features vs. suprasegmental level/timing units) provide an interesting
research topic per se, which cannot be dealt with in detail in the present
work. The experiments presented in chapters 6, 7 and 9 are designed to
assess infants’ speech sound discrimination skills only, without testing their
phonological knowledge required for word recognition and word learning.
Nonetheless, the role of an abstract phonological system in the process of
first language acquisition will be addressed in chapter 4. A possible explanation for how infants could come to find abstract labels or representations for
the phonetic categories deducible from the acoustic signal will be discussed
in connection with statistical learning and an exemplar-theoretic approach
to phonological acquisition (also cf. chapter 7). Yet, before turning to the
acquisition of phonology, chapter 4 will start with a detailed account of
infants’ perception skills in the first year of life.
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Chapter 4

Acquiring Phoneme
Contrasts
4.1

Preliminary Remarks on Phoneme Perception

As has been mentioned at the very beginning of this thesis (cf. chapter
1), the process of language acquisition has been going on for quite some
time when young children start to utter their first words. By listening
carefully to the speech of others, they have already collected a lot of useful
information about the ambient language. The present thesis focuses on
these first essential steps that infants take in acquiring a language that is
to become their mother tongue and is primarily concerned with the phase
of development before infants start speaking themselves. Accordingly, the
current chapter will address the topic of infant speech perception and in
particular the early perception of phones and phonemes.1 With regard to
that latter aspect of language acquisition, infants’ developmental progress
will be traced from a sort of universal perception in their first months of life
to a language-specific speech perception from around 10 months onwards up
to the early stages of lexical acquisition in the second year of life.
A crucial concept in the debate on how infants perceive speech sounds
and form a native phoneme inventory relates to the phenomenon of categorical perception. Before discussing speech perception in infants, a few remarks
shall be made on the perception of speech sounds in general. ‘Categorical
perception’ refers to the grouping of similar sounds into one category, within
which variations do not aﬀect meaning. This is a reasonable simplification
for perception, since a phoneme, for example /b/, is never produced identi1

Aspects of speech production will be touched upon only marginally.
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cally in two utterances. The sources for variation are manifold and they may
aﬀect the phonetic cues that characterise a specific phoneme category. First
of all, the concrete realisation of a phoneme is influenced by linguistic context. A sound might be produced diﬀerently depending on the phoneme’s
position in a word, the surrounding segments and also whether it is stressed
or not. Word-medial German /b/, for instance, is often produced with closure voicing in posttonic intervocalic position. In pretonic position as well
as word-initially, however, it mostly surfaces as voiceless [p] (see chapter 2).
Nonetheless, listeners usually perceive both sounds as appropriate representatives of the same phonological category /b/. Other factors of variation are
speaker identity, intensity, speech rate, anatomical diﬀerences between men,
women and children, or register (cf. also Kuhl 2004). But within a certain
range of tolerance, these diﬀerent productions are all processed as the same
phoneme /b/ by the listener.
The phenomenon of categorical perception was experimentally investigated for the first time by Liberman et al. (1957). They show that American
English adults are able to identify and discriminate the English phonemes
/b, d, g/ on a synthetically produced sound continuum. Two important aspects of their findings ought to be mentioned here. First, the boundaries
between the individual categories are sharp, i.e., perceived shifts from one
category to the other occur abruptly. There is no gradual transition between phonemes. Second, discrimination between sounds that fall into two
diﬀerent categories is much better than when the sounds to be discriminated
belong to the same category. This latter finding provides a strong argument
for categorical perception and has often been simplified by generalising it to
the idea that only cross-categorical contrasts are discriminated easily while
within-category diﬀerences are not perceived at all. However, already the
study by Liberman et al. (1957) as well as various subsequent studies show
that this is too strict an interpretation of categorical perception and that
subjects perceive also within-category variation – albeit less reliably (see,
e.g., Aslin et al. 1981).
With regard to vowels, Kuhl (1991), for instance, demonstrates that
variation within a phoneme category can be perceived and, moreover, that
categories themselves display some internal structure. In a first experiment,
English adults were asked to rate variants of the vowel /i/ as to their quality
as representatives of the vowel occurring in the word ‘peep’. Results indicate that subjects succeed in perceiving slight within-category variations
and there is a robust cross-subject consistency with respect to which tokens
are considered to be good and not so good representatives of the category
/i/. The ideal representative is called ‘prototype vowel’ by Kuhl (1991). In
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three subsequent experiments, using the Conditioned Head Turn Procedure
(CHTP)2 , she shows that the quality of the vowel – whether it is prototypical or not – has an influence on human adults’ and 6- to 7-month-old
infants’ perception of other vowel tokens of the same category, but not on
speech sound perception by rhesus monkeys.3 For adults and infants, a prototype vowel as a referent against which variants of the same category have
to be detected makes within-category distinction more diﬃcult than when
a non-prototypical /i/ serves as the referent. In the latter case, withincategory variation is detected more successfully. In other words, when the
repeated background vowel is a prototype, variants of this vowel are more
often generalised as being the identical sound than when the background
vowel is not a prototypical token – although the psychophysical distance is
the same in both conditions. This asymmetry is not found for rhesus monkeys. Kuhl (1991:99) describes this phenomenon of categorical perception
as a ‘perceptual magnet eﬀect’, which she claims to be unique to human
speech perception:
“[. . . ] a prototype acts like a perceptual “magnet”: Surrounding members of the category are perceptually assimilated to it to a greater
degree than would be expected on the basis of real psychophysical distance. Relative to a nonprototype of a category, the distance between
the prototype and surrounding members is eﬀectively decreased; in
other words, the perceptual space seems to be “warped,” eﬀectively
shrunk around the prototype.”

The findings by Kuhl (1991) indicate that phoneme categories are internally
structured, with an ideal representative for each category (the so-called prototype) and variants that deviate from that prototype but still belong to the
category. Kuhl’s work shows that variation, which is indisputably present
in production, can also be detected in perception. Moreover, it becomes
clear that phonological categories are more than groups of sounds that fall
into a particular range of physically/acoustically determined values. The
category-internal structure with an ideal prototype at the centre suggests
that phoneme categories are mental constructs. This assumption is further supported by the finding that within-category variation and prototypeeﬀects are subject to language-specific perception (e.g., Kuhl et al. 1992,
2

Recall that descriptions of the methods used in assessing infants’ linguistic skills are
given in appendix A.
3
Variants of the CHTP were used to adapt the procedure to adult and animal testing.
It is common practice to extend the CHTP experiments to adult testing. Mostly, adults
are asked to raise one of their hands instead of turning their heads to indicate contrast
discrimination. This will no longer be mentioned explicitly in the remainder of the thesis.
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see section 4.2.2). A given sound x may serve as a prototype in one language and accordingly hamper the detection of within-category variation,
whereas it may be neutral (no prototype) in another language, consequently
allowing for within-category sound discrimination. Thus, Kuhl’s data can
be taken as evidence for the existence of abstract mental representations of
phonemes, which have a strong influence on the perception of speech. The
perceptual asymmetries reveal that the brain has stored an ideal sound, the
prototype, for a given category and listeners try to map variants onto that
ideal representative. As long as deviation from the prototype is not too big
(i.e., as long as deviant sounds do not cross a category boundary) they are
perceived as appropriate representatives of the phoneme category. Variation
that is not structured around a prototype, by contrast, is less aﬀected by
categorical structure and perceived in a more general acoustic/phonetic way
allowing for the detection of variation.
Turning to language acquisition, the question is how infants and young
children come to know the prototypes of the language they are about to
acquire. To put it more generally, how do young language learners establish a
phoneme inventory? Since phoneme categories diﬀer for diﬀerent languages,
they have to be acquired in some way. The following section focuses on
previous research trying to explain how young language learners tackle the
task of acquiring the phoneme inventories of their respective mother tongue.

4.2

From Universal to Language-Specific Speech
Perception

Although it has been demonstrated that infants’ speech perception is influenced by maternal speech already prenatally (e.g., DeCasper & Spence
1986; DeCasper et al. 1994), the mothers’ utterances audible in the womb
do not seem to aﬀect the perception of single speech sounds. Rather, they
lead to the formation of first prosodic preferences. In particular, neonates
show a preference for the intonational patterns of their mother tongue and
are able to discriminate their mother tongue from other languages with different intonation patterns (e.g., Mehler et al. 1988; Moon et al. 1993; Nazzi
et al. 1998). Regarding infants’ perception of segmental speech contrasts,
all infants seem to begin from largely the same position with an initial phase
of universal speech perception. In their first months of life, they are able
to discriminate phonetic contrasts of all languages. Gradually, the universal
perception develops into a language-specific perception of speech contrasts.
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A landmark study by Werker & Tees (1984), which has remained influential to date, provides the basis for this commonly accepted assumption. In a CHTP task the authors demonstrate that Canadian English 6to 8-month-old infants are able to discriminate two PoA contrasts in stops
which are not distinctive in the English phoneme inventory (Hindi dental
[t”a] vs. retroflex [úa] and Thompson velar and uvular ejectives [k’i] vs. [q’i]4 ).
Older Canadian English infants, aged 10 to 12 months and Canadian English adults fail to discriminate the contrasts whereas Hindi and Thompson
adults and 11- to 12-month-olds reliably discriminate the respective native
contrast. A control condition shows that the older English infants have no
diﬃculties in discriminating the native PoA contrast between [ba] and [da].
Similar results are obtained in two preceding studies (Werker et al. 1981;
Werker & Tees 1983) for the Hindi laryngeal contrast between voiceless aspirated [th a] and voiced aspirated [dh a]. In sum, the experiments by Werker
& Tees (1984) reveal that 6- to 8-month-old infants – in contrast to adults
– are able to discriminate non-native speech contrasts and that this ability
is no longer observable at the end of the first year of life. Their findings had
far-reaching consequences for the field of infant speech perception research.
Studies of the 1970s and early 1980s had yielded sometimes contradictory
results and were problematic to compare due to diﬀerent test methods and
varying age ranges of the children (see also section 4.3). The findings by
Werker and her colleagues seemed to suggest a generalisable pattern for the
acquisition of speech contrasts, in particular, they were seen as evidence
that the decline in sensitivity to non-native consonant contrasts in laryngeal
quality and PoA occurs at around 10 to 12 months of age. This developmental pattern is often termed ‘perceptual reorganisation’ (see Werker & Tees
1984). Apparently, infants start life with universal perception skills which
decrease between 6 and 12 months in favour of a reorganised perception that
is specialised to the discrimination of only native speech contrasts.
A strict interpretation of this development is referred to as universal
theory by Aslin & Pisoni (1980a). It presumes that all phonetic contrasts
existent in natural languages are discriminable at birth. The maintenance
of the discrimination ability for a given contrast depends on whether the
contrast is present in infants’ early linguistic experience or not. If it is a
phonological contrast in the child’s ambient language, the distinction will
be maintained whereas the absence of the contrast leads to a loss of the
discriminability of this particular contrast. There has also been some debate
4

Thompson is an Interior Salish language, spoken in south central British Columbia.
In other publications, the language is referred to as Nthlakampx.
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on the nature of the decrease in discriminability in terms of whether it is a
complete, irreversible loss or just an attentional deficit. Since studies with
adults and, most notably, studies in second language acquisition have shown
that adults are able to (re-)learn to distinguish foreign phoneme contrasts
perceptually, the hypothesis of an irrevocable loss of discriminability was
abandoned (see Aslin & Pisoni 1980a; and, e.g., Bradlow et al. 1997).
The paper by Werker & Tees (1984) generated a number of studies which
aimed to put the hypothesis of perceptual reorganisation during the first
year of life to test. There are indeed numerous studies on various consonant
contrasts which yield similar results. For example, Werker & Lalonde (1988)
find a significant decline in contrast discrimination for Canadian English 11to 13-month-olds as against 6- to 8-month-olds when tested on the Hindi
PoA contrast between dental [d
”] and retroflex [ã]. Kuhl et al. (2001) report
the same pattern for (a) American English infants tested on a Mandarin
Chinese contrast (alveolo-palatal aﬀricate [tCh ] vs. alveolo-palatal fricative
[C]) and (b) Japanese infants tested on the English [r]–[l] contrast. A study
by Best & McRoberts (2003) adds three isiZulu contrasts to further support
the developmental pattern of perceptual reorganisation. In particular, they
contrast (a) a labial voiced stop [b] to a labial implosive [á], (b) a velar
voiceless aspirated stop [kh ] to a velar ejective [k’] and (c) a lateral voiceless
fricative [ì] to a lateral voiced fricative [Ð]. For all three contrasts, American
English 6- to 8-month-olds are better in discriminating the isiZulu phonemes
than 10- to 12-month-olds from the same language background.
A similar pattern has been found for the acquisition of phonemic vowel
contrasts. While some suggest a diﬀerent developmental time course with
specialisation on the phonemic contrasts of the mother tongue already at the
age of 6 months (e.g., Kuhl et al. 1992; Polka & Werker 1994) others claim
that a robust eﬀect of vowel reorganisation occurs only at 10 to 12 months,
that is, at the same time when consonants are perceived phonemically (e.g.,
Polka & Bohn 1996; Cheour et al. 1998). The diverging findings are attributed at least partially to the specific phonetic properties of the stimuli
used in the respective studies (cf. Polka & Bohn 1996). Thus, although the
timeline may diﬀer for vowels and consonants, the literature provides ample evidence for a perceptual reorganisation during the first year of life. In
spite of the fact that most of the aforementioned studies are conducted with
infants from English-speaking environments, the findings seem to support
the suppositions made by universal theory, namely that all contrasts are discriminable at birth and that a contrast’s (ir)relevance in the native phoneme
inventory leads to either the maintenance or the loss of the discrimination
ability. There are, however, other studies which show that universal theory
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makes too broad generalisations and that the issue of contrast discrimination
in early speech perception requires a more diﬀerentiated approach.
That a general assumption pertaining to the perceptual development
of all contrasts is too simple a solution became explicitly apparent in 1988,
when Catherine Best and her colleagues published their findings of American
English-learning infants’ discrimination of contrasts between isiZulu click
consonants.5 First of all, Best et al. (1988) demonstrated that American
English adults had no diﬃculties in discriminating several isiZulu clicks even
if the sounds were modified in amplitude, eliminating the features supposed
to make the contrast most robust. The authors then tested English infants’
ability to discriminate the PoA contrast between the voiceless unaspirated
apicodental click as in the syllable [Øa] and the lateral alveolar click as in
[Ûa] in a visual fixation (VF) task. All infants, distributed to the four age
groups 6 to 8, 8 to 10, 10 to 12 and 12 to 14 months, showed adult-like reliable
discrimination of the click consonant contrast. In line with the assumptions
of universal theory, the positive results for the 6- to 8-month-olds suggest
that the discriminability of the isiZulu clicks is present in the first months
of life. Beyond that, the findings suggest that the click distinction is not
subject to decline during the second half of the first year of life. Although
the contrast occurs neither as a phonemic nor as an allophonic distinction
in English, discriminability is maintained, thus contradicting the predictions
made by universal theory.
Yet another pattern of perceptual development is attested. It has been
observed that for some contrasts, perception starts with a rather poor discriminability and only when the infants grow older and have had some experience with their mother tongue, they learn to listen to the cues that are
relevant for these particular phonemes. This was suggested already in 1979
by Eilers et al. (1979a), who focus on infants’ perception of prevoiced stops
(see section 4.3). More recently, a study by Polka et al. (2001) examines
Canadian English and Canadian French adults’ and 6- to 8- and 10- to 12month-old infants’ ability to discriminate the contrast between the alveolar
lax stop [d] and the interdental voiced fricative [D], which is a phonemic
contrast in English but not in French. As expected, in a CHTP experiment, the French adults perform consistently worse than the English adults;
but neither a language eﬀect nor an age eﬀect is observed for the infants.
French 6- to 8- and 10- to 12-month-olds are as good as their English peers
5

In their 1988 paper, Best and her colleagues speak of ‘Zulu’ when referring to the
language used in their tests. Later they correct themselves and use ‘isiZulu’ instead (Best
& McRoberts 2003).
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in discriminating [d] and [D] and all infants reach approximately the same
discrimination level. Overall, the infants perform significantly worse than
the English adults. The French adults’ discrimination level, on the other
hand, is comparable to that of the infants.
Similar findings are reported by Narayan et al. (2010), who examine
infants’ perception of a nasal contrast [Na] versus [na]. Velar [N] and alveolar
[n] are contrasted phonemically in initial position in Filipino but not in
English. Participants are Canadian English infants aged 4 to 5, 6 to 8 and
10 to 12 months and Filipino infants aged 6 to 8 and 10 to 12 months.
English infants of all three age groups fail to discriminate the contrast – as
do the Filipino 6- to 8-month-olds. Filipino 10- to 12-month-olds, however,
are able to distinguish the two nasals.
Thus, in addition to contrasts universally discriminable at birth, there
are apparently other speech sound distinctions for which discriminability is
only weakly developed in the first months of life. For that kind of contrasts,
discrimination performance matures. It improves with increasing linguistic
experience, if the contrast is relevant for the native phoneme inventory.
Polka et al. (2001:2199) also speak of a contrast ‘boost’ to describe this
perception pattern. If, on the other hand, an initially hard-to-discriminate
contrast is not part of the native phoneme inventory, discriminability may
remain on the initial perception level or deteriorate.
In some recent studies, age-related improvement in discriminating native
phoneme contrasts is found also for some contrasts that were considered to
follow the ‘classical’ development of perceptual reorganisation with high
discriminability from the start. For instance, Tsao et al. (2006) find better
discrimination of the Mandarin Chinese aﬀricate/fricative contrast [tCh ]–[C]
in Mandarin-learning infants aged 10 to 12 months than in 6- to 8-montholds. Similarly, Kuhl et al. (2006) report facilitated discrimination of the
English [r]–[l] contrast for American English 10- to 12-month-olds compared
to 6- to 8-month-olds’ performance.
The findings summarised in the preceding paragraphs show that universal theory is not appropriate to cover the diverse developmental patterns observed for infants’ discriminative capacities. Aslin & Pisoni (1980a)
mention an alternative approach, termed attunement theory, that allows to
account for a broader range of contrasts. The theory proceeds on the assumption that infants start life with only partially developed discrimination
skills. At least some of the phonetic contrasts occurring in the languages
of the world are discriminable at birth, but linguistic experience is required
to fine-tune the discriminative capacities to the precise phoneme contrasts
of the mother tongue. Other contrasts which are not present in the infant’s
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ambient language are either maintained at the original, possibly rather unrefined discrimination level or they become attenuated (cf. Aslin & Pisoni
1980a). Thus, attunement theory seems to be a more appropriate approach
to account for the multiple variants found in early speech perception development than the proposal made by universal theory. At birth, a given contrast is discriminable to a certain extent. If the contrast is a native phoneme
contrast, its discrimination is fostered by the regular exposure to it. This
may result in the simple maintenance of the discriminability, as seen in the
control condition presented to English-learning infants by Werker & Tees
(1984). English 6- to 8- and 10- to 12-month-olds succeed in discriminating
the English phoneme contrast [b]–[d].6 Alternatively, discriminability of the
native contrast may improve with increasing linguistic experience. Such a
facilitative or enhancing eﬀect is reported, for example, by Polka et al. (2001)
for the English [d]–[D] contrast or by Kuhl et al. (2006) for the [r]–[l] distinction in English. Similarly, we have seen that Narayan et al. (2010) find that
Filipino infants learn to distinguish the initially non-discriminable Filipino
phoneme contrast between [n] and [N]. An improvement of discriminative
capacities might also be achieved by the alignment of a certain contrast, as
for instance demonstrated by Burns et al. (2007). They show that English
10- to 12-month-olds, in contrast to 6- to 8-month-olds, readjusted the category boundary to the English tense/lax opposition in stops to better match
the adult boundary (see section 4.3 for details).
If a contrast that is (at least partially) discriminable at birth is not
present in the infant’s mother tongue, there are also several options how further development may proceed. Firstly, the discriminability might be maintained, as found for English infants’ and adults’ perception of the isiZulu
click contrasts. Secondly, discriminability may become attenuated. The degree of the decline may diﬀer for diﬀerent contrasts. Anderson et al. (2003)
examine American English 6.5- and 8.5-month-olds’ perception of the same
Hindi and Thompson stop contrasts used by Werker & Tees (1984) and find
diﬀerent degrees of decline for the two non-native contrasts. At 8.5 months,
English infants are still better at discriminating the velar/uvular ejective
contrast of Thompson than the Hindi dental/retroflex stop contrast.
As became obvious, there are multiple ways in which speech contrasts
are perceived by young language learners. It was shown that the categorical
assumptions made by universal theory fall short of capturing the complete
6

Note that in many cases it is diﬃcult to determine the initial or final levels of perceptual development when no comparative data exist (e.g., adults’ discriminative capacity)
or due to test methods not suﬃciently sensitive to provide gradual measures.
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palette of perception patterns observed so far and that attunement theory
is more appropriate to describe infants’ perceptual development. In order
to explain why some (non-native) contrasts are better discriminated than
others, Best and her colleagues developed a model which will be introduced
in the following section.

4.2.1

The Perceptual Assimilation Model

After having found that not all non-native contrasts become indistinguishable after the first half year of life, Best et al. (1988) do not entirely reject the
idea of perceptual reorganisation, but they put it into a more global frame
of early speech perception. They assume that, in a first stage of speech
perception called ‘prephonemic listening’, speech sound categories as organised in adult phonology are irrelevant to the infants. Up to 6 to 8 months
of age, infants pay attention to general auditory/phonetic characteristics of
the speech signal. Only in the second half of their first year of life, the
listening mode changes from prephonemic to ‘phonemic listening’. Children
at this stage of speech perception start to analyse the speech input according to the categories of their native phoneme inventories. This means that
children now try to map all incoming speech to phonemic categories of their
mother tongue. However, as the data by Best et al. (1988) suggest, it cannot be phonological relevance or linguistic experience alone that determines
whether the ability to distinguish phonetic contrasts is maintained.7
Instead, for the stage of phonemic listening, a more refined explanation
pattern is required which allows for qualitative distinctions of the contrasts
tested. In several subsequent studies Best and colleagues (e.g., Best et al.
1995; Best et al. 2001; Best & McRoberts 2003) developed the so-called
perceptual assimilation model (PAM). This model takes the relation of the
non-native sounds to the respective native phoneme inventory into account.
Basically, there are four types of relations to which non-native contrasts can
be assigned. According to this classification, discriminability in the phonemic listening stage can be predicted. In other words, whether a perceptual
decline in discrimination of a non-native contrast takes place in infancy is
determined by the type of assimilation to which the respective contrast belongs. The diﬀerent ways in which non-native contrasts might be perceived
according to PAM are listed in (1) below (cf. Best et al. 1988:352; Best et al.
2001:777; Best & McRoberts 2003:186).
7

Recall that in Best et al.’s (1988) study, English 6- to 14-month-olds and English
adults are able to discriminate a contrast that does not occur in the English language,
neither phonemically nor allophonically.
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Assimilation types according to PAM.8
a. SC = Single-Category Assimilation
Both phones of a non-native contrast can be assimilated as equally-good tokens of a single native phoneme category. This assimilation type is expected to be discriminated poorly by adults and
children who already reached the phonemic listening stage.
b. TC = Two-Category Assimilation
The phones of a non-native contrast are assimilated to two different native phoneme categories. Discrimination is expected to
be very good for this type of contrast.
c. CG = Category-Goodness Diﬀerence in Assimilation
Although both phones of the non-native contrast are assigned to
a single native phoneme category, one of the phones represents a
‘better’ exemplar of that category; that is, the non-native sounds
diﬀer in the degree of their similarity to the native phoneme
category. The model predicts that contrasts of this type are
discriminated rather well, but not as good as TC-contrasts.
d. NA = Non-Assimilable Sounds
The sounds of the non-native contrast bear no detectable similarity to any native phonemes. Therefore, they are processed in
a rather general perception manner, in which listeners rely on
auditory, non-speech properties of the sounds. Discrimination of
such non-assimilable sounds is predicted to be very good.9

It should be kept in mind that this typology of contrast assimilation is
irrelevant to listeners younger than 10 to 12 months of age. Only when infants have started to process the speech signal in a phonemically structured
way, a decline in discrimination performance is expected for contrasts of the
SC-type and possibly also for contrasts of the CG-type. Note that the maintenance or loss of the discrimination ability for non-native contrasts remains
always relative in this account. Non-native contrasts cannot be described
absolutely as being discriminable or not. Discrimination is always dependent on the relation of the particular non-native contrasts to the respective
native phoneme inventory. Or, to put it diﬀerently, a specific non-native
contrast might be easy to discriminate for listeners from language A but
8

For a more fine-grained classification see Best et al. (2001:777).
One might question whether it is reasonable to generally assume good discrimination
for this class of sounds. It might very well be the case that discrimination of non-speech
sounds depends heavily on their acoustic salience or other non-linguistic aspects.
9
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not discriminable for listeners from language B.10 Moreover, PAM predicts
that discrimination does not necessarily depend on phonological relevance.
If speech sounds cannot be assimilated to native phoneme categories, good
discrimination is maintained through infancy and adulthood.
Returning to the experimental findings, Best et al.’s (1988) results reveal
that no decline takes place in the English listeners’ discrimination of isiZulu
click contrasts (a finding replicated in Best et al. 1995). This perception
pattern can be accounted for by PAM by claiming that the isiZulu clicks
are processed as a contrast of the NA-type. English listeners fail to map
the isiZulu clicks onto any of the native phoneme categories and hence the
foreign phones are perceived in a general auditory, non-linguistic manner.
As the model predicts, discrimination performance resembles that of native
phoneme contrasts for this assimilation type.11
The findings by Werker & Tees (1984) can be explained by PAM with
reference to the SC-type of contrasts. Since Hindi [t”] and [ú] are both
mapped onto one coronal stop category /t/ by English listeners, and similarly, Thompson [k’] and [q’] are assimilated to the only English dorsal
stop category /k/, adults and older infants have diﬃculty in discriminating
those non-native contrasts. The slightly diverging results by Anderson et al.
(2003) for the same Thompson contrast can be explained by referring to the
CG-type of contrasts. Apparently, the 8.5-month-olds in Anderson et al.’s
10

The English /r/–/l/ contrast is a case in point for the relative nature of a contrasts’ discriminability. For native listeners of German, it is a ‘TC’-contrast, with /l/ being mapped
onto the German /l/-category and /r/ being similar to German /r/. Thus, discrimination
of the English contrast is easy for Germans. The situation is diﬀerent for native speakers
of Japanese. Japanese has one phoneme category /r/ (sometimes denoted as /R/) to which
both English /r/ and /l/ are similar and might be considered variants of that same category (e.g., Goto 1971; Miyawaki et al. 1975; Bradlow et al. 1997). Therefore, the English
phoneme opposition can be regarded a ‘SC-assimilation’ contrast for Japanese listeners.
Accordingly, discrimination of the /l/–/r/ contrast is diﬃcult for Japanese listeners.
11
A posttest with adults supports the assumption that the click sounds are processed in
an auditory/phonetic way rather than phonologically. Best et al. (1988:352) report: “Subjects’ answers on the posttest questionnaires indicated a virtual failure to assimilate the
clicks to English phonemes. All subjects stated that they relied on auditory (nonspeech)
properties of the sounds (e.g., “clicks,” “plops,” “pops,” “percussion instruments,” “water
drip,” “finger snap,” and “clap”) when discriminating the syllables. Interestingly, several
subjects also indicated relying on articulatory (phonetic) diﬀerences (e.g., “tongue popping,” “tongue clucking,” and “sounds coming from diﬀerent areas of the mouth”).” Best
& Avery (1999) provide further support for the assumption that the isiZulu clicks are
perceived as non-speech sounds by English listeners. In a dichotic listening test, they discover that, in line with the assumption that speech processing takes place predominantly
in the left hemisphere of the brain, isiZulu listeners show a right ear advantage for click
discrimination whereas no such bias is found in American English listeners.
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(2003) study developed already some sensitivity to the native phoneme categories and both [k’] and [q’] were mapped to the native /k/-category. Yet,
they still detected a diﬀerence in that, presumably, the velar ejective was a
better match to the English velar stop than the uvular ejective.
In sum, PAM provides an elegant theoretical model to explain why some
contrasts are distinguished better than others. Yet, it does not account for
the diﬀerent degrees of discriminability of contrasts in the stage of prephonemic listening. Moreover, it does not provide an explanation for the increasing categorical perception of the kind that Polka et al. (2001) and Narayan
et al. (2010) report. Furthermore, there are still some counter-examples suggesting that non-phonemic speech contrasts may be discriminated although
they are neither non-assimilable non-speech sounds nor mapped onto different phoneme categories. Two examples from German may illustrate this
point. German’s dorsal voiceless fricative /x/ surfaces as palatal [ç] after
front vowels but as velar [x] after back vowels. For the phoneme /ö/, [r] and
[K] occur in free allophonic variation in German. Although the contrasts
are clearly perceived as speech sounds and – being allophones – belong to
the same phoneme category, both contrasts are easy to discriminate for
German adults. In a more recent version of the model (PAM/AO, ‘articulatory organ’), Best & McRoberts (2003) suggest that the discriminability
for non-native contrasts declines only when phonetic contrasts are produced
with the same articulatory organs. When diﬀerent organs are involved, discriminability is maintained. This approach could account at least for the
German allophonic distinction between the alveolar trill [r] and the uvular fricative [K]. However, as will be shown in the following chapters (see
chapters 5 and 9), the laryngeal short lag/long lag contrast in stops is perceptually maintained by Swiss German adults and infants although it is a
non-native contrast for them, and although the contrast does not involve different articulatory organs. Thus, even the revised model is not completely
explicative. In trying to understand how speech contrasts are perceived in
the first months and years of life, it is essential to expand the perspective
and to take also other influencing factors into account.

4.2.2

Influencing Factors on Infant Speech Perception

As became obvious, phonemic relevance appears to be not the only determinant factor for the discriminability of speech contrasts. A major point
in this issue seems to refer to the specific acoustic properties of a contrast.
It has been noted that those contrasts which are distinguished only poorly
at the beginning, are contrasts of low acoustic salience (e.g., Polka et al.
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2001; Narayan et al. 2010). Conversely, contrasts of high acoustic salience
like the isiZulu click contrast in Best et al.’s (1988) study or contrasts between stops with short and long voicing lags, respectively (see section 4.3),
are comparatively easy to distinguish and discriminability may be maintained even in the absence of phonological relevance in the mother tongue.
Another influence on discriminability seems to be phoneme frequency.
Anderson et al. (2003) assume that the decrease of the discriminative capacities concerning non-native contrasts proceeds gradually. They claim
that frequent native phones (coronals in English in their study) lead to an
earlier decline of the perception of similar non-native contrasts ([t”]–[ú]) than
less frequent native sounds (dorsals in English and [k’]–[q’] as non-native
contrast). Aoyama (2001) reports that Finnish 3- to 5-year-olds outperform
Japanese children of the same age in the (productive and perceptive) acquisition of a nasal length contrast. She attributes this finding not only to
the fact that length contrasts are more distinct in Finnish than in Japanese,
but also to the fact that geminates are more frequent in Finnish.12 Maye
et al. (2002) suggest that ‘distributional learning’ is one of the mechanisms
underlying the perceptual reorganisation at the end of the first year of life.
In particular, they demonstrate that the statistical distribution (unimodal
vs. bimodal) of phonetic variation aﬀects English 6- and 8-month-old infants’
sensitivity to the laryngeal contrast [da]–[ta]. Yoshida et al. (2010) extend
those findings by showing that 10- to 11-month-old English infants are still
able to use distributional frequency to learn non-native speech distinctions.
However, the sensitivity is reduced compared to the earlier findings with 6and 8-month-old infants (also cf. section 4.3).
A study by Conboy et al. (2008) suggests that general cognitive maturational constraints also play a role in speech contrast discrimination (see also
Aslin & Pisoni 1980a and the maturational theory). They found that 11month-olds’ sensitivity to a native laryngeal contrast correlated positively
with the size of infants’ receptive vocabulary. Moreover, infants who performed better in cognitive control tasks (i.e., who were more mature) than
their peers had more diﬃculties in discriminating a non-native laryngeal
contrast (see also section 4.3).
Another aspect of maturation has an opposite eﬀect on (slightly older)
infants’ capacity to discriminate native phoneme contrasts. Contrast discrimination may be hampered when cognitive resources are demanded oth12

Regarding speech production, Kunnari et al. (2001) argue in the same vein in the
discussion of their preliminary data of 13- to 17.5-month-old Finnish and Japanese toddlers
(see also section 4.4).
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erwise. In word-learning studies with 14-month-olds it was shown that the
infants did not respond to fine phonetic contrasts they had no diﬃculty to
distinguish in a pure discrimination task (e.g., Stager & Werker 1997). The
issue of 14-month-olds’ failure to distinguish native phoneme contrasts in
word-learning tasks will be addressed in more detail in section 4.5.
4.2.2.1

The Native Language Magnet Theory

A diﬀerent approach to describe perceptual reorganisation and the building
of a phoneme inventory is proposed by Patricia Kuhl with the aforementioned concept of the magnet eﬀect. Her focus is on the development of
native language prototypes, that is, on how infants’ phonetic categories become structured by native language experience. In section 4.1 it was already
pointed out that 6-month-old English infants display the same asymmetric
perception behaviour as English adults, suggesting that they already have
an idea of which vowels are prototypical and which are not (Kuhl 1991).
In 1992, Kuhl et al. published another study, involving American English
and Swedish 6-month-olds, thereby extending the previous investigation to
a cross-linguistic comparison. The procedure used is the CHTP. /i/ serves
as a prototypical American English vowel and is not part of the Swedish
phoneme inventory; /y/, which is not phonemic in English, is used as a
Swedish prototype. Infants from both language backgrounds are presented
both the native and the non-native prototype. They are tested on their
ability to discriminate less prototypical variants of the respective phones.
The results reveal that infants are significantly better in detecting withincategory variation if the referent vowel is the non-native prototype; that is,
American English infants are better at discriminating the diﬀerent exemplars of non-native /y/ than of native /i/ while Swedish infants detect more
diﬀerences between the non-native /i/-exemplars than between the native
/y/-exemplars. The authors refer to these findings as a strong ‘phonetic
magnet eﬀect’ for the native prototypes, implying that the native vowel
variations are assimilated to the native category, neglecting minimal variations. In case of the non-native vowels, the variants are not assimilated to
the prototype. Instead, within-category variations are perceived. Thus, it
seems that a language-specific reorganisation has taken place. The study
demonstrates that the magnet eﬀect is not caused by a sound’s acoustic
properties or some other language-independent aspects. Rather, it is the
linguistic environment that determines whether a vowel serves as a prototype or not. The 6-month-old subjects in Kuhl et al.’s (1992) study already
had enough listening experience to start to organise their speech categories
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as a function of that experience.13
In trying to explain how magnet eﬀects emerge, or more generally, how
initial universal speech perception turns into a language-specific perception, Kuhl et al. (2008) introduce the ‘Native Language Magnet Theory
Expanded’ (NLM-e). This model of early speech perception provides an approach that attempts to integrate the various influencing factors mentioned
above. The model starts on the basic assumption that, in their first months
of life, infants are able to discriminate all phonetic contrasts. According to
Kuhl et al. (2008), the observed perceptual reorganisation along the lines of
the mother tongue is driven by two forces, namely by the distributional frequencies of specific phonetic patterns in the ambient language and secondly
by the exaggerated acoustic cues oﬀered by infant-directed speech (IDS).
Early exposure to the native language is assumed to physically aﬀect the
development of the brain. Kuhl et al. (2008) speak of a ‘neural commitment’, which supports native language phonetic perception and simultaneously leads to a reduced ability to distinguish non-native phonetic contrasts.
The timeline along which the facilitation or reduction of the discriminability
of a given contrast proceeds is heavily dependent on how much information
about this contrast the linguistic input provides (see also Anderson et al.
2003 and the ‘frequency argument’ mentioned above). Furthermore, the authors suggest that social interaction is beneficial for early phonetic learning
and that productive and perceptive capacities are tightly linked.
There is also a maturational aspect to NLM-e. Kuhl et al. (2008:993)
suggest that, in terms of brain development, “initial phonetic learning could
be triggered on a timetable between 6 and 12 months of age.” Moreover,
they found that better native contrast discrimination predicts faster developmental progress in the acquisition of the mother tongue whereas better
non-native contrast discrimination skills are predictive for a slower advance
in the future language acquisition process (see also Kuhl et al. 2005). Consequently, Kuhl et al. (2008) agree with the assumption that good native
speech sound discrimination is associated with a more mature level of development while good non-native speech sound discrimination is considered
to be a sign of lower maturation (see also Rivera-Gaxiola et al. 2005).
13

Note that Kuhl et al.’s (1992) data cannot resolve the question whether the asymmetric results are due to a decremental process of native language adaptation or instead to
an incremental process. Prototypes of both /i/ and /y/ might be existent in all children
before the respectively non-native one is lost with increasing linguistic experience with the
mother tongue (perceptual decline). Alternatively, both /i/ and /y/ might be neutral at
the beginning and obtain prototypicality only with a certain amount of exposure to the
native language.
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Although the concept of perceptual magnets and the internal structure
of phoneme categories will not be in the centre of the present work, Kuhl’s
approach to early speech perception is valuable for its comprehensive nature,
trying to combine the diﬀerent findings observed so far.

4.2.3

Summary of Infants’ Perception Patterns

The insights into infants’ perception of speech contrasts presented above
suggest that a change from a rather general acoustic/auditory perception
to a more refined phonemic perception takes place during the first year of
life. In trying to organise the speech stream, infants at first pay attention
to many kinds of contrasts, a capacity that enables them to learn every
language of the world. Only with more listening experience, infants learn
which contrasts are relevant in their ambient language: Towards the end
of the first year of life, perception becomes organised along the lines of the
native phoneme categories. The young listeners try to map the incoming
speech sounds to the phoneme categories of their mother tongue, they establish language-specific ‘prototypes’ in Kuhl’s terminology. Note, however,
that this does not imply that there are already detailed phonological representations functioning in an adult-like manner. The finding that infants
are sensitive to native phoneme categories in the case of vowel contrasts
– long before they start to understand meaning and start speaking themselves – suggests that the acquisition of the native phoneme inventory is not
dependent on word-learning (e.g., Kuhl et al. 1992). That is, infants start
establishing native categories long before they need them to distinguish minimal pairs of their native lexicon. Similarly, Stager & Werker (1997) argue
that at 10 to 12 months, infants are still too young to use phonology for
structuring the speech input. Based on the finding that 14-month-olds fail
to discriminate fine phonetic detail when engaged in a word-learning task,
they propose that children younger than 18 months are apparently able to
recognise native phonetic categories, but not yet phonological ones (see section 4.5). As Werker (1994) points out, it might also be more correct to
speak of language-specific phonetic sensitivities than of phonemic processing, since infants at an age of 10 to 12 months are assumed to be not yet
able to use phonetic detail in order to contrast meaning.
Infants’ focus on the native phoneme inventory entails that irrelevant
variation is mostly ignored, leading to a reduction in discrimination skills
that comprises many non-native speech contrasts. This reduction should
not be thought of as a complete loss of the ability to discriminate some nonnative contrasts but rather as a reorganisation or shift of perceptual focus.
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Moreover, it has been shown that speech contrasts can have diﬀerent degrees
of discriminability at the beginning, that they can be aﬀected diﬀerently by
perceptual reorganisation and that these processes can be best accounted
for by attunement theory (cf. Aslin & Pisoni 1980a). Basically, the development of native contrast perception can be marked by the maintenance
(and sometimes alignment, see section 4.3) of a contrast or the facilitation
or enhancement of discrimination, implying that a particular sound distinction requires some linguistic experience in order to establish stable phoneme
categories. Non-native contrasts are often subject to decline or ‘attenuation’
toward the end of the first year of life, but maintenance was also observed
for acoustically more robust contrasts. Figure 4.1 provides a visualisation of
the various potential developmental patterns discussed with respect to the
early perception of speech contrasts above.
Overall, it seems that perceptual reorganisation is not only dependent
on the respective native phoneme inventory a child is about to acquire but
that purely phonetic aspects also play a role in contrast discrimination.
Furthermore, it was pointed out that there are other influencing factors.
Apparently, early speech perception is a complex issue determined by the
interaction of various developmental processes taking place in the first year of
life. (For an overview of the multiple processes observed in early productive
and perceptive language acquisition, see also Kuhl et al. 2008.)

Figure 4.1: Potential developmental patterns in early speech perception
(adapted from Aslin & Pisoni 1980a:77). The starting point is assumed to
be set on diﬀerent levels for diﬀerent contrasts, mostly depending on acoustic
salience.
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The contrasts under investigation in the studies cited above were mainly
PoA contrasts. Apart from PoA contrasts, laryngeal contrasts have been of
interest in the literature. Since ACT is one of the two cues focused on in
the present work, the research conducted on infants’ perception of laryngeal
contrasts will be given fairly broad space below (section 4.3) and also the
few data published on length contrasts in first language acquisition will be
looked at in more detail (section 4.4).

4.3

Infants’ Perception of Laryngeal Contrasts

Even though quite a lot of work has been done to unravel how infants perceive laryngeal properties, there is still no unequivocal explanation for this
issue. Instead, there are many diﬀerent studies providing diﬀerent, sometimes contradictory results. Drawing a coherent conclusion is aggravated by
the fact that diﬀerent test procedures are involved, age ranges of subjects
vary and participants grow up in diﬀerent linguistic environments. One of
the few commonalities of these studies is that most of them use oral stops
in syllable-initial position to test infants’ perception of laryngeal contrasts.
Nonetheless, there is a lot of variation among the stimuli used in the individual studies. Stimuli diﬀer with respect to their specific laryngeal properties
(amount of voicing lead or lag), in PoA and in the context following the stop.
Furthermore, some researchers use naturally spoken stimuli while others use
synthetic speech material. Despite these divergences, an attempt to clarify
the picture will be presented in the following paragraphs.
Recall from the preceding chapters that vocal fold vibration may start
at diﬀerent intervals in diﬀerent languages of the world and stops in twoway contrasting languages usually fall into two of three categories, namely
prevoiced, voiceless unaspirated or voiceless aspirated. Consequently, research on infants’ perception of laryngeal contrasts is mostly devoted to find
out whether and how young language learners discriminate and acquire (a)
contrasts of the English and German type between voiceless unaspirated
and voiceless aspirated stops (henceforth also referred to as ‘lag contrasts’)
and (b) contrasts between voiced and voiceless unaspirated stops (‘lead contrasts’ henceforth), as the tense/lax opposition is implemented, for example,
in Dutch and French.
One of the earliest studies on the perception of laryngeal contrasts is the
landmark paper by Eimas et al. (1971). Using the High Amplitude Sucking (HAS) method, they test whether 1- and 4-month-old American English
infants are able to detect three laryngeal contrasts in stops. One pair of syn-
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thetic stimuli crosses the adult English phoneme boundary (20 ms vs. 40 ms
of ACT).14 The other two stimulus pairs are within-category contrasts. One
is a contrast within the lax category, opposing stops with a 20 ms-voicing
lead to stops with neither voicing lead nor lag (ACT=0 ms). The other pair
consists of two stops that both fall into the tense category, with 60 ms and
80 ms of ACT, respectively. The results reveal that both age groups are
significantly better in discriminating the cross-category contrast than the
within-category contrasts although the acoustic diﬀerence on a laryngeal
continuum is the same in all three conditions (viz. 20 ms). Although it is
assumed that neonates and very young infants are sensitive to a wider variety of speech contrasts than adults, the findings of Eimas and his colleagues
show that not all contrasts are perceived equally well by infants even in their
very first months of life. Apparently, the short lag/long lag contrast is easier
to discriminate than a contrast between stops with a voicing lead and one
with a short voicing lag. Also, stops with diﬀerent amounts of relatively long
voicing lags are harder to distinguish than a short lag/long lag contrast.
The findings by Eilers et al. (1979a) support the assumption concerning
lead contrasts. In a CHTP-experiment, 6- to 8-month-old English infants
succeed to discriminate a short lag/long lag contrast (10 ms vs. 40 ms of
ACT), but they fail to distinguish stops with a 20 ms-voicing lead from stops
with a 10 ms-voicing lag. Interestingly, Spanish infants of the same age are
able to distinguish both the lead and the lag contrast. Since Spanish is a
so-called voice language, its stop system is marked by a lead contrast and
lag contrasts are phonologically irrelevant. Accordingly, it seems that the
exposure to the Spanish environment already had some influence on the
Spanish infants’ perception (while the ability to discriminate the non-native
lag contrast is also still existent).15 Support for the assumption that lead
contrasts have to be learned with linguistic experience comes from Maye
et al. (2002). English infants aged 6 and 8 months are familiarised with
stops varying in their amount of prevoicing (between a voicing lead of 90 ms
to 0 ms) either in a bimodal or in a unimodal distribution. The results
reveal that only those infants who hear the stops bimodally distributed
during familiarisation succeed in discriminating a [da]–[ta] contrast in the
subsequent test phase.
So far it seems that the ability to discriminate a short lag/long lag contrast is present from birth, but that lead contrasts are not discriminable by
14

Eimas et al. (1971) assume that the category boundary that separates American English lax and tense stops is located at an ACT value of approximately 25 ms.
15
See Aslin & Pisoni (1980b) for a critique of that study, in which they mistrust the
eﬀects of early linguistic experience on infants’ discrimination capacities.
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very young infants. There are several studies providing counter evidence
to this hypothesis. Aslin et al. (1981) test English 6- to 12-month-olds’
perception of stop contrasts along a laryngeal continuum, starting with a
70 ms-voicing lead and reaching up to a 70 ms-voicing lag. They discover that
the infants are able to categorise contrasts that cross the English phoneme
boundary as well as contrasts within one of the English categories. The results imply that English infants are able to discriminate stops in the voicing
lead region of the laryngeal continuum. Nonetheless, infants are better at
discriminating cross-category contrasts.16
In a study by Lasky et al. (1975), Guatemalan Spanish infants at the
age of 4 to 6.5 months fail to discriminate contrasts that cross the Spanish
phoneme boundary (a 20 ms-voicing lead vs. a 20 ms-voicing lag) but they
succeed in discriminating stops within the Spanish lead category (60 msvs. 20 ms-voicing lead). Subsequently, the authors infer that early perception is not dependent on linguistic experience. Nonetheless, it is conceivable
that the Guatemalan infants already developed some sensitivity to the prevoicing cue, but that they have not yet learned the precise boundary location
and that, instead, at that young age, categories are still rather broad, requiring further alignment. However, the data do not allow to verify this
assumption since Lasky et al. (1975) did not test infants from other language backgrounds where the lead contrast does not play a role in phoneme
categorisation.
The ability to discriminate a lead contrast is also attested for 2-monthold infants learning the Bantu language Kikuyu (Streeter 1976). Kikuyu
distinguishes prevoiced and voiceless stops. In a HAS-experiment, the infants succeed in discriminating the contrast in labial PoA where Kikuyu
does not have a laryngeal contrast. Besides, they also respond to a short
lag/long lag contrast but not to a contrast within the long lag region of the
laryngeal continuum.
Some more recent studies also provide evidence for infants’ sensitivity
to both lead and lag contrasts – and, notably, not only in the first half year
of life. A longitudinal study by Rivera-Gaxiola et al. (2005) tests infants’
neural responses to a lead and a lag contrast at 7 and at 11 months of age. In
16

Although other studies (see below) also report stronger discrimination eﬀects for lag
than for lead contrasts, the weaker eﬀect for the within-category contrasts (both tense and
lax) in this particular study might also relate to the age of Aslin et al.’s (1981) subjects.
Infants from 6 to 12 months are tested without further subdivision into smaller age groups.
Thus, it might be that the younger ones are still able to discriminate within-category
contrasts, while the older ones already lost this sensitivity, as the model of perceptual
reorganisation would predict.
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an electroencephalography (EEG) study measuring event-related potentials
(ERPs) in a double oddball paradigm with the syllable [ta] (ACT=12 ms)
as standard stimulus, they find that infants are sensitive to the deviant
[da] (24 ms-voicing lead) as well as to the deviant [th a] (ACT=46 ms) both
at the age of 7 and of 11 months. However, at 11 months, the infants
show a stronger eﬀect and a more mature response pattern to the native
lag contrast than to the non-native lead contrast. Conboy et al. (2008)
use the same contrasts in a CHTP experiment with 11-month-old English
infants. Again, [ta] (ACT=12 ms) served as background stimulus and the
subjects had to turn their heads whenever the signal changed either to [da]
(24 ms-lead) or to [th a] (ACT=46 ms). Their behavioural results support the
electro-physiological results by Rivera-Gaxiola et al. (2005). Conboy et al.
(2008) also report sensitivity to both contrasts with better performance for
the native lag contrast than for the non-native lead contrast. Both studies
provide further support for the assumption that a perceptual reorganisation
in favour of the native phoneme contrasts takes place in the first year of life.
Besides, the findings show that the sensitivity to non-native contrasts is not
completely lost, an insight that is in line with the fact that, with a suﬃcient
amount of training, adults can re-learn to diﬀerentiate non-native contrasts
(e.g., Werker & Logan 1985; Polka 1991; Anderson et al. 2003).
Zamuner (2006) provides data of Dutch infants’ perception of a lead
contrast between alveolar stops. The lax stops are described as displaying
a “significantly longer voicing in the consonant, and a significantly greater
proportion of voicing during closure duration” (Zamuner 2006:87) and – in
the case of stops in final position – as being preceded by longer vowels than
the tense stops. The exact ACT and voicing lead values are not specified.
In several experiments conducted with the Switch Procedure, she shows
that 10-month-olds succeed in discriminating the native laryngeal contrast
in initial position. In final position, however, a position where Dutch phonotactics require contrast neutralisation (devoicing), neither 10- nor 16-monthold Dutch infants succeed in discriminating the contrast. Zamuner’s (2006)
findings show that, concerning the laryngeal contrast between prevoiced and
voiceless stops, Dutch infants’ perception is in line with the native phoneme
inventory towards the end of the first year of life. Yet, the study provides
no insights concerning the developmental path towards this language-specific
perception ability and, furthermore, it remains unclear whether the failure
to distinguish the contrast in final position is due to the specific phonetic
properties of the contrast, that is, low acoustic salience, or whether it can be
attributed to the fact that Dutch has no laryngeal contrast in final position.
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Successful discrimination between vocoded versions of the naturally produced VCV-sequences [aba] and [apa] by French 6-month-olds in a HTPP
experiment is reported by Bertoncini et al. (2011). However, the study focuses on cues available in degraded speech. The detailed information that is
usually present in the spectrum and in the temporal structure of the sound
signal is absent in Bertoncini et al.’s (2011) stimuli. No precise voicing lead
and lag amounts are indicated. The finding suggests an early sensitivity to
the native French lead contrast, but cannot answer the question whether the
French participants learned to distinguish the native contrast on the basis of
the linguistic input they were exposed to so far or whether the discrimination
capacity was present already at birth.
Trehub & Rabinovitch (1972) are less interested in testing cross-category
contrasts versus within-category contrasts, but their study provides evidence
for infants’ extreme sensitivity to very small ACT contrasts. With the HAS
procedure, they test 1- to 4-month-old infants from a Canadian English
language background and find that the children are sensitive to three diﬀerent ACT contrasts. Firstly, they discriminate a contrast between synthetic
labial stops with ACT values of 20 ms and 80 ms, respectively. Secondly,
they succeed in distinguishing a contrast between naturally spoken labial
stops with ACT values of 15 ms and 45 ms, respectively. Finally, the infants
are sensitive to a contrast between natural alveolar stops with ACT values of
30 ms and 40 ms, respectively. These results leave open whether perception
is not categorical at all or whether the boundary is dependent on factors
such as PoA and synthetic as opposed to natural speech.17 What is evident
from these experiments is that infants are very good at detecting tiny ACT
contrasts. They succeed in discriminating a contrast as small as 10 ms.
Evidence for infants’ extreme sensitivity to laryngeal properties also
comes from Pegg & Werker (1997).18 They test Canadian English 6- to
8- and 10- to 12-month-old infants and Canadian English adults on a laryngeal non-phonemic contrast of English in syllable-initial position. A CHTP
task is used to assess whether infants and adults are able to discriminate
the syllables [t= a] and [da].19 [d] is a realisation of underlying lax (‘voiced
˚ terms) /d/ which surfaces as voiceless [d]
unaspirated’ in Pegg & ˚
Werker’s
˚
in syllable-initial position. Its phonemic counterpart within the English
17

Nittrouer (2001) claims that, in general, the nature of the stimuli does not have a
significant influence on perception in this kind of experiments. At least in her data she
observes no significant diﬀerences in speech perception when infants are presented with
natural and synthetic stimuli, respectively.
18
Note that in this study, the crucial cue is not ACT but the value of the second formant.
19
The diacritics used by Pegg & Werker (1997) are adopted here.
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two-way laryngeal contrast is the voiceless aspirated [th ] (e.g., ‘duck’ /d2k/
[d2k] vs. ‘tuck’ /t2k/ [th 2k]). [t= ] is a voiceless unaspirated variant of /t/
˚ only occurs after /s/, for example in a sequence like /sta/ (or in the
that
word ‘stuck’ /st2k/ [st= 2k]). Phonologically, [t= ] and [th ] are allophones
of underlying /t/, while [d] is a realisation of underlying /d/. Thus, the
˚ the tests by Pegg & Werker (1997) belong to
sounds [t= ] and [d] used in
˚
two diﬀerent categories.
However, the contrast is not phonemic for there is
no contrast between /t/ and /d/ following /s/, that is, there are no words
starting with /sd/. Moreover, acoustically [d] and [t= ] are more similar than
the two /t/-allophones (cf. table 4.1). The˚acoustic cue for the distinction
of [da] versus [t= a] is the higher F2 onset for [da].
˚
˚
ACT
F2

/t/ [th ]
35.36
1380

/t/ [t= ]
4.46
1415

/d/ [d]
˚
4.93
1593

Table 4.1: Mean ACT in ms and F2 in Hz values used in the experiments by
Pegg & Werker (1997).

Pegg & Werker’s (1997) study shows that English 6- to 8-month-olds are
able to discriminate [t= a] from [da] whereas 10- to 12- month-olds do not
˚ data are less clear: Although adults
respond to the contrast. The adult
are able to discriminate the contrast in the CHTP, their performance is
worse than adults’ typical performance in discrimination tasks with native
phonemic contrasts. Additionally, preliminary tests suggest that adults’
discrimination performance is highly dependent on the method employed.
Pegg & Werker (1997) conclude from these findings that the perceptual
reorganisation at the end of the first year of life depends on the phonological
status of the contrast in question. They claim that only phonemic contrasts
are maintained after the first 10 to 12 months (with adults being more
flexible in their perceptual skills than infants). Regular exposure to nonphonemic native contrasts is considered insuﬃcient for one-year-olds to keep
the discrimination ability displayed earlier. It is obvious that this conclusion
cannot be generalised. Rather, the specific acoustic properties of a contrast
and not its phonological status seem to be decisive for discriminability.20
Yet, the findings by Pegg & Werker (1997) are a noteworthy demonstration
20

Recall that the German allophones [ç]–[x] and [r]–[K] are easy to discriminate for
German adults (and presumably also for infants) although the distinctions are not of
phonemic importance (see also section 4.2.1).
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of the discrimination skills of 6- to 8-month-olds. Although the syllables
tested are very similar and only diﬀer significantly in the onset of the second
formant, infants around a half-year of age apparently have no problems in
detecting this minimal diﬀerence.
Yet another study explored infants’ perception of two laryngeal contrasts.
Burns et al. (2007; also cf. Burns et al. 2003) use the visual fixation method
to test English infants on their ability to discriminate a switch in the stimulus material from a labial stop with an ACT of 28 ms to a labial stop with
an 8 ms-voicing lag and to a labial stop with a 48 ms-voicing lag. Although
the authors claim that the 8 ms/28 ms-contrast represents a native French
contrast, the study does not contribute to the issue of whether lead contrasts are discriminable by very young infants.21 Instead, their data show
that English 6- to 8-month-olds are able to discriminate a short lag/long
lag contrast (8 ms vs. 28 ms) although it is assumedly not a native contrast.
Older English infants, aged 10 to 12 and 14 to 20 months, no longer distinguish the contrast, but they are sensitive to the 28 ms/48 ms ACT contrast,
which, according to the authors, straddles the Canadian English tense/lax
phoneme boundary. Thus, the data by Burns et al. (2007) provide more support for the assumption that initially infants are sensitive to short lag/long
lag contrasts irrespective of the specific properties of the laryngeal system
in their mother tongue. Furthermore, the findings show that the initial,
apparently universal category boundary may be shifted in order to adapt
to the native laryngeal categories. In this case, the boundary is not shifted
leftward on the laryngeal continuum to replace the lag contrast by a lead
contrast. Instead, it is slightly shifted to the right, maintaining a lag contrast, but with increased ACT values.22 Thus, with Aslin & Pisoni (1980a)
one could also speak of fine tuning or alignment of the laryngeal contrast.
A comparative overview over the diverse findings on infants’ perception of
laryngeal contrasts is given in table 4.2.
21

Burns et al. (2003) and Burns et al. (2007) refer to Canadian French. The French
tense/lax distinction is usually assumed to contrast prevoiced to voiceless unaspirated
stops (see Ladefoged 2006:148).
22
Burns et al. (2007) compared the monolingual English infants to infants acquiring
both French and English. The results suggest that the youngest bilingual infants behave
like their monolingual peers: They succeed in distinguishing stops with an ACT of 8 ms
and stops with an ACT of 28 ms but fail to discriminate stops with ACTs of 28 ms versus
48 ms. While older monolingual English children (10 to 12 and 14 to 21 months) seem to
lose their sensitivity to the Canadian French contrast (8 ms/28 ms) and discriminate only
the Canadian English contrast (28 ms/48 ms), bilingual toddlers of the same age ranges
seem to be sensitive to both contrasts (albeit at a statistically only marginally significant
level when it comes to the Canadian French contrast.)
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[1]

Method
HAS

[2]

HAS

Subjects
1&4
English
1-4
English

i

ii
-20/0
×

iii
20/40
�
20/80
15/45

iv
60/80
×
30/40
�

[3]
[4]

Heart
Rate
HAS

[5]

CHTP

[6]

CHTP

[7]

ERP

[8]

Switch

[9]

VF

[10]

CHTP

[11]

HTPP

4-6.5
Spanish
2
Kikuyu
6-8
English
Spanish
6-12
English
7 & 11
English
Dutch
10
10 & 16
English
6-8
10-12
14-20
11
English
6, French

-60/-20
�

-70–0
�

-20/20
×
-30/0
�
-20/10
×
�
-50–20
�
-24/12
�

��
20/60
�
10/40 50/80
�
×
10/40
�
�
0–70
�
12/46
�

PoA
Lab
Lab
Lab
Cor
Lab
Lab
Lab

Lab
Cor
Cor

�
× final

-24/12
(�)
� medial

8/28
�
×
×
12/46
�

28/48
×
�
�

Lab

Cor
Lab

Table 4.2: Infants’ perception of laryngeal contrasts. Unless indicated otherwise, the data refer to stops in initial position. The third column provides
infants’ age (months) and language background. Contrasts are assigned to four
types: (i) contrast within the lead region of the laryngeal continuum; (ii) contrast of prevoiced stops and stops with a short voicing lag; (iii) short lag/long
lag contrast (assumed boundary: 25 ms of ACT); (iv) contrast within the long
lag region. Sources: [1] Eimas et al. (1971); [2] Trehub & Rabinovitch (1972);
[3] Lasky et al. (1975); [4] Streeter (1976); [5] Eilers et al. (1979a); [6] Aslin
et al. (1981); [7] Rivera-Gaxiola et al. (2005); [8] Zamuner (2006); [9] Burns
et al. (2007); [10] Conboy et al. (2008); [11] Bertoncini et al. (2011/in press).
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As hinted at already at the beginning of the present section, it is hardly
feasible to directly compare the results of the studies mentioned above. The
data vary considerably with regard to the results and also with regard to
the exact values chosen to make laryngeal contrasts. This is assumed to be
due to the diﬀerent methods employed (e.g., gradual measures vs. absolute
pass/fail tests), to the PoA of the stops (e.g., voiceless labial stops have
lower ACTs than coronal stops) and to the respective language background
of the children (e.g., the Canadian English tense/lax boundary might diﬀer
a little bit in its location from the American English boundary).
Nonetheless, two crucial aspects regarding the early perception of laryngeal contrasts and its development during the first one to two years of
life can be filtered out of the previous literature. A rather indisputable aspect is infants’ ability to discriminate between stops with a short voicing
lag and stops with a long voicing lag irrespective of whether this contrast
is used phonemically in infants’ linguistic environment or not. This ability
seems to be present very early in life (e.g., Eimas et al. 1971; Streeter 1976)
and there is reason to believe that the short lag/long lag contrast marks a
kind of default boundary. As Stevens & Klatt (1974) note, it is a rather
robust and acoustically salient contrast and thus relatively easy to perceive
(also cf. Aslin & Pisoni 1980a). Additional support for such an assumption
is provided by Kuhl & Miller (1975), who show that even chinchillas are
sensitive to a short lag/long lag contrast. While some report reliable discrimination of (non-native) lead contrasts in the first year of life (e.g., Aslin
et al. 1981; Lasky et al. 1975), others present contrary results, suggesting
that young infants fail to discriminate such contrasts or are less proficient in
their diﬀerentiation skills with lead contrasts than with lag contrasts. From
these seemingly conflicting findings it can be inferred that contrasts between
prevoiced and voiceless unaspirated stops are more diﬃcult to discriminate
than contrasts between voiceless unaspirated and voiceless aspirated stops
(although the contrast is not completely indistinguishable).
Obviously, the lag and the lead contrast diﬀer in their degree of diﬃculty
with regard to early discriminability. The lag contrast is comparatively easy
to discriminate and the ability to distinguish a stop with a short voicing lag
from one with a long voicing lag seems to be present from birth irrespective
of a child’s language background. The sensitivity to the lead contrast, on
the other hand, is weaker (but apparently not completely absent).23 Regular experience with such a kind of contrast seems to facilitate or enhance
23

Note that perception studies with adults on speech and non-speech sounds yielded
similar results (see Aslin & Pisoni 1980a and references there).
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the discrimination of prevoiced as opposed to plain voiceless stops. Thus, if
a child hears the contrast in his/her linguistic environment, (s)he learns to
pay attention to the relevant cues that distinguish prevoiced from voiceless
stops. If however, the contrast is not part of the infant’s ambient language,
perception will remain diﬃcult. In other words, reliable discrimination of
lead contrasts has to be learned (at least to some extent) whereas the sensitivity to lag contrasts is present from birth. If the infant acquires a so-called
aspiration language as his/her mother tongue, the acquisition of the laryngeal contrast comprises either simple contrast maintenance and possibly a
kind of alignment or fine tuning to the language-specific phoneme boundary.
If, on the other hand, a voice language has to be acquired, it is assumed that
the initially present sensitivity to the lag contrast decreases and that, with
a suﬃcient amount of exposure to the language, the sensitivity to lead contrasts is strengthened (‘facilitation’ or ‘enhancement’ of discriminability).

4.4

The Early Perception of Length Contrasts

Infants’ perception of consonantal length contrasts has been studied far less
than, for example, the early perception of laryngeal or PoA contrasts. The
scarce data available focus mainly on single age groups and not much is
known about how the perception of quantity contrasts in consonants develops during the first and second year of life.
A study by Richardson et al. (2003) examines Finnish infants’ ability to
categorise stops varying in CD. Finnish is similar to Swiss German in that it
also uses a quantity contrast to distinguish two phoneme categories, as the
example mato [t] ‘worm’ versus matto [t:] ‘carpet’ illustrates (Richardson
et al. 2003:387). In an experiment using the CHTP, Richardson and her colleagues investigate whether Finnish 6-month-old infants and adults are able
to categorise posttonic coronal stops with varying CD values ranging from
95 ms to 255 ms on a CD continuum.24 The authors report successful categorisation by the adults as well as by the infants, with a phoneme boundary
location at around 135 ms of CD. Yet, a direct comparison of adults’ and
infants’ responses reveals that the infants’ discrimination results are less
distinct than the adults’, as can be seen in figure 4.2.
24
The principal aim of the study was to discover whether dyslexic adults and their
infants diﬀer in their perception of phonemic length contrasts as compared to adults and
infants not suﬀering from dyslexia. Since language impairment is not an issue in the
present thesis, only the results of the healthy parents and infants are reported here. The
data of the dyslexic adults and their children will be disregarded.
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Figure 4.2: Categorisation curves of Finnish 6-month-olds and their parents
for posttonic coronal stops diﬀering in CD as estimated from the graphs in
Richardson et al. (2003:392,394).

The pooled adult results form a neat s-curve with 0% [t:]-perception for
the stimulus with the lowest CD value and 100% [t:]-perception for the
highest CD values. The infants’ curve, by contrast, starts at around 30%
[t:]-perception for the lowest CD value and rises rather gradually than in
an s-shaped form to approximately 70% [t:]-perception for the highest CD
value. Although there is a noticeable leap in the infant curve at a value near
the adults’ cross-over point (between 135 ms and 155 ms), it is obvious that
the Finnish 6-month-olds fall far behind their parents in categorising stops
varying in CD only.
Infants’ perception of quantity contrasts in stops is also studied by Cohen et al. (1992). In a VF task they test whether American English infants
aged 7.5 months are better at discriminating cross-category length contrasts
in posttonic labial stops than within-category length contrasts. English does
not employ a pure quantity distinction in its stop system. Rather, CD – as
also closure voicing and the length of a preceding vowel – can be an additional cue to a laryngeal tense/lax opposition marked by ACT diﬀerences.
Tense stops tend to have longer closures than lax stops. Basing themselves
on adult data (cf. Parker et al. 1986), they assume a category boundary at
60 ms of CD. In the within-category conditions, stops with a CD value of
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20 ms are opposed to stops with a CD of 50 ms. Within the ‘long’ category,
stops with CDs of 70 ms and 100 ms, respectively, are contrasted. The crosscategory contrasts oppose CD values of 70 ms to 40 ms and of 50 ms to 80 ms.
Since the authors are interested also in potential trading relations between
the CD cue and closure voicing, the stimuli are presented with and without
glottal pulsing during closure. As a result, Cohen et al. (1992) report categorical discrimination for the unpulsed stimuli; that is, when the stimuli
are all voiceless, the dishabituation eﬀect is stronger when the contrast to
be discriminated crosses the 60 ms-boundary than when it remains within
one category. At first sight, this finding suggests that American English
7.5-month-olds are not only able to discriminate small contrasts in CD but
also that their perception has already adapted to the native categories in
terms of consonantal length distinctions. However, a closer look at the data
reveals that the eﬀect is present only in one of the two conditions, namely
when a short stop is presented during habituation and a long stop follows
in the test phase. In the reverse condition, infants’ attention remains low
during the test phase.
In a second experiment, the stimuli are presented crosswise in terms of
voicing. Infants exposed to voiceless stops during the habituation phase are
presented with prevoiced stops in the test phase and vice versa. The ‘most
natural’ combinations of the voicing cue with length provoke the strongest
dishabituation eﬀects. A voiceless stop with a long closure phase is reliably
discriminated from a prevoiced stop with a short closure phase, a finding
that is reported for both directions of testing. All other contrasts, including
the aforementioned conditions with voiceless stops during both habituation
and test phase, are less well discriminated. These findings suggest that
CD alone is not a strong cue to phoneme distinction for infants acquiring
American English.25
Summarising so far, both the study by Richardson et al. (2003) as well
as Cohen et al.’s (1992) investigation seem to portend that infants aged 6
and 7.5 months might be sensitive to CD contrasts in stops, but at the same
time the data suggest that consonantal length might be more diﬃcult to
discriminate than some other consonant contrasts (e.g., PoA contrasts or
the short lag/long lag opposition in ACT).
Support for that assumption comes from two further studies which explore older children’s perception of length contrasts. Kuijpers (1996) finds
25

Also striking in the study by Cohen et al. (1992) is the unusually high attrition rate
(68.4% in the first experiment, 57.1% in the second experiment), which suggests that the
results may be generalised only with caution.
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that Dutch 4- and 6-year-old children diﬀer significantly from 12-year-olds
and adults when they have to categorise labial and coronal posttonic stops
varying in 20 ms-steps along a CD-range from 10 ms to 130 ms. The younger
children show a markedly higher percentage of ambiguous responses and the
cross-over point from one category to the other is extended to a broader
boundary region. Dutch does not have a pure quantity contrast in order to
distinguish two stop categories. Rather, CD can be a cue in addition to the
laryngeal cue provided by the presence and absence of closure voicing.26 As
indicated above, the situation is diﬀerent in Finnish and also in Japanese
where consonantal quantity is phonemically distinctive.
A study by Aoyama (2002, also cf. Aoyama 2001) focuses on Japanese
and Finnish 3-, 4- and 5-year-olds’ abilities to perceptually discriminate and
to produce a length contrast in a coronal nasal. Her results suggest that the
acquisition of length contrasts is highly language-specific. The Finnish children clearly discriminate /hana/ from /han:a/ in a picture-pointing task,
whereas the Japanese children are less confident in their judgments. The
3- and the 5-year-olds’ responses are at chance level. With 78.6% correct
responses the 4-year-olds are slightly better than the other Japanese subject groups but still they do not reach the same level of performance as
the Finnish children. Aoyama (2002) finds a similar diﬀerence in production. The Finnish children produced more systematic quantity distinctions
than the Japanese children. Pertaining to children’s diﬀerentiation skills
in production, Kunnari et al. (2001) also report that Finnish children between 13 and 17.5 months distinguished singleton from geminate stop consonants more reliably and earlier than Japanese infants of the same age
range. Richardson (1998) finds that in an imitation task at least some of
the 18-month-old Finnish infants participating in the study produced reliable length distinctions between [t] and [t:].
The studies presented in the current section are not suﬃcient to provide
a holistic picture of the early perception of consonantal length. They can
oﬀer only a rough impression of how the perception of CD contrasts might
develop. The data are hard to compare to each other and do not allow to
draw a coherent line of development. The subjects of the studies are from
diﬀerent language backgrounds and of diﬀerent ages. Moreover, the stimuli
diﬀer in the consonants chosen for examination and in the values selected
from the CD continuum (presumably due to language-specific conventions
26

Note that Kuijpers (1996) remarks that other cues such as formant transitions, burst
amplitude and burst duration may have had an influence on the discrimination results in
her study.
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how CD is used). Furthermore, on the basis of the studies at hand it is not
possible to assess the role of the phonological status of length in language
acquisition. In other words, no conclusions can be drawn as to whether
perceptual development is diﬀerent for children learning a language with
a phonemic length contrast, like Finnish, Japanese or Swiss German, as
compared to children acquiring a language in which CD is phonemically
irrelevant or just an additional cue to a phoneme contrast primarily marked
by laryngeal configurations as in English, Dutch or German.
So far, it can be recorded that infants undeniably possess at least some
sensitivity to consonantal length. This is also supported by an ERP-study
by Leppänen et al. (2002), who find that electrical activation in the brains of
Finnish 6-month-olds is diﬀerent for short (95 ms) and long (255 ms) coronal
stops. Nonetheless, consonantal length contrasts are apparently not at all
easy to discriminate as the discrepancies between infants/children on the
one hand and adults on the other hand suggest. The available data seem to
portend that the perception of the length contrast might develop in a similar
way as the laryngeal contrast between prevoiced and voiceless unaspirated
stops, namely being weakly present at birth and becoming more reliably
discriminable with a suﬃcient amount of linguistic experience (‘facilitation’).
The present thesis will provide more insights into infants’ perception of a
length contrast and its development during the first 16 months of life, both
in infants learning a language in which quantity contrasts are represented
phonologically in the prosodic structure of the language as well as in infants
for whom CD is at most a secondary cue to discriminate tense/lax contrasts.

4.5

The Acquisition of a Phonological System

As yet, the present chapter focused on infants’ speech sound discrimination
skills. In the preceding sections, it became clear that early perception develops from a universal perception of speech contrasts to a language-specific
one during the first year of life. Although infants’ perceptual and discriminative capacities are not yet adult-like at the end of this period (e.g., Kuijpers
1996; Polka et al. 2001), 12-month-old infants seem to perceive speech contrasts mostly in line with the phoneme categories of their mother tongue.
As adumbrated already in section 4.2, infants’ contrast discrimination skills
in the first year of life are rather of phonetic than of truly phonological
nature. Although infants’ perception has adapted to the native phoneme
inventory at around 10 to 12 months of age, phoneme contrasts must not
only be perceivable but they also have to be stored in long-term memory and

4.5 The Acquisition of a Phonological System

95

they must be available in distinguishing minimal pairs in order to successfully establish and process meaning distinctions. Since the present thesis
is mainly concerned with infants’ pure discrimination skills and not with
their phonological proficiency, the topic of phonological acquisition will not
be discussed as elaborately as the preceding sections on very early speech
perception. The current section will provide a rough sketch of linguistic development in the second year of life and in particular of infants’ distinction
of phoneme contrasts.
At the centre of the following discussion is the finding that infants’ capacity to phonetically discriminate phonemic contrasts does not necessarily
entail successful application of the same contrast in more complex tasks at
the beginning of the second year of life. Stager & Werker (1997) use the
Switch Procedure in a series of experiments with Canadian English infants
to investigate whether they are able to detect a subtle phonemic contrast
– the PoA contrast in the syllables ‘bih’ [bI] and ‘dih’ [dI] – and whether
the infants are able to use this contrast in word learning. The results reveal
that 14-month-olds do not recognise the native /b/–/d/ contrast in a wordlearning task, neither if the infants are familiarised with two word-object
pairings in the habituation phase (Experiment 1), nor when task demands
are reduced by presenting only one word-object combination during habituation (Experiment 2). Infants aged 8 months, however, have no problems
in discriminating ‘bih’ and ‘dih’ (tested in the variant with one word-object
pairing only). Two additional experiments attest that 14-month-olds are
generally capable of accomplishing the task and that they did not completely lose the ability to discriminate the PoA contrast in question. The
infants detect a ‘switch’ between two phonetically dissimilar non-words (‘lif’
[lIf] and ‘neem’ [ni:m]) in a single word-object association task. Furthermore, 14-month-olds succeed in distinguishing ‘bih’ from ‘dih’ when the
visual stimulus presented during habituation and test trials is a checkerboard pattern instead of one of the fancy objects presented in the previous
experiments.27 Stager & Werker (1997) explain the discrepancies in the
contrast detection skills between 8- and 14-month-olds by suggesting that
the task is diﬀerent for the two age groups, respectively. The 8-month-olds,
still in a ‘pre-phonological’ phase of language acquisition, pass the experiment as a plain sound discrimination task with the object on the screen
27
It is assumed that due to its static, screen-filling nature and its plain, two-dimensional
appearance a checkerboard pattern is unlikely to be taken as an object. Accordingly,
infants are assumed not to associate the pattern with a label. The checkerboard image is
meant to be only a visual attractor for infants’ gazes, thus making the Switch task a pure
syllable discrimination task (see appendix A for more details on the Switch Procedure).
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serving as a simple attention-getter.28 The older infants are more advanced
in their linguistic skills and have begun to understand the referential nature
of language. Accordingly, they attempt to establish meaningful connections
between auditory and visual stimuli, that is, for them the experiment is a
word-learning task. According to Stager & Werker (1997), linking words
and objects is a diﬃcult task for 14-month-old infants, which is demanding
more cognitive resources than a simple discrimination task. Consequently,
they assume that children who have just begun to build up a mental lexicon
are very busy concentrating on the lexical aspects when engaged in a word
learning task, hence they neglect fine phonetic detail. In the syllable pair
‘bih’–‘dih’ phonetic diﬀerences are minimal and seem to be disregarded. The
phonetic contrast between the non-words ‘lif’ and ‘neem’ is larger, hence the
14-month-olds’ success in the word-learning task.
The findings by Stager & Werker (1997) show that although Canadian
English 14-month-olds are capable of distinguishing the native PoA contrast between /b/ and /d/ in a discrimination paradigm, they fail to use
fine phonetic detail in a word-learning task, that is, when they are required
to establish meaningful links between words and objects. A study by Pater et al. (2004) shows that 14-month-olds’ inability to distinguish native
phoneme contrasts in word-learning tasks is not restricted to the ‘bih’–‘dih’
contrast. In order to make the stimuli conform to English phonotactics, the
authors add a coda to the test syllables, making the stimuli ‘bin’ [bIn] and
‘din’ [dIn]. The addition of a final consonant has no eﬀect on infants’ performance in the word-learning task: 14-month-olds fail to notice a ‘switch’
between ‘bin’ and ‘din’ in a Switch experiment just as they fail to distinguish ‘bih’ and ‘dih’ in Stager & Werker’s (1997) study. Moreover, Pater
et al. (2004) find that 14-month-old infants fail to distinguish a laryngeal
contrast between ‘bin’ [bIn] and ‘pin’ [ph In] as well as a combination of
a PoA and a laryngeal contrast (‘din’–‘pin’) in a simplified variant of the
Switch Procedure with only one word-object pairing.29 The replication and
expansion of Stager & Werker’s (1997) results suggest that 14-month-old
English-learning children do not only fail to distinguish the PoA contrast
28

As a side note it shall be emphasised that speaking of a ‘pre-phonological’ phase is
intended to refer to a phase before infants start linking words and objects and building a
lexicon. ‘Phonological’ in this context is not meant to say something about the existence
of phonological representations. As will be seen below, it is sometimes suggested that
infants have detailed phonological representations even though they have not yet entered
the word-learning stage (see section 4.5.3).
29
Phonetically, the laryngeal contrasts are described as “(partially) voiced unaspirated”
versus “voiceless aspirated” (Pater et al. 2004:392,394).
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between /b/ and /d/, but that the diﬀerentiation of fine phonemic contrasts
in general poses a problem for 14-month-olds when they are engaged in a
word-learning task. Apparently, early phonological systems – if one wants
to speak of a ‘phonological system’ already – are not completely reliable yet.
This discovery, which will also be referred to as the ‘bin/din-paradox’
below, leads to a debate about the nature of early phonological representations which is far from being settled and which cannot be traced in detail
here. Making no claim to be complete, some exemplary positions will be
picked out and presented in the following paragraphs. A central question
arising from the findings by Stager & Werker (1997) and Pater et al. (2004)
is whether infants fail to distinguish phoneme contrasts in word-learning
tasks because they lack the phonological fundament or because they are
somehow hampered in using or accessing their phonological knowledge. In
other words, is it a problem of competence or performance?

4.5.1

The Resource Limitation Hypothesis

By relating infants’ phoneme distinction capacities to processing load, Stager
& Werker (1997; see also Pater et al. 2004) are proponents of the performance
argument. Under their view, the discrimination ability in the checkerboardvariant of the Switch Procedure demonstrates that the phoneme contrast is
in place. Yet, since the construction of label-object associations is computationally more demanding than simple speech sound discrimination, infants
fail to use their knowledge in word-learning experiments, in which their processing capacities are drawn upon otherwise. Such a view, also referred to
as resource limitation hypothesis (Fennell & Werker 2003), entails the assumption of continuity between perceptual or phonetic representations and
lexical/phonological representations. Following the parsimony principle, the
idea that an already existing (phonetic) representation has to be built anew
as a phonological one when infants start to process speech signals lexically
is rejected. If information is discriminable phonetically it must also be available for phonological use. If, however, the phonetically discriminable information cannot be utilised for phonological processing, this is assumed to be
due to specific performance limitations and not to a discontinuity between
phonetic and phonological development.
Diﬀerent phenomena observed in a series of follow-up studies provide
support for the resource limitation hypothesis. First of all, infants’ inability
to distinguish phoneme contrasts in a word-learning situation seems to be
confined to only a short period in children’s development. Besides replicating Stager & Werker’s (1997) finding of English-learning 14-month-olds’
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failure to distinguish ‘bih’ from ‘dih’ in a word-learning task with the Switch
Procedure, a study by Werker et al. (2002) shows that 17- and 20-month-old
Canadian English toddlers have no diﬃculties detecting the ‘switch’. Furthermore, they find that 14- and 17-month-olds’ performance in the wordlearning task correlates positively with their vocabulary size. More advanced
word learners are better at distinguishing the phoneme contrast in the perception experiment. From these findings the authors conclude that there
is only a brief temporal window when infants are unable to distinguish fine
phonetic detail in word-learning tasks. When infants are just at the beginning of learning to link words and objects, the task demands of the Switch
Procedure are computationally too complex, leading to a neglect of fine
phonetic detail. When children become more used to word-learning, access
to phonetic detail is no longer limited and thus the 17- and 20-month-old
participants succeed in distinguishing ‘bih’ and ‘dih’.
Furthermore, it has been shown that a reduction of the task demands can
result in successful learning and subsequent perceptual distinction of phonetically similar words. Also using the Switch Procedure, Fennell & Werker
(2003) test Canadian English 14-month-olds’ ability to distinguish the same
PoA contrast as employed in Stager & Werker’s (1997) study, that is, /b/
versus /d/. In contrast to the previous studies, the stimuli consist of familiar words and objects (/b/all vs. /d/oll with according pictures as visual
stimuli)30 . In this case, the infants have no diﬃculties in distinguishing /d/
from /b/; they reliably notice the ‘switch’. The authors explain this finding
by reference to the diﬀerential tasks. While the studies by Stager & Werker
(1997), Werker et al. (2002) and Pater et al. (2004) require infants to learn
new (non-)words to detect the ‘switch’, infants in Fennell & Werker’s (2003)
study are already familiar with the words presented in the test. Thus, in
the latter study, infants are no longer tested on their word-learning skills
but rather on their word-recognition skills. Consequently, they do not have
to focus their attention on the linking of objects and labels. Instead, the
processing load is reduced, leaving more cognitive resources to accessing
phonetic detail.
These assumptions are confirmed by various experiments using the Preferential Looking Paradigm (PLP).31 Swingley & Aslin (2002) demonstrate
30

Fennell & Werker (2003) test infants learning Canadian English as spoken in Vancouver. According to the authors, in this variety of English, the words ‘ball’ and ‘doll’ form
a minimal pair and can be transcribed as [bO:l] and [dO:l].
31
From a methodological point of view, the PLP is principally less demanding than the
Switch Procedure. While the latter method requires infants to keep the objects and their
labels in memory, the PLP oﬀers to choose between two diﬀerent pictures. Even if the
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that 14- to 15-month-old American English infants are sensitive to phonetic
detail in a word-recognition task. Infants notice mispronunciations in consonants and vowels of familiar words, suggesting that their representations are
fairly detailed and that they use this detail to distinguish words. Similarly,
Ballem & Plunkett (2005) find that 14-month-old infants learning British
English are more sensitive to segmental mispronunciations in familiar words
(e.g., [ph Ol] for [bOl] ‘ball’) than in newly learned non-words (e.g., [duk] for
[th uk] ‘tuke’). In line with the findings by Werker and her colleagues and
by Swingley & Aslin (2002), they suggest that the representations of newly
learned words are still rather fragile and prone to be aﬀected by high task
demands whereas the representations of familiar words have become more
robust already. Older infants with more linguistic experience are assumed to
be more advanced in their speech processing skills so that word learning is
less of a cognitive challenge to them, leading to successful phoneme distinction in word-learning tasks, an assumption that is in line with the findings
of Werker et al. (2002; also cf. Swingley & Aslin 2000; Swingley 2003 and
references there).
Another way of reducing task demands is to make infants more familiar with the objects whose labels are to be learned. In a study by Fennell
& Werker (2004) 14-month-old Canadian English infants without explicit
knowledge of the word ‘doll’ are given some time in advance of the virtual
experiment to play with the doll later shown on the screen. In the Switch
Procedure (with the picture of the doll being the sole visual stimulus), they
succeed in distinguishing ‘doll’ from ‘goll’. A facilitation of the task is also
achieved by emphasising the referential connection between the visual and
the auditory stimuli, that is, by making the learning situation more explicit.
Yoshida et al. (2009) test 14-month-old infants from an English language
background with a mixture of the Switch Procedure and the PLP (calling it
a ‘visual choice paradigm’). The learning phase is the usual habituation procedure known from the Switch experiments. Infants are familiarised with the
syllables ‘bin’ and ‘din’, each presented in combination with a fancy object
as visual stimulus. In the test trials, both objects appear on the screen, but
only one of them is named. If infants learn the labels and are able to distinguish the minimal pair they will look longer to the correct object. Moreover,
filler items of known words and objects are presented between the test trials, referred to in a carrier sentence making the connection between visual
and auditory stimuli more explicit (e.g., “Car . . . Look at the car!”; Yoshida
child may not be absolutely certain, one of the pictures will be a better match to the label
heard in the test trial than the competitor image (see, e.g., Yoshida et al. 2009).
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et al. 2009:414). The emphasis of the referential nature of the task as well as
the forced choice testing situation apparently lead to a reduction of processing load. Accordingly, and in contrast to the findings by Stager & Werker
(1997), Werker et al. (2002) and Pater et al. (2004), Yoshida et al. (2009)
report that 14-month-olds succeed in learning the similar-sounding syllable
pair ‘bin’–‘din’. Similarly, Fennell & Waxman (2010) find that 14-montholds from an American English language background succeed in learning
and distinguishing ‘bin’ and ‘din’ when the referential audio-video-stimuli
relation is made more explicit than in the classical Switch Procedure.
Finally, a study by Thiessen (2007) suggests that word learning in a
Switch experiment is also eased when the phoneme contrast to be tested
appears in a lexically dissimilar context in the familiarisation phase (Experiment 2). During habituation, American English-learning 15-month-olds are
presented with the three synthesised (non-)words ‘daw’, ‘tawgoo’ and ‘dawbow’, each paired with a fancy object as visual stimulus. In the test phase,
infants succeed in distinguishing ‘daw’ [tO:] (ACT: 5 ms) and ‘taw’ [th O:]
(ACT: 47 ms), both paired with the ‘daw-object’ known from the habituation phase. However, if the contrast appears in a similar lexical context during habituation (Experiment 3: ‘daw’, ‘tawgoo’, ‘dawgoo’), 15-month-olds
fail to distinguish ‘daw’ from ‘taw’ in the test phase. The study by Thiessen
(2007) suggests that it is not the existence of minimal pairs or, more generally, lexical density in the mental lexicon that forces infants to establish
detailed phonological specifications. Instead, contrast learning seems to be
more diﬃcult if the phonemes in question occur in similar contexts.
So far, the studies presented in the current section provide support for
the assumption that at the age of 14 months, infants in principle have the
phonological basis to distinguish minimal pairs, to learn new words and to
store them in memory. Their inability to access the relevant information
seems to be due to a temporary processing overload caused by specific task
demands. As soon as the experimental requirements are decreased and also
when infants become older and more experienced with language learning,
they no longer have diﬃculties in learning and distinguishing minimal pairs.
What is called resource limitation hypothesis by Werker and her colleagues
can be seen as a description of a phenomenon that is otherwise labeled
‘computational bottleneck’ and which is not restricted to phonology and
word learning. Such performance limitations seem to occur also in other
areas of the language acquisition process and in child development in general,
as Crain & Lillo-Martin (2003:27) suggest:
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“These bottlenecks can be attributed to some limitation in a nonlinguistic cognitive capacity, such as attention span or memory span.
The idea of a computational bottleneck also influences adult behavior
in some circumstances. It is diﬃcult to do two demanding tasks simultaneously – such as driving a car down a twisty road and discussing
a philosophical issue. Apparently, children have such bottlenecks at a
much lower level.”

The assumption that infants’ failure in phoneme distinction is due to performance limitations and not a problem of competence implies that phoneme
representations are in place at the age of 14 months. The studies mentioned
above assume that infants’ language-specific perception at the end of the
first year of life provides evidence for the existence of native phoneme categories, but they do not explicitly elaborate on how these representations
come into existence and how exactly they look like. The issue will be addressed below, but prior to that, some approaches arguing in favour of a
competence explanation shall provide a counter-perspective to the resource
limitation hypothesis.

4.5.2

Fragmentary Phonological Systems

Competence explanations are based on the assumption of discontinuity between perceptual phonetic representations on the one hand and phonological representations on the other hand. The two types of representations are
considered to belong to two distinct systems which are acquired separately.
For instance, Brown & Matthews (1997; as summarised in Fennell & Werker
2004) suggest that phonetic and phonological developments are independent
of each other and that they even move in opposite directions. The phonetic
repertoire is supposed to be rather broad and universal at the beginning
of infants’ life. Gradually, infants stop paying attention to those contrasts
that do not occur systematically in the sound signal they are exposed to.
This development is described as ‘pruning’.32 In contrast to the decremental pattern of phonetic development, the phonological system and with it
lexical representations are assumed to develop in the opposite direction, as
an increasing pattern, which Brown & Matthews (1997) refer to as ‘building’. Step by step infants learn which phonetic distinctions are important
32

Recall that the perceptual adaptation to the native phoneme inventory is not based on
restrictive processes alone, but that some contrasts are acquired with increasing linguistic
experience (see section 4.2). Thus, the term ‘pruning’ seems to be appropriate only for a
general description of phonetic development from broad universal perceptual abilities to
a perception that is refined to the native phoneme inventory. The term cannot cover all
individual contrasts, however.
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(i.e., phonemic) for the language they are learning and from this gradually
acquired knowledge they start to form lexical representations.
From this point of view, the ‘bin/din-paradox’ can be explained as caused
by an immature phonological system, that is, by limitations in linguistic
competence. Infants are assumed to have acquired stable phonetic representations of the phoneme contrasts of their mother tongue by the end of their
first year of life, as evinced by 10- to 12-month-olds’ as well as by 14-montholds’ successful performance in pure discrimination tasks (e.g., Werker &
Tees 1984; Stager & Werker 1997). Yet as soon as the task requires to build
meaningful associations between words and objects, the phonetic representation is not suﬃcient. Instead, a deeper level of phonological representations
is tapped in word learning. However, at the age of 14 months, phonological representations are assumed to be still rather global or fragmentary –
not adult-like. Consequently, because of their immature phonological representations, 14-month-olds fail to distinguish single phoneme contrasts in
a word-learning situation, even though the exact same contrasts were easily
diﬀerentiated in a pure discrimination task where phonetic representations
were suﬃcient.33
An elaborate ‘competence account’ of how lexical representations might
develop in the process of early language acquisition is provided by Fikkert
and her colleagues who propose a phonological system based on the FUL
model (Featurally Underspecified Lexicon; Lahiri & Reetz 2002; see also
Lahiri & Reetz 2010). FUL rests upon the assumption that the PoA feature
[coronal] is universally underspecified and that other features might be underspecified language-specifically. The FUL-based account of phonological
acquisition as suggested, for instance, by van der Feest & Fikkert (2005),
van der Feest (2007), Fikkert & Levelt (2008) and Fikkert (2010), claims
that infants establish a language-specific perceptual and purely phonetic
representation in their first year of life and that the required knowledge for
this kind of representation is presumably deduced on the basis of distributional properties of the input. However, the FUL-based account holds that
the phonetic representation is not used for the storage of lexical items but
only to determine the incoming speech signal. In the mental lexicon, an
33

Note that Thiessen (2007) mentions a strong argument against discontinuity models.
Emphasising the referential nature of the task was shown to ease word learning (e.g.,
Yoshida et al. 2009; Fennell & Waxman 2010). If phonological representations were still
deficient and infants – by competence – incapable of accomplishing the task, the situation
with emphasised referentiality should have the opposite eﬀect. The task should become
even harder since phonological knowledge is required more explicitly, and it becomes even
less likely that the auditory signal is processed in phonetic terms only.
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additional, phonological representation is built, distinct from the phonetic
one. The early phonological representations are not adult-like. The mature
system is achieved only step by step, by gradually specifying more contrasts.
It is hypothesised that even though children are able to acoustically perceive
phoneme contrasts in the input, they do not use all perceived features for
storage in the mental lexicon when building up phonological representations.
At the beginning of lexical acquisition, children are assumed to specify only
those features which are perceptually most salient. Less salient contrasts
are specified at a later point in development (Altvater-Mackensen & Fikkert
2010; see also van der Feest 2007). Overall, the phonological system – as
opposed to the speech signal – is assumed to be an underspecified system
and children’s lexical representations are not yet adult-like.
For speech recognition and phonological processing, the FUL model suggests that distinctive features are extracted from the acoustic signal and
that these surface features are mapped onto abstract phonological representations in the mental lexicon by a three-way matching algorithm of ‘match’
(M), ‘mismatch’ (MM) and ‘no-mismatch’ (NMM). A match implies that the
same feature occurs in both the signal and in the abstract lexical representation. A mismatch refers to conflicting featural information between signal
and lexicon and leads to the rejection of the mismatching lexical entry as
a potential candidate. A no-mismatch is found when the feature extracted
from the signal comes upon a case of underspecification in the lexicon. In
table 4.3, the ternary matching logic is illustrated by an example of PoA
specifications.34

M
MM
NMM

Lexicon
/p/
[lab]
/k/
[dor]
/t/
[
]

Signal
[p]
[lab]
[p]
[lab]
[p]
[lab]

Example
lexical /pIn/ is a good candidate for signal [ph In]
lexical /kIn/ is rejected as a candidate for signal [ph In]
lexical /tIn/ is an acceptable candidate for signal [ph In]

Table 4.3: Ternary matching algorithm of match, mismatch and no-mismatch
in the FUL model (Lahiri & Reetz 2002).

34

The PoA features that are used for both vowels and consonants here are [lab] (labial),
[cor] (coronal) and [dor] (dorsal). Empty square brackets indicate that a segment is
underspecified.
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Fikkert (2010) refers to this logic in order to explain the ‘bin/din-paradox’.
A key issue in the FUL-based approach to phonological acquisition is that
children begin to build lexical representations by specifying vowels and that
consonants receive their specification at a later developmental stage (Fikkert
2010; see also Fikkert & Levelt 2008 for a parallel account for early speech
production). At the age of 14 months, infants are assumed to have no consonantal PoA specifications yet. Only vowels are assigned a PoA-feature.35
Due to the underspecification of coronals, however, /I/ in ‘bin’ and ‘din’
remains underspecified. Consequently, no matter which features 14-montholds extract from the signal, these surface features will always form a nomismatch with the lexical representation, in which consonants are unspecified and the coronal vowel /I/ is underspecified. Fikkert (2010) provides
support for this assumption and replicates Pater et al.’s (2004) findings by
showing that 14-month-old Dutch infants, like their English-learning peers,
fail to distinguish ‘bin’ from ‘din’ in a Switch task with one word-object
pairing. In contrast, a discrimination task, using the simplified Switch Procedure with a checkerboard pattern as visual stimulus, does not tap the
phonological representations, as Fikkert (2010) argues. Instead, the more
superficial phonetic representation allows children to perceive the contrast.
The situation changes when children grow older. By the age of 17
months, they are assumed to have established PoA feature specifications
also for consonants. In line with the predictions made by the FUL-based
account of phonological acquisition, Fikkert (2010) reports that 17-monthold Dutch infants succeed in distinguishing ‘bin’ from ‘din’, but only if ‘bin’
is presented during the habituation phase and ‘din’ serves as audio-signal
in the ‘switch’ trial. In this case, the lexical representation of ‘bin’ with
the specification [lab] for the initial consonant forms a mismatch with the
feature [cor] extracted from [d] in the signal, resulting in contrast detection. In the opposite direction, when ‘din’ is the habituation stimulus, the
lexical representation is underspecified for the initial consonant, so that the
signal-feature [lab] extracted from the ‘switch’-stimulus ‘bin’ leads to a nomismatch-relation and the contrast is not distinguished.
Fikkert’s (2010) system becomes more complex as other vowels come into
play. Providing all the details would go beyond the scope of the present thesis. The interested reader shall be referred to Fikkert (2010) and references
cited there. It should be noted, however, that Yoshida et al. (2009) and Fen35

The findings by Altvater-Mackensen & Fikkert (2010) suggest that Dutch 14-montholds are sensitive to MoA-changes in word learning, that is, according to the FUL-based
account of phonological acquisition, infants have a MoA-feature specification already at
the age of 14 months.
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nell & Waxman (2010) report successful learning and subsequent distinction
of ‘bin’ and ‘din’ by 14-month-olds and thus provide counter evidence to the
FUL-based account of phonological acquisition.
Some remarks are due with regard to how laryngeal contrasts are dealt
with in this approach. In contrast to PoA specifications, in which underspecified coronals are assumed to be the default PoA, van der Feest (2007)
claims that infants do not possess a laryngeal node at all in the early stages
of phonological acquisition and that laryngeal contrasts – at least in the
voice language Dutch – are featurally specified later than PoA contrasts.
In a series of PLP word-recognition experiments with Dutch toddlers, she
finds that 20-month-olds fail to recognise mispronunciations of voicing and
explains this failure by the lack of a laryngeal node. 24-month-olds, by contrast, accept voiceless mispronunciations for prevoiced targets (e.g., ∗ pal is
accepted as bal ‘ball’), but prevoiced mispronunciations are not accepted
for voiceless targets (e.g., ∗ bop triggers a mispronunciation eﬀect for pop
‘doll’). Van der Feest (2007) argues that by the age of 24 months, Dutch
children have established a laryngeal node with a feature [voice] for lax stops
in their mental lexicon. Assuming monovalent features, tense stops remain
unspecified. According to the FUL model, such an asymmetric feature distribution would lead to the following predictions. A voiceless stop in the
signal conflicts with a lax [voice]-stop in the lexicon, leading to a mismatch
and subsequently to successful distinction of the contrast. On the other
hand, a prevoiced stop in the signal that comes upon an unspecified tense
stop in the lexicon triggers a no-mismatch situation and is assumed to entail
failure to distinguish the contrast. However, this is not what van der Feest
(2007) finds. Instead, the experimental data yield asymmetric results in the
opposite direction. Van der Feest (2007) oﬀers the following explanation.
If a voiceless target is mispronounced as prevoiced (e.g., ∗ bop for pop), the
phonetic cue of closure voicing makes the child (and also adults) look for a
lexical entry with a [voice]-specification. The search for a match delays the
activation of the (non-mismatching) voiceless lexical entry. Thus, despite
the lack of a lexical specification of tense stops the prevoiced signal leads
to a mispronunciation eﬀect. This line of reasoning leaves open why a nomismatch situation does not result in delayed activation in the case of PoA.
The representations regarding underspecification in PoA and laryngeal features proposed by the FUL-based account of language acquisition as well as
the predictions and explanations for the experimental data are juxtaposed
in table 4.4.
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Lexicon
/t/
[
]
/p/
[
]

Signal
[p]
[lab]
[b]
[voice]

Prediction
NMM
NMM

→
→

Finding/Explanation
no mispronunciation eﬀect
(no search for match)
mispronunciation eﬀect
(searching for match)

Table 4.4: Diﬀerent NMM eﬀects for PoA and laryngeal contrasts as reported
by van der Feest (2007:110) for 24-month-old Dutch children’s perception of
mispronunciations of PoA and voicing.

Concerning the opposite direction, if a voiceless stop appears in the signal
(e.g., ∗ pal for bal ), van der Feest (2007) claims that children fail to interpret
the phonetic cues for voicelessness. According to her, the toddlers have not
yet understood that the absence of closure voicing is a cue indicating ‘tenseness’, and other phonetic cues like CD and burst duration are acoustically
too weak to be detected. Therefore, she claims, both prevoiced and voiceless stops in the signal are accepted for [voice]-stops in the lexicon. Such an
argumentation is in line with Lahiri & Reetz’s (2002:640) definition that a
no-mismatch occurs not only “if a feature is extracted from the signal that is
not stored in the lexicon” (as is the case in the two examples given in table
4.4) but also “if no feature is extracted from the signal that is stored in the
lexicon”. Furthermore it implies that 24-month-old Dutch children have established a contrast between stops that may be either prevoiced or voiceless
(the lax series specified with a feature [voice] in the lexical representations)
on the one hand and stops which are always voiceless on the other hand
(the tense underspecified series). Van der Feest (2007) argues that such a
contrast structure might be fostered by the fact that Dutch has final devoicing, leading to variation in lax stops, depending on whether they occur
syllable-finally or not (e.g., [hOnt] ‘dog’ vs. [hOnd@n] ‘dogs’; see van der Feest
2007:153). She claims that the 24-month-olds may have overgeneralised from
this special-context variation in lax stops induced by final devoicing to lax
stops in general, irrespective of positional constraints. Adults are assumed
to be more sensitive to ‘tenseness’ cues than toddlers, so that a voiceless
signal mismatches with a voiced lexicon entry. But since there is no feature
for voicelessness (unlike for PoA, where an (underspecified) feature [cor]
marks the default PoA), the mismatch remains without eﬀect even in adults.
Overall, regarding the ‘bin/din-paradox’ and leaving aside some briefly
mentioned intricacies posed by the experimental data, the FUL-based account of phonological acquisition is an alternative approach to the ‘perfor-
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mance accounts’ as represented by the resource limitation hypothesis introduced in section 4.5.1. It is grounded on the assumption that children
start with rather global phonological representations before the phonological
system becomes more detailed and adult-like step by step and in a rather
systematic way.
So far, phonological acquisition has been regarded from the angle of the
‘bin/din-paradox’. A more general question, that is touched upon only by
some of the authors mentioned above, is how precisely phonological categories come into place.36 The issue will be briefly addressed in the following
section.

4.5.3

Phonological Categories in Early Language Acquisition

A basic question in the debate on phonological acquisition is whether phonological categories are in place from the beginning, that is, if they are innate,
or whether phonological categories have to be acquired in the course of
development. The present section will start with the description of an account that radically follows the innateness view (e.g., Hale & Reiss 1998).
Subsequently, three approaches representing the developmental course perspective will be introduced, beginning with a proposal by Fikkert (2005a)
that assumes a rigid order of feature acquisition and a strict division between
phonetic and phonological representations. In Vihman’s (2010) account of
template-based phonological acquisition and Pierrehumbert’s (2003) exemplar-theoretic approach the phonetic and the phonological level become increasingly interwoven.
Proponents of the innateness hypothesis act upon the assumption that
infants do not have to acquire phonological features. Rather, features are
already in place at birth; infants start life ‘fully equipped’ with a Universal
Grammar (UG). Such a view is proposed, for example, by Hale & Reiss
(1998; see also Hale & Reiss 2003). According to them, infants’ excellent
perception skills in the first months of life indicate that features must be
inherent and that children begin the process of language acquisition with
fully specified phonological representations. In the course of development, so
they assume, children learn to reduce specification and dispose of redundant
features. Thus, infants’ language-specifically adapted perception of speech
contrasts at the end of the first year of life has to be understood as a cutback
36

Most of the proponents of the resource limitation hypothesis mentioned in section 4.5.1
do not explicitly discuss this issue. Pater et al. (2004) suggest an optimality theoretic
approach, but it remains open whether constraints are present from birth (i.e., whether
they are ‘innate’) or whether they are acquired or discovered in some way.

108

4 Acquiring Phoneme Contrasts

of a large set of universal features to a smaller subset, namely to those
features that are required to mark the phonological contrasts of the mother
tongue. Hale & Reiss (1998) do not comment on the ‘bin/din-paradox’.
Their theory is based mainly on issues pertaining to the relation between
comprehension and production.37 Yet by assuming detailed representations
from the beginning of life, Hale & Reiss’s (1998) account is in accordance
with the processing load accounts proposed by Werker and her colleagues.
The phonological representations are in place and more or less adult-like, but
task demands impede the perceptual distinction of the featurally specified
contrasts in word-learning experiments.
Virtually an inversion of Hale & Reiss’s (1998) position is the model suggested by Fikkert (2005a; see also Fikkert 2007). While Hale & Reiss (1998)
assume that in the course of development overly specified representations are
reduced in order to avoid redundancy, Fikkert suggests that infants begin
life without phonological representations. In the early stages of lexical acquisition, infants are assumed to start with scarcely specified representations
which become more detailed up to the point where they are just suﬃciently
detailed to incorporate all phonological contrasts of the native language. It
was mentioned before (section 4.5.2) that Fikkert (2010) assumes infants to
exploit statistical distributions in the speech input to arrive at a languagespecific phonetic representation at the end of the first year of life. However,
the phonetic representations are not used for storing lexical entries in the
mental lexicon. Instead, infants have to establish an additional phonological representation and they do so by specifying contrasts incrementally. In
this process, the acoustically most salient contrasts are claimed to receive a
phonological specification first and less salient contrasts are specified later
(see above, section 4.5.2). In describing how children construct increasingly
detailed phonological representations, Fikkert (2005a) refers to a model of
Jakobson (1941/72; see also Jakobson & Halle 1956; Dresher 2004) and the
continuous dichotomy hypothesis, which suggests that a system of phonological contrasts is arrived at by successively dividing the set of phonemes into
37

When children start speaking their first words, they are able to distinguish fine phonetic contrasts in perception, but in production they often make mistakes with the same
contrasts (the so-called ‘fis-phenomenon’, see Berko & Brown 1960). Two diverging approaches to account for this discrepancy are found in the literature. Some argue that
there are two separate representations for perception and production (e.g., Hale & Reiss
1998; 2003). While the perceptual representation is already elaborate, the representation for production is only about to evolve. On the other hand, there is also the opinion,
that the two systems are based on one shared representation (e.g., van der Feest & Fikkert
2005; Altvater-Mackensen & Fikkert 2010; Fikkert 2010). Since the present thesis is hardly
concerned with child speech production, this issue will not be pursued further.
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subgroups in a series of binary oppositions. Thus, Fikkert (2005a) suggests
a hierarchical and rather fixed structure of phoneme acquisition that is the
same for all children – at least for all acquiring the same language. According to the experimental perception data of Dutch children, MoA contrasts
in consonants are acquired before PoA contrasts, which in turn are acquired
before laryngeal contrasts (see van der Feest 2007; Altvater-Mackensen &
Fikkert 2010; Fikkert 2010).
Menn & Vihman (2011) agree with Fikkert in assuming that the phonological system is not yet in place with the (perceptual) mastery of languagespecific phonetic categories at the age of 12 months. Phonological features
are not considered inherently givens but are assumed to be acquired in the
course of linguistic development. Yet, the hypotheses of how phonological
features are acquired diﬀer considerably. By claiming that the phonological system emerges via so-called templates, Vihman (2010; see also Menn
& Vihman 2011) argues for an acquisition process that follows a less strict
order than Fikkert’s approach.
The core hypothesis of the template-based account of phonological acquisition is that children’s first productions display too much (within- as
well as cross-language) variation to be subsumed under one systematic acquisition process that all language learners run through (e.g., Vihman 2010).
Drawing on an analysis of early production data of children from six diﬀerent linguistic environments (American and British English, Finnish, French,
Italian and Welsh), Vihman (2010) suggests that infants start by individual item learning, producing long units (whole words or ‘motor sequences’),
which are not further subdivided into phonemes or features (see also Menn
& Vihman 2011). Infants then start to abstract away from the individual
items to form so-called templates. These fixed sequences of vowels and consonants may be diﬀerent for individual children, but they can be seen as
each child’s first approach to systematicity and as a first step towards the
unified phonological system of adults. Menn & Vihman (2011) claim that
the first evidence of phonological organisation appears at a point in time
when the children have acquired a vocabulary inventory of 30 to 70 words.
Only later, when consonants with diﬀerent PoAs begin to occur in the word,
segmental or featural representations are assumed to have emerged. By and
by the templates are reduced until they finally just reflect the phonotactic
patterns of the mother tongue.
Overall, the template-account accords children a highly individual development. Since much variation is observed across children and languages
as well as within both – and in opposition to Fikkert’s (2010) proposal (see
also Fikkert & Levelt 2008; Altvater-Mackensen & Fikkert 2010) – it argues
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against fixed stages. Furthermore, the phonological representation is not
considered a second representation that has to be built in addition to the
phonetic one, but rather as a new representation that gradually emerges
from the earlier phonetic one. Yet in focusing on early speech production,
Menn & Vihman (2011) state that children’s first words do not display
phonological systematicity and for this reason they clearly reject the continuous dichotomy hypothesis. Instead, the authors assume that phonology
emerges gradually on the basis of experience with speech production as well
as with children’s perception of their own utterances. Accordingly, the order
in which features, phonemes or phoneme classes are acquired are considered
to vary from child to child.
In a final approach to phonological acquisition to be introduced here, the
phonetic level and the phonological level are connected even more closely
than in the template-approach suggested by Vihman and her colleagues.
Pierrehumbert (2001, 2003) draws upon exemplar theory in order to explain
how abstract phoneme categories are established in the course of development. Exemplar theory holds that each category is mentally represented
by a “large cloud of remembered tokens of that category” (Pierrehumbert
2001:140). In the case of speech, tokens are sorted on a parametric phonetic
level, which Pierrehumbert (2003:116) describes as a “quantitative map of
the acoustic and articulatory space”. Accordingly, each item is determined
by its various phonetic properties. Under the exemplar-theoretic approach
to category formation, a concretely realised phone [p] would be located on
the map according to its specific phonetic properties, among them its particular values for ACT, CD, burst amplitude, formants, etc. A concretely
realised phone [ph ] would be sorted in the same way. With a suﬃcient
amount of linguistic experience, that is, with a suﬃcient amount of stored
[p]- and [ph ]-tokens, a cluster of tokens will emerge around a low ACT
value and another token-cluster around higher ACT values. The clusters
can then be regarded to represent a category, namely the phoneme category
/b/ (in German and other aspiration languages) for the token-cloud with
low ACT values and the phoneme category /p/ for the cloud of high-ACT
tokens.38 Thus, in the exemplar-theoretic framework, categories are understood as ‘density distributions’ over the continuous, parametric phonetic
level. Similar items are grouped together and the group as a whole receives
a particular label. Hence, beside the continuous parameter level, there is
also a discrete level of phonetic encoding which could also be seen as an
38

The present example adopts a simplistic view, under which a phoneme contrast is
reduced to a single phonetic parameter, namely ACT.
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abstract phonological level.39 Consequently, phonetics and phonology are
very closely interlocked – in other words, Pierrehumbert (2003) assumes a
direct continuity between phonetic and phonological representations.40
The exemplar-theoretic approach implies that abstract phoneme categories emerge from language-specific implementations of speech (including
also prosodic properties like, e.g., stress). Consequently, phonological categories cannot be universal or even innate. A crucial aspect of the categories
as suggested by this usage-based account is that they are flexible and can
remain so for a very long time, becoming increasingly refined with age.
Regarding the formation of phoneme categories in early childhood, Pierrehumbert (2003:132f.) states:
“Through incremental experience, listeners acquire more and more accurate estimates of both the center of any given category distribution
and the behavior of the tails of the distribution. This leads to more
and more adult-like boundaries and patterns of variation. [. . . ] Each
category is continually updated as the speaker perceives and encodes
incoming examples; the updated distributions then provide the basis
for productions by the speaker.”

Like Fikkert (2005a), Pierrehumbert (2003) suggests that infants start learning phoneme categories by ‘token statistics’, that is, by evaluating statistical
distributions of phonetic properties in the speech signal. At a later point in
development, when children already have (emerging) lexicons, phonological
acquisition is supported also by ‘type statistics’ in the form of generalisations
over the lexicon. Within Pierrehumbert’s (2001, 2003) exemplar-theoretic
account, infants’ language-adapted perception of phones at the end of the
first year of life suggests that the children already had suﬃcient experience
with their mother tongue to establish native categories for these particular sounds. At the same time the process of phoneme acquisition is not
completed at the age of 12 months. The model permits (and predicts) ongoing refinement and maturation, which is assumed to develop diﬀerently for
individual sounds, depending on factors like salience and frequency.
By assuming that abstract categories emerge from detailed phonetic representations, Pierrehumbert’s (2001, 2003) account of phonological acquisition resembles the template model (Vihman 2010; Menn & Vihman 2011).
Nonetheless, the accounts diﬀer in some crucial assumptions. Phonetics and
39
The exemplar-theoretic model of category formation implies that categories need not
be restricted to segments. Other aspects of the language, as for instance tones, syllables
and feet can also be grouped into categories (see Pierrehumbert 2003:119f.).
40
Since phonetics and phonology cannot be clearly separated in this model, the following
paragraphs speak of ‘phoneme categories’ instead of explicitly referring to phonology.
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phonology are much more interlocked in the exemplar-theoretic account and
due to the continuous updating of categories they also remain so in the course
of development.41 Additionally, Pierrehumbert’s (2001, 2003) model allows
to assume that the language-specific perception of speech at the end of the
first year of life indicates that infants have established phoneme categories
despite the absence of a (reasonably large) lexicon and that these permanently refined and updated categories will be used in word learning later.
Thus, the exemplar-theoretic model of category formation is compatible with
the processing-load explanations to the ‘bin/din-paradox’ whereas Menn &
Vihman’s (2011) approach, which assumes that phonological systems are
acquired only with a certain vocabulary size, rather suggests processing difficulties due to a lack of phonological structures.

4.6

Summary

In the first sections of the present chapter, it was shown that infants’ perception of speech contrasts develops from a universal perception to a perception
adjusted to the phoneme inventory of the infants’ native language. This kind
of language-specific perception at the end of the first year of life led to the
supposition that the adaptation to the mother tongue reflects early phonological organisation of the speech signal (e.g., Pegg & Werker 1997). This
hypothesis became challenged by the detection of what has been called the
‘bin/din-paradox’. It was found that minimal contrasts (in PoA, in laryngeal
properties or in a combination of both) were not recognised by 14-month-old
infants in diﬀerent kinds of word-learning tasks (e.g., Stager & Werker 1997;
but see Fikkert 2010 for partially diverging data). Importantly, 14-montholds were shown to be sensitive to phonemic contrasts if (a) the sounds to be
distinguished are extremely dissimilar (e.g., Stager & Werker 1997, Experiment 3, ‘lif’ vs. ‘neem’); (b) the minimal pair tested consists of words which
are familiar to the infants (e.g., Fennell & Werker 2003, ‘ball’ vs. ‘doll’); (c)
the task demands are reduced from a word-learning task to a simple discrimination task presenting a checkerboard pattern as visual stimulus instead of
an object (e.g., Stager & Werker 1997, Experiment 4, ‘bih’ vs. ‘dih’).
In order to account for these findings, proponents of the resource limitation hypothesis stuck to the assumption that phonological representations
are in place at the end of the first year of life, as suggested by infants’
41

Such a view necessarily rejects underspecification, as Pierrehumbert (2003) explicitly
states with reference to empirical evidence of lexical storage of subphonemic detail.
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language-specific perception already at 10 to 12 months of age.42 At the
age of 14 months, infants are still beginners in word learning and establishing connections between objects and labels is considered to still represent
a cognitive challenge to them. The processing load of word-learning tasks
hampers 14-month-olds’ access to the phonological representations. Since
they use their attention to establish meaningful associations between words
and objects, they neglect fine phonetic (phonemic) diﬀerences which they
successfully attend to in less demanding situations. Experimental data from
tasks in which processing load was reduced in diﬀerent ways support this
hypothesis (e.g., Thiessen 2007; Yoshida et al. 2009). This approach leaves
open whether phonological categories are innate or experientially acquired
in the first months of life and both positions are found in the literature (e.g.,
Hale & Reiss 1998 as proponents of the UG-account; Pierrehumbert 2003
for an exemplar-theoretic account).
The contrasting opinion towards the ‘bin/din-paradox’ and phonological
acquisition in general, suggests that language-specific speech perception at
the age of 12 months is based exclusively on phonetic representations, mostly
deduced from statistical properties of the speech input. The phonetic representations are distinct from phonological representations, which are assumed
to be acquired – or to ‘emerge’, to speak in Menn & Vihman’s (2011) words –
gradually in the second year of life. The data by Fikkert (2010) and van der
Feest (2007), for example, militate in favour of a discontinuity between the
phonetic and the phonological level and argue for fragmentary phonological
representations in the early stages of language acquisition.
For the moment, the question of how a phonological system develops in
the early phases of the language acquisition process cannot be answered.
Despite the numerous studies investigating infants’ perception of phoneme
contrasts in word-learning experiments, it remains unclear whether early
representations are fragmentary (‘vague’ or ‘global’, with minimal pairs encoded identically), or if they are adult-like (i.e., detailed) but cannot be
accessed due to the computational demands of word learning. All that can
be inferred so far is that the phonological system is not yet stable at the
beginning of the second year of life. As mentioned before, however, the nature of early phonological representations is negligible in this thesis. Infants
aged 6 to 8, 10 to 12 and 14 to 16 months were tested in the present study
(see chapters 6, 7 and 9). The two younger age groups are still too young to
be aﬀected by the word-learning problems addressed in section 4.5; they are
42

Pater et al. (2004) utter a slightly diﬀerent view, suggesting partial integration of a
contrast due to flexible constraint hierarchies at the critical age of 14 months.
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assumed to be in a ‘pre-phonological’ phase of language acquisition. The
only age group which might be aﬀected by the ‘bin/din-paradox’ are the 14to 16-month-olds. Since the present work does not address children’s wordlearning skills, the problems should not come to light in the experiments
presented in chapters 7 and 9. It should be kept in mind however, that
even though 14-month-olds may have diﬃculties in distinguishing phoneme
contrasts in word-learning situations, they show reliable distinction of the
same contrasts in purely phonetic discrimination tasks.
Concerning the ‘pre-phonological’ phase, the present chapter demonstrated that the first year of language acquisition is determined by a perceptual development from universal sound discrimination skills to a languagespecific perception of speech contrasts. It was shown that this development
may proceed diﬀerently for diﬀerent contrasts, comprising facilitation, maintenance and attenuation processes. With respect to the acquisition of the
particular contrasts focused on in this thesis, the literature review revealed
that a laryngeal contrast between stops with a short voicing lag and stops
with a long voicing lag seems to be quite robust and universally discriminable
in the first months of life. Accordingly, the tense/lax opposition as implemented in German and other aspiration languages is assumed to be rather
easy to acquire, following the principle of maintenance. The length contrast
was shown to be less salient and the scarce literature on such contrasts in
language acquisition suggests that CD distinctions are harder to discriminate than ACT distinctions. Therefore, it is plausible to assume that the
acquisition of a singleton/geminate contrast in Swiss German may require
some linguistic experience before the contrast is reliably distinguished.
Before turning to the infant experiments, chapter 5 will present the findings of two pilot studies conducted with adults. In order to learn how the
stimuli for the infant tests should best be constructed, a production study
with German adults and a perception study with German and Swiss German
adults were run to obtain more insights on how ACT and CD are used in the
two languages of interest. Subsequently, chapter 6 will return to methodological aspects pertaining to the Switch Procedure, including a precursory
infant test. In chapters 7 and 9, the experiments on infants’ perception of
ACT and CD contrasts will be presented.

Chapter 5

Pilot Tests with Adults
5.1

An Appropriate Phonological Context

As was shown in chapter 2, ACT is the primary phonetic correlate for the
German laryngeal contrast between voiceless unaspirated and voiceless aspirated stops. The relevant parameter for categorical stop distinction in Swiss
German is CD. The respective phonetic parameters for stop contrasts in
German and Swiss German are perceptually distinguished best in diﬀerent
environments. Steriade (1997) describes ACT (VOT, in her wording) as a
‘contextual onset cue’, that is, a parameter realised at the beginning of the
vowel that follows the stop under investigation. Accordingly, the German
stop contrast is perceived best in stressed syllables where the stop is immediately followed by a vowel so that the voicing lag – be it long or short – can
be realised and perceived well. The length cue in Swiss German requires
an environment in which the onset of the closure phase can be identified.
Steriade (1997) defines CD as a parameter that is internal to the stop and
which is realised before the release burst and potential onset cues. Thus, the
ideal context to maintain the contrast in Swiss German is a position where
the stop follows a vowel, so that the silent interval of the stop closure is
in maximal contrast to the surrounding sonorant context. In both German
and Swiss German it is essential that the stop is audibly released to make
ACT and CD perceivable.
Hence, the environment in which the stops under investigation will be
presented in the present experiments has to be selected carefully. As already mentioned in chapter 2, the stop contrasts in both languages are best
perceived in intervocalic position. However, passive voicing of the lax stops
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in word-medial (posttonic1 ) position often conceals the fact that German
opposes phonetically voiceless unaspirated and voiceless aspirated stops. In
this position, vocal fold vibration of the surrounding vowels is sometimes
maintained throughout the closure phase of the lax stop. In the same context, tense stops often show a reduced voicing lag compared to word-initial
stops. Consequently, the contrast in word-medial position sometimes appears as a contrast of voiced versus voiceless stops – comparable to the
laryngeal contrast as implemented in the Romance and Slavic languages
– and not as a contrast of voiceless unaspirated versus voiceless aspirated
stops, the contrast displayed in the majority of the Germanic languages.
In word-initial position, the laryngeal contrast is quite distinct since
tense stops are strongly aspirated in this position. In this context, the German contrast of phonetically voiceless unaspirated versus voiceless aspirated
stops is revealed best, without distortions caused by passive voicing. In Swiss
German, on the other hand, it is more problematic to distinguish two stop
categories in absolute initial position. According to Kraehenmann & Lahiri
(2007, 2008), there is an articulatory contrast between long and short stops.
In perception, however, singletons and geminates in phrase-initial position
cannot be distinguished. This is attributed to the fact that, if a stop is
produced out of complete silence, there is no perceptible starting point of
the closure phase. The contrast between singletons and geminates is most
distinct in intersonorant position, with the geminates closure phase being
about thrice as long as that of the singletons (Kraehenmann 2001).
Word- or even phrase-final position is not an appropriate context for a
comparison of the two languages, either. The contrast is maintained in final
position of a word in Swiss German as the stops are audibly released and
the diﬀerences in CD can be perceived. In German, however, the laryngeal
contrast is neutralised to a voiceless unaspirated stop in word-final position
(cf. chapter 2).
Apparently, the only appropriate context to compare the stop contrasts
of German and Swiss German is in phrase-medial word-initial position, that
is, an environment where the stops are preceded by an unstressed vowel
and followed by a stressed vowel (V "V). The preceding vowel guarantees
that the starting point of the closure phase is perceivable. The following
vowel permits the realisation and perception of voicing lags; and since it is
a stressed vowel there will be less passive voicing than in a context where
1

Disyllabic content words, the most common context in which intervocalic stop contrasts have been studied (e.g., Braunschweiler 1997; Kraehenmann 2003), are mostly
trochaic in their foot structure, both in German and in Swiss German. Therefore, wordmedial position is often associated with stops between a stressed and an unstressed vowel.
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the stop follows a stressed vowel. These considerations suggest that the best
context to test the perception of German and Swiss German stops is one
in which the stops are preceded by a schwa and followed by the full vowel
/a/, as they occur in the German phrases Das schönste Paar [tas "Sø:nsth @
"ph a5] ‘the most beautiful couple’ and Die schönste Bar [ti: "Sø:nsth @ "pa5]
‘the most beautiful nightclub’. In this context ([@ "a]), ACT as well as CD
can be measured and perceived easily without strong secondary eﬀects that
might provide additional cues to the distinction, as for example word-medial
passive voicing or eﬀects of the length of a preceding stressed full vowel. As
demonstrated by Braunschweiler (1997), full vowels tend to be longer before
lax stops and shorter when preceding tense stops in German. /@/, which is
always unstressed, is not prone to be aﬀected by length diﬀerences much.
Thus, by choosing /@/, it can be avoided that the preceding vowel provides
a secondary cue to the contrast, in addition to ACT and CD. /a/ is chosen
as the following stressed vowel since it is the least marked, thus the most
neutral vowel in the vowel inventories of both languages under investigation.2
Regarding the stops, exclusively labial stops are selected for investigation.
If present at all, vocal fold vibration is most distinct in labial stops (e.g.,
Mitleb 1981; van Alphen & Smits 2004). Aspiration, by contrast, is weakest
in labial and strongest in dorsal stops (Volaitis & Miller 1992; also cf. section
8.2). By choosing labial stops, a bias in favour of aspiration and against
voicing contrasts is avoided. Apart from that, word-initial /k/ is often
>
realised as aﬀricate [kx] or fricative [G̊] in Swiss German (Kraehenmann 2003;
Fleischer & Schmid 2006). Moreover, coronal stops often are assumed to
show an exceptional phonological behavior due to underspecification (e.g.,
Friedrich et al. 2006; Fikkert 2010).
The present chapter will report on two pilot studies conducted with
adults. The first one (section 5.2) collects ACT and CD values in productions
of precisely the context that will be tested in infants later. The second one
(section 5.3) assesses adults perception of stops with diﬀerent ACT and CD
values in the same context.

2

Note also that Braun (1996) remarks that there are no consistent results in terms of
co-articulatory eﬀects of the tongue height of following vowels across stops in diﬀerent
regions of Germany. She suggests instead that the quality of a following vowel aﬀects
ACT realisation only marginally and that it is less determining than the PoA of the stop.
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Production Study with Adults

The aim of the present production experiment was to determine which ACT
and CD values native speakers of German use in the context where stops
are preceded by schwa and followed by a stressed vowel. Thus, it provides
concrete values of ACT and CD in precisely the context that was selected
for the perception experiments with infants (see chapters 7 and 9). Kraehenmann (2001) conducted a production study, examining the same cues
in Swiss German in a comparable environment, namely in phrase-internal
position, with the stops being preceded by an unstressed vowel and followed
by a stressed vowel. To compare German and Swiss German productions,
Kraehenmann’s (2001) data, and in particular her findings on ACT and
CD in Swiss German pretonic stops will be discussed and compared to the
results of the present production experiment (section 5.2.2).
In addition to German speakers, native speakers of Dutch were asked to
participate in the experiment. Including Dutch speakers allows not only for
a comparison of the German laryngeal contrast to the Swiss German length
contrast, but also to compare the production of a laryngeal contrast in a
Germanic so-called aspiration language (German) to the laryngeal contrast
as it is produced in a Germanic so-called voice language (Dutch).

5.2.1

Method and Stimuli

The experiment used two phrases that contain a sequence of schwa, labial
stop and the stressed vowel /a/, the stop being /p/ in the one phrase and
/b/ in the other one. The labial stop occurs in phrase-medial foot-initial
position. Four adult native speakers of Standard German (aged 27 to 30;
two female) produced each of the German phrases in (1) thrice, yielding
twelve sound sequences for each stop category. Three speakers were born
and raised in the south of Germany, in the state of Baden-Württemberg, the
fourth one came from Berlin in the northeast of Germany but had been living
in Konstanz for several years at the time of recording and his pronunciation
was judged to be unaﬀected by strong dialectal influences. The ACT and
CD measurements (cf. appendix B) also reveal that he did not diﬀer crucially
from the other three speakers. Similarly, four Dutch adults (aged 40 to 60;
two female), all native speakers of ABN (Algemeen Beschaafd Nederlands),
the standard variety of Dutch, produced each of the phrases presented in (2)
thrice. They were from Utrecht and the vicinity, except speaker M1, who
came from Groningen. The ACT and CD measurements (cf. appendix B)
show that his stop productions were similar to those of the others.

5.2 Production Study with Adults
(1)

Stop-initial words embedded in a German phrase
a. Das schönste Paar
[tas "Sø:nsth @ "ph a5]
‘the most beautiful couple’
b. Die schönste Bar
[ti: "Sø:nsth @ "pa5]
‘the most beautiful nightclub’

(2)

Stop-initial words embedded in a Dutch phrase
a. Het mooiste paar
[h@t "mo:Ist@ "paö]
‘the most beautiful couple’
b. De mooiste baar
[d@ "mo:Ist@ "baö]
‘the most beautiful bier/litter’

119

Participants were asked to produce the phrases as naturally as possible and
to pay attention not to fall into a repetitive mode of intonation with dropping pitch in the final phrase. Recordings were made in a quiet room with
a mobile digital recorder (M-Audio Microtrack 24/96) and a Sony microphone (ECM-MS957). The utterances were recorded at a sampling rate of
44,100 Hz and encoded in the .wav-format. From the mobile digital recorder
they were transferred onto a Macintosh computer. Using Praat (Boersma &
Weenink 2007), ACT and CD values were analysed for each utterance. The
measurement points were set as follows. The oﬀset of the preceding schwa,
marked by a sudden drop in amplitude, was taken as the starting point to
determine CD, which ended with the beginning of the release burst, visualised as a sudden increase in amplitude in the waveform. The endpoint of
the closure was simultaneously the starting point to measure ACT. The onset of the following vowel /a/, marked by the onset of periodicity, indicated
the end of ACT (also cf. figures 5.1 to 5.4; p. 121ﬀ.).

5.2.2

Results and Discussion

The results of the production experiment with German and Dutch speakers
are summarised in table 5.1 (ACT) and table 5.2 (CD). For each category
there were 12 tokens in each language. A detailed record of the measurements of the data for the individual speakers is provided in appendix B.
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German
Dutch

UR
/@pa/
/@ba/
/@pa/
/@ba/

ACT
65.58 (14.74)
12.17
(3.64)
17.12
(6.91)
10.67
(4.96)

Prevoicing
absent
absent
absent
present

SR
[@ph a]
[@pa]
[@pa]
[@ba]

Table 5.1: German and Dutch ACT values in ms (and standard deviation)
for labial stops in phrase-medial stressed syllables following [@].

German
Dutch

UR
/@pa/
/@ba/
/@pa/
/@ba/

CD
102.33 (17.97)
93.92 (22.05)
122.00 (13.18)
90.83 (20.45)

SR
[@ph a]
[@pa]
[@pa]
[@ba]

Table 5.2: German and Dutch CD values in ms (and standard deviation) for
labial stops in phrase-medial stressed syllables following [@].

5.2.2.1

Discussion of the German Data

The values obtained for the German speakers substantiate the assumption
that the German stop contrast in phrase-medial word-initial position is a
contrast of voiceless unaspirated versus voiceless aspirated stops. Although
the stops occur in an intervocalic context, they are not produced with passive voicing in most instances. Except for the lax stops in the utterances
of speaker F2, in which the voicing of the preceding vowel continues some
time into the stop’s closure, none of the German productions evinces glottal
pulsing during the closure phase (see figures 5.1 and 5.2).3 Instead, the productions of all four German speakers consistently display long voicing lags
for the tense stops, that is, the tense stops are produced with a considerable
amount of aspiration. This finding is in line with the expectation that in
German, tense stops are aspirated and that aspiration is especially articulate
in foot-initial position. The present production experiment partly confirms
previous findings on the production of German stops (e.g., Braunschweiler
1997; Jessen 1998; Jessen & Ringen 2002; Petrova et al. 2006; see also chap3

Note that in figures 5.1 and 5.2 the pictured length of the preceding and following
vowels is dependent on the clippings, which all have a length of 250 ms. Thus, the pictured
length of the vowel is not indicative as to the actual length of the adjacent vowels.
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ter 2). In foot-initial position, stops with a short voicing lag are opposed to
stops with a long voicing lag in German.

Figure 5.1: Oscillogram of the sequence [@pa] taken from the German phrase
Die schönste Bar ‘the most beautiful bar’ (German speaker M2). CD: 122 ms;
ACT: 18 ms; complete length of pictured sequence: 250 ms.

Figure 5.2: Oscillogram of the sequence [@ph a] taken from the German phrase
Das schönste Paar ‘the most beautiful couple’ (German speaker M2). CD:
121 ms; ACT: 80 ms; complete length of pictured sequence: 250 ms.

None of these studies investigated stops in a linguistic environment directly
comparable to the present context. A comparison of Braunschweiler’s (1997)
data on posttonic stops in intervocalic position with the results of the present
experiment will shed some light on how context may aﬀect ACT and CD
in German stops. With respect to ACT, such a comparison suggests that
the position of the stressed vowel (either preceding or following the stop)
does not influence the realisation of lax stops in German very much. In both
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cases, ACT is approximately 10 ms to 15 ms.4 The values found for lax stops
in word-medial as opposed to word-initial position are nearly identical and
vary within a rather small range.5
Braunschweiler (1997) does not primarily investigate ACT per se. He
is mainly interested in the relation of CD and the length of the vowel preceding the stop (cf. chapter 2). Yet, his findings are in accordance with the
present data, as he reports “many cases where voiced stops were produced
without voicing during closure” and with short voicing lags (Braunschweiler
1997:367).6 Overall, it seems that in German neither lax stops in foot-initial
position nor in posttonic word-medial position necessarily require voicing
during closure as a characteristic of the lax stop category. In combination,
Braunschweiler’s (1997) and the present data provide strong evidence for
the assumption that the German lax stop series is basically voiceless and
that voicing during closure in intervocalic lax stops is – if present at all –
caused by co-articulatory eﬀects such as passive voicing.
In the tense category, context seems to have a stronger influence on the
realisation of the stops. When the stop precedes a stressed vowel, aspiration is stronger than when the stop follows a stressed vowel. Aspiration as
measured in the pretonic context of the present experiment is approximately
15 ms longer than the voicing lag measured by Braunschweiler (1997) and
even approximately 25 ms longer than in the productions analysed by Jessen
& Ringen (2002). As the beginning of a foot is a prominent position, it is
not surprising that stops in this context are produced with particular articulatory clarity. There is no overlap between the ACT values of the two stop
series; instead there is a relatively big gap of 27 ms between the lax stop
with the longest voicing lag (18 ms) and the tense stop with the shortest
voicing lag (45 ms).7 In posttonic medial position, the categories are closer.
4

Jessen & Ringen (2002) report nearly identical ACT values for German lax stops in
word-initial position (13.1 ms) and lax stops in posttonic word-medial position (14.2 ms).
5
Lisker & Abramson (1964) already observed this for lax stops in a variety of languages.
The voiceless unaspirated category seems to be defined rather strictly around 0 ms of ACT.
More variation is found in categories located at higher positive and negative regions of the
laryngeal continuum.
6
Note that Jessen & Ringen (2002) present slightly diﬀerent findings for their six speakers (four from the north, two from the south of Germany). For all productions of footinitial /d/ after /s/ they report exclusively voiceless closures and short voicing lags. In
word-medial intervocalic posttonic position (i.e., in a context like Braunschweiler’s), lax
stops show short voicing lags plus consistent closure voicing in their investigation. As indicated above, such lenition can be attributed to passive voicing, induced by the sonorant
environment.
7
Based on standard deviations, the ACT diﬀerence between the tense and the lax
category in the present experiment is even bigger (35 ms).
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In Braunschweiler’s (1997) data the gap is only 15 ms.8 In Jessen & Ringen’s (2002) study, categories even overlap. The posttonic lax stop with the
longest voicing lag has an ACT of 32 ms while the posttonic tense stop with
the smallest amount of aspiration has an ACT of only 26 ms.
To summarise, in foot-initial position, the German stop contrast is enhanced by intensifying aspiration – and not by enforcing the lax stops, that
is, by using closure voicing. Even though the stops occur in an intersonorant environment, in none of the productions voicing is found in the closure
of stops in foot-initial position (neither in the present experiment nor in
Jessen & Ringen 2002). As the data by Jessen & Ringen (2002) and by
Braunschweiler (1997) show, closure voicing can occur but is not necessarily required in posttonic position. Thus, the ACT values for both the lax
and the tense stops – as measured in the present experiment and also seen
together with the values measured by others in diﬀerent contexts – strongly
support the assumption that German maintains a contrast between lax and
tense stops by means of diﬀerences in ACT.
Regarding CD, the diﬀerences between the categories are less clearcut. The smallest gap (only 8.4 ms) is found in the present production
study where the stops occur in phrase-medial pretonic position. In Braunschweiler’s (1997) investigation, tense stops in word-medial posttonic position are on average 15.5 ms longer than their lax counterparts. He states
that the CD values in his experiment vary significantly for the two categories.
In both contexts, pre- and posttonic, a considerable amount of overlap is
found in the CD values measured for tense and lax stops.9 These insights
further support the assumption that CD is not a primary means to express
the tense/lax contrast in German.
Besides, it can be observed that CD is longer when the stops occur before
and not after a stressed vowel; and this holds for both the tense and the
lax category. This finding might again be related to a clearer pronunciation
at the beginning of a foot. Apart from that, the stops in the V "V context,
particularly those of the lax category, vary over a broader range of the CD
continuum. To provide an overview, the present data and Braunschweiler’s
(1997) data are summed up in table 5.3.10

8

Braunschweiler (1997) does not give the data for individual productions. The values
reported here are computed on the basis of the mean values and standard deviations given
in his paper (cf. Braunschweiler 1997:363).
9
As before, variation in Braunschweiler’s (1997) data is computed on the basis of
standard deviations.
10
Braunschweiler’s (1997) data are averaged over both preceding long and short vowels.
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ACT
CD

V "V
"V V
V "V
"V V

/p/
65.58 (14.74)
50.50 (17.50)
102.33 (17.97)
78.00 (18.50)

/b/
12.17
15.50
93.92
62.50

(3.64)
(8.00)
(22.05)
(16.50)

Table 5.3: ACT and CD values in ms (and standard deviation) in German
pre- and posttonic contexts: Data of the present study (V "V) and of Braunschweiler’s (1997) study ("V V).

5.2.2.2

Discussion of the Dutch Data

The results of the Dutch speakers show that the laryngeal contrasts in the
two tested languages diﬀer (see tables 5.1 and 5.2). Apparently, diﬀerences
in ACT are not a means to make laryngeal distinctions in Dutch stops.
Both tense and lax stops display a short voicing lag. The mean diﬀerence
in ACT between the Dutch stops /p/ and /b/ is only 6.45 ms and the individual results as well as the standard deviations show that there is a lot
of overlap in the ACT values in the production of the two stops. Instead,
the contrast between the two stop categories in Dutch is clearly marked by
the presence and absence of closure voicing. Unlike German, the two Dutch
laryngeal series diﬀer in that the tense stops are produced without glottal
pulsing during closure while there is glottal pulsing in the closure of the
lax stops. The production patterns for Dutch stops are visualised in figures
5.3 and 5.4.11 The waveforms show that the closure phases for voiceless
and voiced stops diﬀer considerably in the Dutch productions. While the
closure period in the voiceless stops exhibits hardly any wave motion, there
is a clearly visible amplitude in the wave of the closure phase of the voiced
stops, indicating vibration of the vocal folds during closure. Such a diﬀerence was not found in the closure phases of the German productions, where
the waveforms of the closure of the /b/- and /p/-productions are more or
less identical, displaying no closure voicing (cf. figures 5.1 and 5.2, p. 121).
In the Dutch productions of tense and lax stops, the diﬀerences in CD
(31.17 ms) are larger than in the German productions (8.41 ms). Tense stops
exhibit a longer closure phase than the lax ones. Thus, CD might also help
to maintain the tense/lax contrast in Dutch, an assumption that is in line
11

Note that the pictured length of the adjacent vowels in figures 5.3 and 5.4 is not
indicative of the actual vowel length in the productions but dependent on the 250 msclippings chosen for illustration.
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Figure 5.3: Oscillogram of the sequence [@ba] taken from the Dutch phrase
De mooiste baar ‘the most beautiful bier’ (Dutch speaker M1). CD: 89 ms;
ACT: 18 ms; complete length of pictured sequence: 250 ms.

Figure 5.4: Oscillogram of the sequence [@pa] taken from the Dutch phrase
Het mooiste paar ‘the most beautiful couple’ (Dutch speaker M1). CD: 102 ms;
ACT: 26 ms; complete length of pictured sequence: 250 ms.

with the findings of Kuijpers (1996), who provides evidence that Dutch
children and adults are able to distinguish two stop series solely on the
basis of diﬀerent CD values (cf. chapter 4). Nevertheless, there is still a
lot of overlap and the consistent presence of closure voicing in the lax stops
suggests that CD is not the sole cue to mark the contrast.
5.2.2.3

Stop Production in German, Dutch and Swiss German

The German and Dutch productions can be compared to the results of a production experiment conducted by Kraehenmann (2001) in which she mea-
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sured ACT and CD of Swiss German stops in a V "V context.12 With
regard to ACT, she finds a short voicing lag for both stop categories with
nearly identical ACT values for singletons and geminates (Kraehenmann
2001:133). Similar ACT values are measured for German lax stops and for
both series of Dutch stops. Closure voicing, a phonetic characteristic that
has proven to be distinctive in Dutch but not in German, does not occur in
Swiss German stop productions either. Both singletons and geminates are
produced without vibration of the vocal folds during the closure phase of
the stops (Kraehenmann 2001, 2003). The distinction between the two stop
categories exclusively rests upon the duration of the closure phase. In the
present context, geminates are more than twice as long as singletons. The
finding that the two stop series have nearly the same ACT values together
with the finding that singletons have a significantly shorter closure phase
than geminates supports the claim that Swiss German stops do not display
a laryngeal contrast. Instead, the relevant phonetic correlate to maintain a
contrast between two categories of stops is CD (see also chapter 2).
Table 5.4 provides an overview of the data of the three languages in
question. Summarising, the production data provide the following insight
for German, Dutch and Swiss German stops in medial pretonic position.
The four speakers from Konstanz make the same stop contrast that is generally claimed for German, namely a contrast of voiceless unaspirated versus
voiceless aspirated stops. Further, the present experiment indicates that CD
diﬀerences are relatively small in German. Obviously, CD is less important
for contrast maintenance. Dutch, a so-called ‘voice-language’, employs different means to realise a contrast. Lax stops are characterised by closure
voicing and there is no aspiration in the tense stops. Thus, Dutch distinguishes prevoiced from voiceless stops. In addition to closure voicing,
CD seems to play a role in diﬀerentiating the two stop categories in this
language. The data by Kraehenmann (2001) show that the Swiss German
contrast is purely quantity-based. In productions of geminates, the closure
phase is approximately twice as long as in productions of singletons. Crucially, the contrast in Swiss German is not a laryngeal contrast. All Swiss
German stops are produced with a short voicing lag.

12

Labial, coronal and dorsal singletons and geminates were produced in the context I
ha . . . nöt gern ‘I don’t like . . . ’. The stressed vowels following the stops were /O, o, U/
(cf. Kraehenmann 2001:135).
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German
Dutch
Swiss German

ACT
tense
lax
65.58 12.17
17.12 10.67
16.3
16.9
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CD
tense
lax
102.33 93.92
122.00 90.83
108.1 47.0

Closure
tense
absent
absent
absent

Voicing
lax
absent
present
absent

Table 5.4: ACT and CD in ms in German, Dutch and Swiss German stops
in a V "V context.

The data of the German and the Swiss German stop productions suggest
that the context [@ "a] is appropriate for comparing the acquisition of stops
in German and Swiss German. Both ACT and CD contrasts can be produced and measured in this particular environment. However, there are two
more aspects to consider with respect to the infant experiments. First and
foremost, it was essential to find out more about adult perception of native
stop contrasts in a V "V context, in order to determine (a) whether adults
are able to use the dominant properties found in production also as cues in
perception of stop contrasts, and (b) where exactly the phoneme boundary
between the two stop series is located in each of the two languages. Secondly, to provide a basis for making predictions for infants’ perception of
ACT and CD contrasts, it was examined if adults were able to perceive the
respective non-native contrasts.
The next section reports on two perception experiments with German,
Swiss German and Dutch adults. The first one addresses the question
whether Germans are able to categorise stops with diﬀerent ACT values.
Since German is a language that uses voicing lag diﬀerences to distinguish
tense and lax stops (an aspiration language), the experiment serves as a test
on Germans’ perception of a native contrast. The results provide a clue as to
where the phoneme boundary is located. The same stops will be presented
to Swiss German and Dutch adults, in order to find out whether they can
distinguish stops on the basis of a cue that is not used contrastively in their
respective mother tongue. The comparison of Dutch and Swiss German listeners’ ability to distinguish non-native ACT contrasts is interesting in view
of the fact that Dutch employs laryngeal properties to contrast tense and
lax stops – though diﬀerent ones than German. Unlike German and Dutch,
Swiss German does not make use of the laryngeal continuum at all.
A second experiment investigates how German and Swiss German adults
perceive labial stops that diﬀer only in CD. The responses of the Swiss
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German listeners will oﬀer an idea of the location of the phoneme boundary
that separates Swiss German singletons and geminates. Apart from that it
will be shown whether Germans are able to rely on CD diﬀerences, which is
a cue that is at most a secondary cue in their native language.

5.3

Perception Study with Adults

The production data presented in the previous section provide more support
for the claims made in chapter 2, namely that ACT is the most important
cue for German listeners to distinguish two categories of stops while CD is
the relevant cue for stop distinction in Swiss German. It is expected that
the cues found to be distinctive in production will also be used in perception
to assign stops to either the tense or the lax category.

5.3.1

Perception of a Native Contrast

In order to be able to select the stimuli for the infant experiment, the exact
ACT and CD values that are adequate to test the perception of German
and Swiss German stop contrasts had to be defined, that is, it had to be
found out where exactly the respective phoneme boundaries are located. In
English, the category boundary that separates tense and lax stops is assumed
to be located at an ACT value of approximately 25 ms (e.g., Abramson &
Lisker 1970). Stops with an ACT of less than 25 ms are categorised as lax
by English listeners. Stops with an ACT longer than 25 ms belong to the
tense category in English. German is assumed to be similar since it also
distinguishes a laryngeal category with a short voicing lag and a category
with a long voicing lag. For Swiss German, the two stop categories are
assumed to be found on a CD continuum. According to Astrid Kraehenmann
(p.c.), the category boundary that separates singletons and geminates is
located at a CD value of approximately 90 ms. Stops with a closure phase
shorter than 90 ms fall into the singleton category. Those that are longer
are classified as geminates.
There is hardly any empirical evidence yet determining the phoneme
boundary values in German and Swiss German, respectively. Apart from
that, most studies on stop contrasts focus on either phrase-initial stops (as,
e.g., Abramson & Lisker’s 1970 study on labial stops in English) or on wordmedial posttonic stops. Willi (1996) examines the Swiss German variety
spoken in the canton of Zurich. He reports that the phoneme boundary between tense and lax posttonic alveolar stops varies between ‘stop durations’
of 95 ms to 235 ms, depending on the length of the preceding vowel (Willi
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1996:189). However, the parameter ‘stop duration’ comprises the whole stop,
including closure, burst and ACT. There are no data on CD alone. By testing adults’ stop categorisation abilities, boundary values will be obtained for
precisely the context of interest in the present study, that is pretonic labial
stops following /@/. German adults will be tested on their categorisation of
labial stops that vary along an ACT continuum in a [@ "a]-context and Swiss
German adults will be tested on how they categorise labial stops that vary
along a CD continuum in the same context.

5.3.2

Perception of a Non-Native Contrast

Apart from testing adults on their categorisation ability when listening to
stops that vary in the primary cue of their mother tongue (ACT in German and CD in Swiss German), adults were also tested on their ability to
distinguish a non-native contrast. German adults were asked to categorise
stops that vary in CD and Swiss German adults were presented with stops
diﬀering in their ACT values.
Infant perception research (e.g., Werker & Tees 1984; Werker & Lalonde
1988; cf. chapter 4) suggests that infants’ perception changes from a universal to a language-specific one in the course of the first year of life. Furthermore, it has been shown that adults often have diﬃculties in distinguishing
non-native speech contrasts (e.g., Werker et al. 1981; Bradlow et al. 1997).
Accordingly, the following predictions can be made with respect to German
and Swiss German adults’ perception of ACT and CD contrasts as nonnative contrasts, respectively. Swiss Germans are expected to be unable to
categorise stops that diﬀer in ACT only, since ACT is not a relevant phonetic
correlate of the Swiss German stop contrast. Germans, on the other hand,
do not use CD as a primary cue to distinguish the German stop categories.
Accordingly, they are expected to fail when presented with stops that vary
in CD only. Recall that the production experiment presented in section 5.2
revealed that there are minimal length diﬀerences in German stops, even
though they are by far less eminent than the ACT diﬀerences. Hence, CD
might be a secondary cue in German. The experiment on adults’ perception
of CD contrasts reported on below will reveal whether CD can be used as
a reliable cue to distinguish two phoneme categories in German when the
main ACT-cue is absent.
The literature on stop contrasts (among many others, e.g., Carney et al.
1977 for English; Pind 1996 for Icelandic) mostly focuses on languages in
which categorical stop contrasts are based on laryngeal properties. Swiss
German, however, is a language in which ACT is not used at all to diﬀer-
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entiate two stop categories. With respect to the perception of non-native
ACT contrasts it might make a diﬀerence whether laryngeal properties are
exploited in the native language (but comprising a diﬀerent range of the
continuum) or whether they do not play a role at all for contrast distinction
in the mother tongue. For this reason, ACT as a non-native cue was tested
not only with Swiss German listeners but also with adults from a diﬀerent
language background, namely adults whose mother tongue is Dutch. Dutch
like German uses a laryngeal distinction to diﬀerentiate two stop categories.
However, Dutch exploits other regions of the voicing continuum to make a
contrast. While German opposes stops with a short voicing lag to stops with
a long voicing lag, Dutch contrasts stops with a voicing lead to stops with
a short voicing lag. Thus, stops that diﬀer only in ACT do not belong to
diﬀerent categories in Dutch; therefore, the test on their perception of ACT
will also be a test on their ability to categorise a non-native contrast.
In summary, the experiment on stops varying along an ACT continuum
will be a test on the categorisation of a native contrast by Germans and of a
non-native contrast by Swiss German and by Dutch listeners. By including
Dutch adults in the experiment, it is possible to compare (a) the perception of ACT by speakers of a voice language (Dutch) to the perception of
the same stops by speakers of an aspiration language (German), and (b)
the perception of ACT as a non-native cue by speakers of a language that
uses laryngeal properties other than voicing lag diﬀerences (Dutch) to the
perception of the same stops by speakers of a language in which laryngeal
properties do not play a role at all (Swiss German).

5.3.3

Categorisation of Stops Diﬀering in ACT

In this experiment, German, Swiss German and Dutch adult listeners were
tested on their ability to categorise labial stops with diﬀering ACT values
ranging from 0 ms to 60 ms. Thus, the set of stimuli had a clear German /p/
at the upper end of the continuum (voiceless aspirated stops) and a clear
German /b/ at the lower end (voiceless unaspirated stops).
5.3.3.1

Method

Participants 20 German adults (aged 20-39; 10 female), 20 Swiss German
adults (aged 17-63; 10 female) and 20 Dutch adults (aged 24-65; 10 female)
participated in the experiment. The German listeners were recruited in
the state of Baden-Württemberg in the south of Germany. At the time of
testing, the Swiss German listeners lived in the canton of Thurgovia in the
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northeast of Switzerland. The Dutch participants came from the central
provinces of Zuid-Holland, Utrecht and Gelderland. No hearing deficiencies are reported. All subjects received a small token of appreciation for
participating in the experiment.
Stimuli The stimulus sounds consisted of a sequence of /@/ followed by a
labial stop followed by the full vowel /a/. With a Sony microphone (ECMMS957) a male native German speaker recorded various instances of [@"ph a]
on a mobile digital recorder (M-Audio Microtrack 24/96), at a sampling rate
of 44,100 Hz. The sounds were encoded in the .wav-format and transferred
to a Macintosh computer. In addition, he recorded several instances of the
phrase das schönste Paar [tas "Sø:nsth @ "ph a5] ‘the most beautiful couple’.
Several native speakers of German confirmed that the phrase sounded natural to them. Of this phrase the [@"ph a]-sequence was isolated (using Praat;
Boersma & Weenink 2007) and compared to the [@"ph a]-items that were spoken in isolation. The comparison revealed that the items were quite similar
with respect to their ACT and CD values: For the [@"ph a]-sequence cut from
the phrase, ACT was approximately 75 ms and CD was around 90 ms. For
the [@"ph a]-sequence spoken in isolation, ACT was also around 75 ms and CD
was approximately 105 ms. Finally, one of the items spoken in isolation was
selected for further use since it had the most regular sound wave throughout
the utterance.
The selected item was used to create the test stimuli by manipulating
ACT. The measurement marks were set at the burst of the stop and before the beginning of the regular pulsing of the following vowel. In order
to obtain stops with diﬀerent voicing lags, ACT was shortened from the
end of the ACT period, by cutting out appropriate pieces to arrive at the
designated values. In this manner, ten stimuli with the following ACT values were created: 60 ms, 50 ms, 40 ms, 30 ms, 25 ms, 20 ms, 15 ms, 10 ms,
5 ms, and 0 ms. As an example, figures 5.5 and 5.6 show the oscillograms of
a manipulated stimulus with short and long ACT, respectively. The steps
between the items with lower ACT values on the continuum were reduced
from 10 ms to 5 ms in order to balance the number of items assumed to be
perceived as /b/ and /p/, respectively, since the German phoneme boundary
presumably resembles the English one (at an ACT value of approximately
25 ms). CD was not manipulated. It was kept constant at 105 ms for the
ten test items.
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Figure 5.5: Oscillogram of the manipulated stimulus /@/ + labial stop + /a/.
ACT: 5 ms; CD: 105 ms; complete length of pictured sequence: 400 ms.

Figure 5.6: Oscillogram of the manipulated stimulus /@/ + labial stop + /a/.
ACT: 60 ms; CD: 105 ms; complete length of pictured sequence: 400 ms.

Procedure The test procedure was a two-way forced choice categorisation
task. Each of the ten test items was presented twice in a randomised order
so that every subject heard and judged 20 instances of the sequence /@/
plus labial stop plus /a/. The inter-stimulus-interval (ISI) was 3 s. To avoid
order eﬀects, two diﬀerently randomised lists were created. Subjects were
tested individually in a quiet room. The sounds were presented from a
MacBook Pro computer (Mac OS X 10.4.8, 2 GHz intel Core Duo, .wav-file
played in Praat) through closed-eared headphones (Beyerdynamic DT 770)
at a comfortable intensity. For each stimulus item the German and the Swiss
German participants decided whether they heard a sound which corresponds
to written <p> (i.e., a tense labial stop for German or a geminate labial
stop for Swiss German) or a sound spelled as <b> in their native language
(i.e., a lax stop for German and a singleton stop for Swiss German). They
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marked their choice by circling the letter <p> or <b>, respectively, on
a one-page form they had in front of them. Dutch listeners were asked
whether the sound sequence they heard was part of the utterance de mooiste
baar ‘the most beautiful bier/litter’ or of the utterance het mooiste paar
‘the most beautiful couple’. On the response sheet, they circled one of the
words baar or paar for every stimulus they heard.13 The experiment lasted
approximately two minutes.
5.3.3.2

Results and Discussion

The pooled categorisation curves for the three groups of participants are
presented in figure 5.7.14 The curves for the German and Swiss German
responses are nearly identical. Both curves show a clear s-shape, which
indicates categorical perception. Items with an ACT of 15 ms and less were
mostly perceived as <b> by German and Swiss German listeners. Items
with a voicing lag of 20 ms or more were predominantly categorised as <p>.
From these data it can be inferred that the boundary that separates the two
stop categories in German is located between 15 ms and 20 ms in the present
context, that is, after an unstressed and before a stressed vowel.15 This
finding confirms both the results of the production experiment reported in
section 5.2 and the assertions found in the literature; phonetically speaking,
the German laryngeal stop contrast is based on the opposition of a short
voicing lag to a long voicing lag, in production as well as in perception, where
listeners are able to use this cue in categorising stops. As mentioned before,
the ‘crossover point’ reported in the literature for phrase-initial stops is
25 ms in English, which is assumed to be similar in German. In the present
experiment, the boundary is found to be located at a lower ACT value
for phrase-medial foot-initial labial stops. Since no data on the German
phoneme boundary for phrase-initial stops are available, it remains open
13
Astrid Kraehenmann (p.c.) recommended this slight alteration in the procedure to
make listening ‘more natural’. According to her, subjects might not be used to monitoring
single speech sounds. Monitoring for word fragments would facilitate the task and lead
to more reliable results. Even though no facilitation eﬀect was observed in the results,
this variant of the procedure was also used in the perception experiments on CD contrasts
(section 5.3.4) and in the experiments conducted with parents (cf. chapters 8 and 9).
14
For the graph, the response values at the ACT values 35, 45 and 55 ms are computed
as the average of the preceding and following value, respectively.
15
Recall that phoneme boundaries might shift slightly, for example, depending on the
presented range of the continuum or due to trading relations with other cues (e.g., Lisker
et al. 1977; Aslin et al. 1981; Cohen 1992). The present values are useful boundary
indicators but they should not be considered as unchangeable threshold values independent
of context. The same caveat is valid for the experiment on CD perception (section 5.3.4).
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whether the diﬀerence is due to a language-specific phenomenon or to the
phonological context.

Figure 5.7: Pooled categorisation curves of German, Swiss German and Dutch
adults’ perception of ACT contrasts.

The Swiss German data are similar to the results obtained for German listeners. The s-shaped curve indicates that they are able to use ACT as a cue
for categorical perception. The transition from the lax to the tense category is slightly less clear-cut in Swiss Germans’ perception than in Germans’
perception. An ACT of 15 ms seems to be ambiguous for Swiss Germans
whereas it is mostly assigned to the lax category in German. Yet, it was
not expected that Swiss Germans would succeed in using ACT as a cue to
categorical perception.
In Swiss German, ACT is not a relevant means to mark a stop contrast
in production. Kraehenmann (2001, 2003) has shown that the ACT values
are nearly identical for the two Swiss German stop categories and that the
sole distinguishing factor is CD. Given the finding that adults often have
diﬃculties in discriminating non-native speech contrasts, it was expected
that they do not use ACT to perceptually distinguish tense and lax stops.
Furthermore, research on first language acquisition suggests that infants are
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great detectors of small ACT diﬀerences (e.g., Eimas et al. 1971; Aslin et al.
1981) and that these ACT discrimination skills are lost at around one year
of age if the contrasts are not phonemic in the mother tongue (Werker et al.
1981, Werker & Tees 1984). Apparently, the ACT cue in stops is subject
to phonemic relevance in older children and adults. The present finding
seemingly contradicts this assumption. A possible explanation for Swiss
Germans’ unexpected perception skills in the present experiment may be
that in childhood they have ‘relearned’ to listen for ACT diﬀerences. Even
in regions of Switzerland that are not close to the German border, people
are regularly exposed to Standard German, especially via the media. One
could speculate that Swiss Germans learn that there is another contrast in
stops, based on ACT values and that this is a kind of passive knowledge in
the Swiss German mental lexicon: Swiss Germans learn to be sensitive to
ACT in perception, but it is not actively employed in production of their
native language.16
An alternative explanation pertains to the fact that Swiss German does
not have a laryngeal contrast at all. Laryngeal properties are in no way
involved in making phonological stop contrasts. Consequently, the presumably innate short lag/long lag boundary (cf. chapter 4) has not to be shifted
to a diﬀerent configuration (as is the case in Dutch) when learning native
phoneme categories. Hence, it could be hypothesised that it remains intact
for perception, leading to successful ACT categorisation in Swiss German
adults. The experiments on Swiss German infants’ perception of an ACT
contrast will shed more light on the issue (see chapter 9).
With Dutch participants, listeners of a voice language were included in
the task. As can be seen in figure 5.7, their response curve deviates considerably from the curves of the German and the Swiss German listeners at
ACT values of 15 ms and less. The Dutch listeners categorised nearly all
test items as tense /p/. Even for stimuli with an ACT value of 0 ms, 70%
of the responses were /p/-responses. This finding supports the result of
the production task (cf. section 5.2) and other investigations (e.g., Lisker &
Abramson 1964). Aspiration is not a phonetic correlate of the Dutch laryngeal contrast in production and accordingly aspiration does not function as
a perceptual cue to make a contrast for Dutch listeners. On the basis of the
present pilot study it is not possible to ultimately determine the factor that
16
It might be interesting for future research to compare Swiss Germans’ productions
when they speak Swiss German to their productions when they speak German. Although
there are no laryngeal diﬀerences between tense and lax stops when Swiss Germans speak
their native language, it might be the case that they produce stops diﬀerently in the
foreign variety.
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led to the present perception pattern. A possible explanation is the lack of
a voicing lead in any of the stimuli. Closure voicing was found to consistently characterise Dutch lax /b/ in production (cf. section 5.2). Although
the production data suggest that a CD of 105 ms is an ambiguous value,
acceptable for both tense and lax stops in Dutch (cf. table 5.2, p. 120), the
predominant perception of tense /p/ might also be biased by the relatively
long closure phase.17 Yet, in view of the production data, it seems to be
more likely that Dutch listeners’ inability to categorise stops that diﬀer only
with regard to the amount of their voicing lag is due to the absence of the
closure voicing cue.
The Dutch results exhibit a diﬀerent pattern of non-native stop contrast
perception compared to the Swiss German data. Although neither of the two
languages employs ACT to contrast tense and lax stops in production, Swiss
Germans are able to use the cue in perception but Dutch listeners fail to do
so. Regarding the Swiss German data it was argued that the sensitivity to
the short lag/long lag boundary is either relearned due to regular contact
to the aspiration language German or maintained from birth since there
is no need to exploit the laryngeal ‘repertoire’ otherwise. Although the
findings for the Dutch listeners do not provide direct support for the latter
hypothesis, they are not contradictory either. The data might suggest that
in terms of ACT contrasts, the perception of adults whose mother tongue
is a voice language is diﬀerent from the perception of adults whose native
language does not make use of laryngeal contrasts at all.
Summarising, the present data confirm that the German stop distinction can be made on the basis of diﬀerent ACT values alone; the German
ACT boundary for labial stops in a V "V context is located between 15 ms
and 20 ms. Contrary to the predictions, Swiss Germans are able to use the
non-native ACT cue to distinguish two classes of stops; they display nearly
the same categorisation pattern as Germans. Furthermore, the results show
that ACT diﬀerences are not a strong cue for Dutch listeners. Where Germans and Swiss Germans clearly distinguish two classes of phonemes, Dutch
listeners categorise most test items as belonging to the tense category.

17

Kuijpers (1996) reports an average CD of 71.5 ms as the ‘crossover point’ in Dutch
adults’ categorisation of labial stops in a "V V context. In her experiment, stops with a
shorter closure are perceived as /b/, those with a longer closure are mostly categorised as
/p/ by Dutch adults.
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Categorisation of Stops Diﬀering in CD

German and Swiss German adults were also tested on their perception of
pretonic labial stops following /@/ varying in CD. A stop with a closure
phase of 35 ms, a clear singleton in Swiss German, was used to represent the
lower end of the continuum. For the upper end of the continuum a clear
geminate with a CD value of 170 ms was chosen.
5.3.4.1

Method

Participants 20 German adults (aged 15-55; 10 female) and 20 Swiss
German adults (aged 16-52; 10 female) participated in the task. Again,
the German listeners were recruited in the state of Baden-Württemberg
in the south of Germany. The Swiss German listeners live in the canton
of Thurgovia. No hearing deficiencies were reported. All subjects were
appropriately rewarded for their participation.
Stimuli As in the previous experiment, the stimulus sounds consisted of a
sequence of /@/ plus labial stop plus /a/ with stress on the second syllable.
In this experiment, CD was manipulated and ACT was kept constant. To
create the stimuli the item of the ACT-categorisation task with an ACT of
15 ms was used.18 The CD of this item, originally 105 ms, was manipulated
with Praat (Boersma & Weenink 2007), generating ten stimuli with the
following CD values: 35 ms, 50 ms, 65 ms, 80 ms, 95 ms, 110 ms, 125 ms,
140 ms, 155 ms, 170 ms. For the items with a CD shorter than 105 ms the
required amount of CD was cut from the middle of the original CD, making
sure that neither the burst nor the oﬀset of the preceding vowel was violated.
The stimuli with CDs longer than 105 ms were manipulated by copying an
appropriate amount of the middle of the closure and then pasting it adjacent
to the copied section. The oscillograms for the shortest and the longest item
are displayed in figures 5.8 and 5.9.
Procedure Again, two randomised lists were compiled, each containing
each stimulus twice so that each list comprised 20 items to categorise. The
ISI was 3 s. The method as well as the technical equipment were identical
to the method and equipment used in the ACT-categorisation task.
18

15 ms is an adequate ACT value for Swiss German stops, as Kraehenmann (2001)
demonstrates. In her production study, stops in word-medial position had mean ACT
values of 15.1 ms (geminates) and 15.6 ms (singletons). Intervocalic phrase-internal wordinitial stops had mean ACT values of 16.3 ms (geminates) and 16.9 ms (singletons).

138

5 Pilot Tests with Adults

Figure 5.8: Oscillogram of the manipulated stimulus /@/ + labial stop + /a/.
ACT: 15 ms; CD: 35 ms; complete length of pictured sequence: 400 ms.

Figure 5.9: Oscillogram of the manipulated stimulus /@/ + labial stop + /a/.
ACT: 15 ms; CD: 170 ms; complete length of pictured sequence: 400 ms.

5.3.4.2

Results and Discussion

The pooled categorisation curves in figure 5.10 demonstrate that German
and Swiss German adults exhibit dissimilar perception patterns when it
comes to categorising stops that vary in CD only. The Swiss German categorisation curve shows a clear change from few <p>-responses at the lower
end of the CD continuum to nearly 100% <p>-responses at the upper end.
Even though the s-shape is not as sharp as in the ACT-categorisation task,
the curve clearly suggests categorical perception. The CD boundary that
distinguishes singleton and geminate labial stops in a V "V context is located
between 80 ms and 125 ms. Stops with a closure phase of 80 ms and less are
most often categorised as singletons. When CD is 125 ms or longer, stops
are mostly perceived as geminates. The results provide more evidence for
the claim that Swiss Germans do not need any other cues apart from CD in
order to distinguish two classes of stops.
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Figure 5.10: Pooled categorisation curves of German and Swiss German
adults’ perception of CD contrasts.

The German curve reveals a rather continuous increment of /p/-perception
with increasing CD values, suggesting that there is only a tendency to categorise stops with a long CD as /p/ and stops with a short CD as /b/. No
s-shape can be recognised. Thus, the present experiment shows that CD
is not suﬃcient as a cue for Germans to distinguish two classes of stops
when ACT is kept constant at 15 ms. Yet, CD does not seem to be ignored
completely. ACT was 15 ms for all stimuli in the present experiment. In
the ACT experiment (section 5.3.3), German /p/-responses for 15 ms-items
reached a level of 25%, that is, 75% of the labial stops with an ACT of 15 ms
were categorised as /b/. If Germans relied exclusively on ACT and ignored
the CD cue completely, the /p/-response level should have been about 25%
for all stimuli irrespective of their length. However, the upward tendency
of the German curve seems to indicate that CD has a slight eﬀect on stop
distinction by Germans. Thus, the perception data fit into the scheme that
was found in production. There is a tendency to produce tense stops with a
longer closure phase than lax stops, but based on CD diﬀerences alone the
two stop categories cannot be told apart in perception.
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In sum, the present experiment shows that CD is suﬃcient as a cue for
categorical stop discrimination for Swiss German adults. The CD boundary
that distinguishes singleton and geminate stops is located between 80 ms
and 125 ms. German listeners are not able to discriminate two classes of
stops when the only cue to rely on is CD.

5.4

General Discussion of the Pilot Tests

First of all, the pilot studies on adults’ production and perception show
that the general assumptions in the literature on German and Swiss German
stop contrasts can be adopted for people living in Konstanz, Germany and
Kreuzlingen, Switzerland and in the environment of the two cities where the
participants of the infant studies come from. The German contrast opposes
voiceless unaspirated and voiceless aspirated stops and ACT is a strong
cue to keep the two categories apart in perception. The contrast in Swiss
German is maintained by length diﬀerences and Swiss Germans are able to
use CD as a cue for categorical perception.
With respect to the perception of non-native stop contrasts it was shown
that German adults are not able to reliably distinguish labial stops that diﬀer
in CD only. This finding is in line with the general assumption that adults
have diﬃculties in distinguishing non-native speech contrasts. The ACT
contrast as a non-native contrast led to two diﬀerent perception patterns.
Conform to the expectation, Dutch adults, speakers of a voice language,
failed to categorise the stops with diﬀerent voicing lags. Unexpectedly, Swiss
Germans, whose mother tongue does not have any laryngeal stop contrasts at
all, had no problems in distinguishing stops varying in ACT. They displayed
nearly the same perception pattern as Germans, for whom aspiration is a
native cue. The issue and the implications of the present findings for infant
speech perception will be taken up again in chapter 9.
On the basis of adults’ categorisation of native stop contrasts, the values
for the infant stimuli were selected. For both contrasts, stops were supposed
to represent a member of each category. In order to test infants’ perception of a laryngeal contrast, a labial stop with an ACT of 15 ms was chosen
to represent the voiceless unaspirated category. For the voiceless aspirated
category, an ACT value of 35 ms was selected. The voicing lag diﬀerence of
20 ms between these two stops was chosen on purpose, following the tests
conducted by Eimas et al. (1971), who showed that 1- and 4-month-old English infants are able to discriminate ACT contrasts as small as 20 ms. The
length contrast in the infant experiments consisted of a singleton with a CD
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of 80 ms and a geminate with a CD of 120 ms. These values were selected
since – in analogy to the ACT contrast – the aim was to keep the diﬀerence
between the two stops relatively small and, at the same time, guarantee that
the phoneme boundary falls in between the two values. These requirements
are met with the above-mentioned values. An additional advantage in selecting those values is that the CD value of the singleton (80 ms) could be
used for both German stops as well. Similarly, the ACT value of the voiceless unaspirated German stop is a realistic ACT value for both singletons
and geminates in Swiss German. The values as selected for the infant tests
are listed in table 5.5.

ACT
CD

Laryngeal
35
80
[ph ]

Contrast
15
80
[p]

Length Contrast
15
15
80
120
[p]
[p:]

Table 5.5: Selection of ACT and CD values (in ms) for the infant stimuli
(based on pilot perception test results).

Regarding stimulus selection, a potential caveat shall be dispelled. With
regard to figure 5.10 (p. 139) one could argue that a labial stop with an
ACT value of 15 ms and a CD value of 80 ms is not an unambiguously lax
stop for speakers of Standard German. After all, 42.5% of the German
listeners assigned the stimulus to the tense stop category in the perception
test with stops varying in CD.
Furthermore, the 15 ms-stop in the first pilot perception test on categorisation of stops diﬀering in ACT with a constant CD of 105 ms was classified
as belonging to the lax category by 75% of the German adults. In the
perception test on categorisation of CD diﬀerences with constant ACT at
15 ms, however, stimuli with a CD of 95 ms and of 110 ms lead to a tensecategorisation by 60% of the German listeners. A stop with a CD of 105 ms
would be expected to yield similar ratings in a test where CD is the varying
phonetic parameter.
At first sight, the data of the two pilot perception tests seem to be incompatible. However, it is assumed that the apparently discrepant findings
are due to the diﬀerent tasks participants had to perform. While German
listeners could rely on their native laryngeal categories in the ACT perception test, they had no familiar – at least no primary native – cue to cling
to in the CD test. Instead, they had to assign categories in a more or less
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random manner. Yet, as the ACT-test shows, labial stops with an ACT
of 15 ms are clearly perceived as lax stops as long as the listeners are not
made uncertain by the absence of the primary native cue. Apparently, the
‘ACT confusion’ in the CD perception task can be attributed to the experimental design and arose of the fact that the native cue is not available for
distinctions. A small additional perception task with a reduced number of
participants was conducted to make sure that the ACT perception curves as
yielded by the first pilot perception study are not heavily dependent on the
specific CD value (105 ms in that case), but that stops with a CD of 80 ms
and an ACT of 15 ms are also perceived as belonging to the lax category
in German. For this purpose, the same task as in the ACT perception test
was conducted again, yet all stops had a constant CD value of 80 ms. As
expected, the results yielded perception curves virtually identical to those of
the first ACT perception test (cf. figure 5.7, p. 134). The details regarding
this additional test as well as the pooled identification curves are provided
in appendix C.
Finally, it should be mentioned that the studies reported in the current
chapter are pilot studies which were designed to obtain a rough idea of the
production and perception of stops in the area of Konstanz and Kreuzlingen
and in precisely that linguistic context ([@ "a]) in which the stops were presented to the infants. The results are useful for orientation but they do not
provide statistically reliable data. For a solid production study, more subjects, more repetitions and more contexts would be required. With respect to
the perception experiments, also more repetitions of the single items would
be needed, so that an individual phoneme boundary could be determined for
each subject and to permit a statistical evaluation. Furthermore, for a complete perception study, an ABX discrimination task should be conducted,
to define the location of the phoneme boundary more exactly. Nonetheless,
further experiments with German and Swiss German adults (see chapter 8
and section 9.2) provide more substantiation for the assumptions derived
from the present pilot studies.

Chapter 6

Assessing Infant Speech
Perception with the Switch
Procedure
The primary aim of the present thesis is to investigate how laryngeal and
length contrasts in stops are perceived by infants. As mentioned before, the
present thesis is not so much concerned with lexical phonological acquisition.
It rather focuses on speech sound discrimination on a phonetic basis. No
word-learning skills are required in the perception experiments with infants
presented in the current chapter and in chapters 7 and 9. The method chosen
to assess infants’ speech perception skills in the present thesis is a simplified
variant of the Switch Procedure, with a checkerboard pattern as a visual
stimulus (see section 6.2.1 below and appendix A). As explained in section
4.5, the checkerboard variant of the Switch Procedure changes the original
word-learning task to a pure discrimination task, which is assumed to tap
only phonetic knowledge and not a deeper phonological level. There are
several reasons for selecting precisely that method, which will be outlined
briefly in the following section.

6.1

Arguments for the Switch Procedure

First of all, the Switch Procedure, or rather, the checkerboard-variant of
the Switch Procedure, is an appropriate method to test infants’ contrast
discrimination skills without requiring phonological knowledge. Moreover –
and importantly – the method is applicable to subjects of a broad age range.
For the very similar VF procedure, Johnson (2006) suggests that infants as
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young as 3 months of age can participate in the task as well as toddlers up
to the age of 18 months. Werker et al. (1998b) report that even 6-week-old
infants can show reliable results with this method. The studies by Werker
et al. (2002) and Burns et al. (2003, 2007) apply the procedure with children as old as 21 months. The broad age range allows to compare behaviour
in exactly the same test in infants at diﬀerent points of development and
avoids complications in the interpretation of the data due to methodological
diﬀerences. Since the method does not make use of direct experimenterchild interaction (unlike, e.g., the CHTP), the experiment is identical for all
participants and the probability that the data are aﬀected by experimenter
bias are minimised. A further aspect in favour of the Switch Procedure is its
comparatively simple technical and organisational set-up. One experimenter
is suﬃcient to run a test session as opposed to the CHTP, for instance, for
which two experimenters are needed. Furthermore, the apparatus consists
of a TV screen, speakers, a camera and a computer and is independent of expensive special equipment, as used in EEG- or eye-tracking-experiments, for
example. Additionally, data evaluation is comparatively less intricate than
in experiments based on ERPs, sucking amplitude, eye-tracking and heart
rate. Also the infant stays with a parent throughout the test, assuring that
(s)he feels comfortable in the unfamiliar laboratory situation. Apart from
these practical reasons, the Switch Procedure is a well-established method
in infant speech perception research, which has been probed and refined by
many colleagues in the last decades. Furthermore – and crucially, using
the Switch Procedure allows to directly compare the outcome of the experiments conducted in the present study to the data gathered by many other
researchers in the field of infant speech perception, who employed the same
method (e.g., Stager & Werker 1997; Narayan et al. 2010; Fikkert 2010).
A less preferable aspect of the method is the fact that it is based on a
between-subjects design. The procedure does not permit to draw inferences
about individual infants’ discrimination skills. The data become meaningful
only with regard to a whole group of subjects. Moreover, it is in the nature
of habituation paradigms that participants might get bored after attending
to the same stimuli for some time. Therefore, it is likely that several infants
will have to be excluded from the final analysis for becoming fussy.
At the University of Konstanz, no experiments employing the Switch
Procedure were conducted before the present investigation. Therefore, the
current chapter presents a control test which ensured that the method in
general works at the Baby Speech Laboratory in Konstanz. Thus, before presenting the main experiment on infants’ perception of laryngeal and length
contrasts, the findings of the control test and some methodological implica-
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tions will be discussed here. After introducing the method and procedure
applied in the infant tests, section 6.2 presents the results of the infant control test (Experiment 1). Section 6.3 deals with some methodological issues
and introduces a new perspective on data collected with help of the Switch
Procedure. Subsequently, this new perspective will be applied to the data
gathered in Experiment 1, resulting in two additional analyses (section 6.4).
Finally, section 6.5 closes the present chapter with a summary and some
concluding remarks. Infants’ sensitivity to laryngeal and length contrasts in
stops will be addressed in chapters 7 and 9.

6.2

Experiment 1: Testing the Switch Procedure

As became clear above, the Switch Procedure is a habituation paradigm
applicable to subjects of a broad age range. It is based on the assumption
that, following a habituation phase, subjects will diﬀer in their reactions to
familiar and novel stimuli (‘same’ and ‘switch’ trial, respectively). A preand a posttest control for infants’ general attention to the task (see below
for a more detailed description).
The rationale behind Experiment 1 was to assure the appropriateness
of the paradigm for revealing infants’ speech contrast discrimination skills.
Although the Switch Procedure is an established method in infant speech
perception research (see, e.g., the multitudinous studies by Janet Werker
and her colleagues, in particular Stager & Werker 1997; Werker et al. 1998a;
Pater et al. 2004, but also more recently by others as, e.g., Curtin et al.
2007; Altvater-Mackensen & Fikkert 2010; Fikkert 2010; see also chapter
4), evidence for successful operation at the Baby Speech Laboratory at the
University of Konstanz was desired.
The present thesis is mainly concerned with infants discrimination skills
and aims to avoid increasing task demands by enticing subjects to process auditory stimuli as meaningful signifiers associated to specific objects.
Therefore, a simplified variant of the Switch Procedure with a checkerboard
pattern as visual stimulus was applied (see below and appendix A). Since
developmental aspects were not a crucial issue in the present control experiment, the age range of the participants was confined to 6 to 8 months, a
period in early infancy that is associated with very good perception skills
(see chapter 4). Furthermore, only infants from a German language background participated in the control test. In order to demonstrate that the
Switch Procedure reliably shows infants’ recognition of changes in the speech
signal, a phonetically highly dissimilar contrast was chosen for the control
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test. It was assumed that, if the method – the checkerboard variant of the
Switch Procedure – worked well, 6- to 8-month-old infants should easily
distinguish two very diﬀerent sound sequences.

6.2.1
6.2.1.1

Method
Participants

16 German infants aged 6 to 8 months (mean age 6 months, 28 days; 7
girls) were included in the study. All subjects were without apparent health
problems. At the time of testing, they lived in Konstanz and the vicinity.
A language questionnaire was used to ensure that the infants were exposed
to their mother tongue at least 90% of the time. In addition, seven more
infants were tested. Their data had to be excluded from the analysis because
they started crying (n = 1), they were too fussy (n = 3), did not habituate
(n = 1) or due to experimenter error or equipment failure (n = 2). This
amounts to a drop-out rate of 30.4%. All infants were rewarded for their
participation with either a T-shirt or a bib of the Baby Speech Lab or with
a small toy or a book and parents were reimbursed for parking fees or bus
tickets.
6.2.1.2

Stimuli

Infants were tested on their ability to discriminate the pseudo-words pata
["ph a:th a] and medo ["me:to]. They were spoken by the same speaker who
also recorded the stimuli for the pilot perception tests presented in section
5.3. Using a Sennheiser MD 421 U microphone, 80 productions of pata and
74 productions of medo were recorded as .wav-files onto a portable stereo
audio recorder (TASCAM HD-P2) at a sampling rate of 44,100 Hz. Of each
pseudo-word, seven items were selected. Using Praat (Boersma & Weenink
2007), they were scaled for intensity at a 70 dB level and ordered in a way
that the first pata was similar in its intonation contour to the first medo and
so on. The seven items of the respective pseudo-words were concatenated
with an ISI of 1.5 s and the same amount of silence was put at the beginning
of each trial. The duration of the single medo items was approximately
0.7 s each, the complete medo-trial had a length of 15.6 s. With a duration
of approximately 0.6 s each, the pata items were slightly shorter, resulting
in an overall trial length of 14.5 s. Infants were balanced across conditions
(habituation on medo vs. habituation on pata) and test order (‘same’ before
‘switch’ trial vs. ‘switch’ before ‘same’ trial).
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An additional nonsense VCV-sequence was recorded for the pre- and
posttest. For this purpose, the same speaker who spoke the test stimuli
recorded 80 instances of [i"lo].1 Seven of the [i"lo]-sequences were selected,
which diﬀered in intonation but were similar in voice quality. Each item
was scaled for intensity at a level of 70 dB. A sequence of seven items was
created by concatenating the items with an ISI of 1.5 s and a 1.5 s silent
interval was also added at the beginning of the trial, resulting in a trial
length of approximately 14 s.
As a visual stimulus a black-and-white checkerboard pattern with some
of the originally white squares coloured in blue, red, and yellow was used.
During presentation the coloured squares were changed randomly. This
stimulus was used for the habituation as well as for the test trials. The
visual stimulus for the pre- and posttest was a coloured toy waterwheel
(‘spinner’). On the video, the base of the waterwheel remained stationary
while the wheel rotated clockwise.2 Additionally, a blinking red spot was
used as an attention-getter to focus infants’ gaze to the screen between the
individual trials.
6.2.1.3

Auditory Stimulus Conditions

The contrast to be discriminated was the same for all participants – pata
versus medo. One half of the infants heard pata in the habituation phase
and as ‘same’ trial and medo was presented as ‘switch’ (condition ‘pata’).
For the other half of the subjects medo was the habituation and ‘same’ trial
stimulus and pata functioned as ‘switch’ (condition ‘medo’). A preselected
order was assigned for infants’ participation making sure that male and
female participants were evenly distributed across conditions; also, test order
– ‘same’ trial before ‘switch’ trial (sa/sw), ‘switch’ trial before ‘same’ trial
(sw/sa) – were counterbalanced across subjects.

1

The same pre-/posttest items were intended to be used in the experiments on infants’
sensitivity to laryngeal and length contrasts presented in chapter 7 (Experiment 2) and
in chapter 9 (Experiment 5). Similar to the stimuli used in the pilot perception test with
adults (see section 5.3), the stimuli in Experiments 2 and 5 consisted of the sound sequence
schwa plus labial stop plus /a/. For the pre- and posttest, the sound sequence [i"lo] was
chosen since it diﬀers from the test stimuli in Experiments 2 and 5 in vowel and consonant
quality but has the same iambic stress pattern.
2
Thanks are due to Paula Fikkert, Nicole Altvater-Mackensen and the Baby Research
Center in Nijmegen, who were so kind as to provide a copy of the visual stimuli they
obtained from Janet Werker for their own experiments.
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Equipment and Apparatus

All tests were conducted at the Baby Speech Lab at the University of Konstanz. In a dimly lit sound-attenuated room infants sat on their parents’
laps facing a 120 cm diagonal flat screen monitor (NEC LCD Monitor MultiSync LCD 4610) at a distance of approximately 130 cm, framed by a threesided experimental booth. The audio-stimuli were presented from speakers
(Mackie HR 624, high resolution studio monitors) at the side walls of the
experimental booth, directly to the right and to the left of the screen. Approximately 20 cm below the screen a digital video camera (Panasonic NVGS500) was hidden behind a black cloth revealing only the lens to record
infants’ head- and eye-movements. To prevent parents from hearing the
stimuli and inadvertently influencing the child during the test, parents were
asked to wear closed-eared headphones (Beyerdynamic DT 770) over which
male vocal music was played. The experimenter, who ran the test invisibly
for parent and child from behind the experimental booth, wore identical
headphones with the same music playing during the test, in order to avoid
unintended influence on the control of the experiment. Thus, the experimenter did not know whether the trials played were habituation trials or
test trials. The experiments were run with the Habit X software (Cohen
et al. 2004). The infants’ head- and eye-movements were monitored on the
computer screen behind the experimental booth and were recorded directly
onto a Macintosh computer (Mac Pro, Dual-Core Intel Xeon, Mac OS X,
Version 10.4.10) with the iMovie program. To compute the infant looks
in the Habit program, the experimenter pressed a designated key on the
computer keyboard when the infants looked at the monitor. It was released
as soon as the child turned his/her gaze away from the screen. The video
recordings were used for oﬄine coding afterwards. A schematic depiction of
the laboratory set-up is presented in figure 6.1.
6.2.1.5

Procedure

Prior to the experiment, infants were given some time to accommodate to
the location. In the meantime the experimenter explained the procedure to
the parents. The parents filled in a questionnaire regarding the language
background of the child and signed a consent form, in which the procedure was explained again. Both the consent form and the questionnaire are
attached in appendix G.
As indicated above, infants were tested using a simplified variant of the
Switch Procedure (cf. appendix A). Since the present experiments focus
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Figure 6.1: Schematic depiction of laboratory set-up for experiments using
the Switch Procedure.

on infants’ discrimination abilities and not on their word-learning skills a
checkerboard pattern was used as a visual stimulus instead of an object,
which might be linked to a label (the auditory stimulus) by the older infants
(see Stager & Werker 1997 and chapter 4). The procedure functions as follows. A preset criterion determines when the habituation phase ends. Each
trial begins when the infant fixates on the flashing red spot that serves as
attention-getter and is run until the end of the trial, irrespective of whether
the infant remains attentive for the complete trial duration or not (fixed
trial length as opposed to infant-controlled trial length). On the first trial,
subjects are presented with the pretest stimulus, the sound sequence [i"lo]
paired with the ‘spinner’. During the habituation phase, the checkerboard
pattern is shown and repetitions of only one auditory stimulus are played
to the infant. Looking time is calculated online. When the total looking
time across a four-trial block decreases to the preset criterion (65% of the
first four-trial block), the habituation phase ends. The maximum number
of habituation trials to reach criterion is 28 trials. The habituation phase
is succeeded by two test trials. One trial is a ‘switch’ trial in which the
checkerboard pattern is presented together with a new auditory stimulus.
The other test trial is a ‘same’ trial, that is, the combination of checkerboard and sound stimulus that occurred already in the habituation phase is
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presented once more. It is expected that if infants are sensitive to the sound
contrast, attention should increase during the ‘switch’ trial and be low in
the ‘same’ trial, resulting in longer looking times during the ‘switch’ than
during the ‘same’ trial. If, however, infants fail to recognise the stimulus
change, there should be no significant diﬀerence in looking time for ‘same’
and ‘switch’ trial, respectively. Finally, a posttest trial is presented, identical to the pretest, in which the nonsense label [i"lo] paired with the ‘spinner’
appears again. If infants are still involved in the experiment, their looking
time recovers to near pretest level during this final trial.
The whole experiment lasted approximately 5 to 10 minutes, depending
on how fast infants reached the essential criterial decline in looking time
during the habituation phase. For further analyses, all video recordings were
re-coded oﬄine. Using the software Supercoder (Hollich 2005), a trained
coder determined whether infants did or did not look at the screen for each
single frame (frame rate: 30 frames per second). The looking time data
obtained in this way were entered into statistical analyses (see below).

6.2.2

Results

First, infants’ looking times during pre- and posttest trials were compared.
The pre- and posttest are conducted to ensure that the infants’ attention or
absence of attention during the test trials is caused by the test stimuli and
not by other factors such as fatigue. If the looking times during the posttest
reach a level similar to that of the pretest, it can be assumed that the infant
is still involved in the experiment and that a preceding drop in looking time
during the habituation and test phase is owing to the specific stimuli and
not to a general loss of interest in the test. All 16 subjects showed high
attention during both pre- and posttest. Nonetheless, looking times that
diverged more than two standard deviations from the mean of all subjects
were disregarded, leading to the exclusion of 3 of 32 observations (9.4%).3
Infants’ looking times in the pre- and posttest trials were compared in an
analysis of variance (ANOVA) with residual maximum likelihood (REML)
estimation, performed with the statistical software JMP, Version 5.0.1.2 on
a Macintosh computer. The level of significance is 5%. This model and
3

There are two observations per subject. In this case, it is one for the pretest and one
for the posttest. Since the analysis is based on a between-subjects design and investigated
infants’ behaviour as a group, it was possible to exclude single observations without having
to discard the whole subject data. The model applied (see below) is able to handle such
missing values without problems. Many thanks to Henning Reetz and Mathias Scharinger
for their helpful comments regarding the statistical analysis.
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the 5%-level of significance were applied to all following analyses.4 Looking time was the dependent variable and the factors subject (as random
factor) and test (pretest | posttest) were added as independent variables.
The analysis yielded no main eﬀect. Looking times during pre- and posttest
did not diﬀer significantly [F (1, 12) = 0.09, p > .05, Mpre = 15.50, SD =
0.59, Mpost = 15.43, SD = 0.76], indicating that infants were equally attentive at the beginning and at the end of the session and that they did not
lose interest in the experiment in general. Thus, decreasing attention during
the habituation and the test phase can be attributed to a loss of interest in
the specific (auditory) stimuli.5
A further analysis was conducted to statistically demonstrate that habituation worked successfully, that is, that the looking times dropped significantly during the habituation phase. For this purpose, the mean looking
time of the first four habituation trials was compared to the mean looking
time of the last four habituation trials. 2 of 32 observations (6.3%) were
disregarded in this analysis due to looking times diverging more than two
standard deviations from the group mean looking times to the first and the
last habituation block, respectively. An ANOVA was performed with looking time as the dependent variable and the factors subject (as random
factor) and block (first | last) as independent variables. A main eﬀect
of block [F (1, 13) = 204.43, p < .0001, Mf irst = 13.30, SD = 1.73, Mlast =
7.11, SD = 1.01] confirmed that looking times decreased significantly during
the habituation phase, indicating successful habituation.
The main analysis addressed infants’ looking behaviour during the test
trials in order to reveal whether infants succeeded in discriminating the
contrast in the auditory stimuli. No outliers had to be excluded for this
analysis since none of the observations exceeded ±2 standard deviations of
the mean looking times. Looking time was the dependent variable and the
factors subject (as random factor), condition (pata | medo), trial (same
| switch) and test order (sa/sw | sw/sa) were entered in an ANOVA as
well as the following interactions:6
4

p-values ≤ .05 are indicated by one asterisk (∗), two asterisks are assigned to p-values
≤ .01 (∗∗) and three asterisks indicate p-values ≤ .001 (∗∗∗).
5
Above, the trial length of the pre- and posttest was indicated to be 14 s while the
actually measured looking times exceed 15 s. The Habit X software (Cohen et al. 2004)
does not allow to set maximum trial length individually for each trial type. Since the medosequence had a length of 15.6 s, the maximal trial length was set to 16 s. This implies that
the checkerboard pattern remains on the screen for a short time after the audio-signal
stopped. Therefore infants’ looking times may exceed the auditory trial length.
6
Such a model specification, which includes all possible interactions except crossings
with the random factor subject, will be referred to as ‘full-factorial’ below.
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• condition × trial
• condition × test order
• trial × test order
• condition × trial × test order.

There was a main eﬀect of trial [F (1, 9) = 5.49, p < .05, Mswitch =
10.61, SD = 3.95, Msame = 8.00, SD = 4.21]. Infants looked significantly
longer to the ‘switch’ than to the ‘same’ trial, suggesting that the German
6- to 8-month-olds were able to distinguish pata from medo. There were
no other main eﬀects and no interactions. Figure 6.2 provides a graph of
infants’ looking times during ‘switch’ and ‘same’ trials.

Figure 6.2: German 6- to 8-month-olds’ looking behaviour in Experiment 1
(pata vs. medo).

6.2.3

Discussion

The results of Experiment 1 confirm the expectation that infants easily
discriminate a linguistic contrast when the stimuli are phonetically very
dissimilar. After having decreased in the habituation phase, attention reascended significantly during the ‘switch’ but not during the ‘same’ trial,
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indicating that German 6- to 8-month-olds succeeded in discriminating the
pseudo-words pata and medo. Additionally, these results demonstrate that
the Switch Procedure – and in particular the common way of analysing the
data by comparing attention during ‘switch’ and ‘same’ trials – works well
with highly contrastive auditory stimuli.7 Nonetheless it was considered
worthwhile to take a closer look at the results, which finally led to two new
ways of analysing the data. The next section will outline the new perspective
as well as the reasoning that preceded it.

6.3

Methodological Remarks

Although the results gathered in Experiment 1 confirmed the expectation
that the Switch Procedure reveals infants’ ability to discriminate the highly
dissimilar non-words pata and medo, the data were inspected in more detail.
As described above, the Switch Procedure consists of a habituation phase
and two test trials (T1 and T2, one of which is the ‘same’ trial and the other
one is the ‘switch’ trial) and infants’ attention during these trials is compared
(see section 6.2.1.5).8 The test trials usually diﬀer in their presentation
order: One half of the subjects hears the ‘same’ before the ‘switch’ trial, the
other half is first presented the ‘switch’ trial and then the ‘same’ trial. The
guiding idea for the additional scrutiny of the data was that the task infants
have to accomplish slightly diﬀers depending on test order.
Despite the absence of a test order eﬀect in the present results, such
an eﬀect was found in previous studies. Curtin et al. (2007) tested 13-monthold Canadian English infants on their ability to distinguish the non-words
deet [dit] and dit [dIt] in a word-learning task performed with the Switch
Procedure. The overall results suggested that the 13-month-olds failed to
notice the change in the vowel. But a closer look revealed that infants’
looking behaviour was contingent on test order. Infants who heard the
‘same’ before the ‘switch’ trial looked significantly longer to the ‘switch’
than to the ‘same’ trial, suggesting that they were sensitive to the vowel
contrast. The other half of the subjects, however, who were presented first
the ‘switch’ and then the ‘same’ trial displayed nearly equally long looking
times to both test trials. The authors concluded that those infants, too, may
have noticed the auditory change but that their looking times to the ‘same’
7
A similar conclusion was put forward by Stager & Werker (1997), who reported that
14-month-old Canadian English infants succeeded in discriminating the nonsense words
lif [lIf] and neem [ni:m] but not the non-word pair bih [bI] versus dih [dI] in a variant of
the Switch Procedure with one visual stimulus only (Experiments 2 and 3).
8
The pre- and the posttest do not play a role in the following considerations.
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trial remained high due to a carry-over eﬀect, that is, their attention to the
new signal did not decrease fast enough to be significantly lower during the
‘same’ trial than during the preceding ‘switch’ trial.
This idea may be carried further by considering that the Switch Procedure with its two test trials and, accordingly, with two test orders is not only
prone to inducing carry-over eﬀects in the sw/sa test order, but that the two
test orders actually are two diﬀerent tasks. When the test order is ‘same’
before ‘switch’, infants are presented one shift in the stimulus material. To
put it diﬀerently, for infants tested in the sa/sw order, the ‘same’ trial is like
an additional habituation trial; after the habituation phase, the decrease in
attention is assumed to continue during the ‘same’ trial. When the order
is reversed, however, and infants hear the ‘switch’ before the ‘same’ trial,
there are actually two changes in the stimuli: The new stimulus is presented
directly after the habituation criterion is reached and after the presentation
of the ‘switch’ trial, the auditory signal changes afresh when the stimulus
that was already presented in the habituation phase is played once more.
Curtin et al.’s (2007) findings of similar looking times to ‘same’ and ‘switch’
trials in the sw/sa test order could thus also be explained along these lines,
with infants becoming alert by both auditory changes.
Although the Switch Procedure with its classical way of analysing the
data by comparing the two test trials is an established method in language
acquisition research and has been successful in eliciting valuable insights into
speech sound discrimination and word-learning skills in infants (see chapter
4 and references there), it remains unclear why the experimental design is
based on two test trials rather than on only one. Consider in this respect
that, usually, in a classical habituation paradigm, the subject is exposed to
one kind of stimulus at first. The stimulus triggers a certain reaction (attentive looking, speeded sucking or a lowered heart rate, for example). The
reaction decreases after some time of exposure to that stimulus, that is, the
subject habituates. After successful habituation a diﬀerent kind of stimulus is presented. If this new stimulus re-evokes the reaction, it is assumed
that the stimulus change was recognised (the subject ‘dishabituates’). In
other words, attention just before the stimulus change (‘pre-shift phase’) is
compared to attention after the change (‘post-shift phase’). It should be
emphasised that there is only one change in the stimulus material. Such a
classical habituation procedure has been applied commonly in infant speech
perception research (e.g., in the HAS as applied by Eimas et al. 1971 or in
the heart rate measurements conducted by Lasky et al. 1975). Also, the
VF technique (or ‘visual habituation paradigm’) used, for instance, by Best
et al. (1988), Miller & Eimas (1996) and Burns et al. (2003, 2007) is nearly
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identical to the Switch Procedure except that it follows the classical habituation paradigms in comparing pre- and post-shift attention and not a
‘switch’ and a ‘same’ test trial. (More detailed descriptions of the procedures used in infant speech perception research can be found in appendix A;
see also, e.g., Polka et al. 1995 and Werker et al. 1998b.) As outlined above,
the Switch Procedure works diﬀerently and the advantage of this deviation
from classical habituation paradigms is not clear. Instead, it could be argued that all infants should rather be treated equally, that is, by focusing
on their reaction to the first stimulus change only.

6.3.1

Two New Ways of Analysing the Data

So far, the data of Experiment 1 were examined by what will be called
the ‘main analysis’ henceforth. Looking times during the ‘same’ trial were
compared to those during the ‘switch’ trial for all subjects, that is, for those
infants tested in a sa/sw order as well as for those tested in a sw/sa order.
A schematic depiction of the perspective as suggested by the main analysis
is provided in figure 6.3a.
Although there was no eﬀect of test order, the antecedent considerations suggest that the data obtained in the present Switch experiment may
very well also be analysed with regard to only the first stimulus change. In
this kind of analysis, which will be referred to as ‘re-analysis’ henceforth,
the ‘same’ trial and the ‘switch’ trial of those infants that were tested in
the sa/sw order are compared – identical to the main analysis. For those,
however, who were tested in the sw/sa order, the ‘switch’ was not compared
to the succeeding ‘same’ trial but to the preceding final habituation trial
(HTfin) instead (see figure 6.3b). Thus, all infants were treated as if they
were tested in a sa/sw order, comparing attention in the pre-shift phase to
attention in the post-shift phase – or, to put it diﬀerently, with a classical
habituation paradigm as described above. The diﬀerences between the original test order groups are that for the sw/sa-group the second test trial (i.e.,
the ‘same’) is ignored while for the sa/sw-group the first test trial (also the
‘same’) acts as an additional habituation trial.9 If infants noticed the change
9

Note that all infants are exposed to habituation until they reach the criterial decline
(65% of their mean looking time during the first four habituation trials). Of interest in
this kind of analysis is whether attention increases again after reaching the habituation
criterion. The crucial point is that before the signal changes, those infants who are presented a ‘same’ before the ‘switch’ trial have to listen once more to the same stimulus
they already heard during habituation although they reached criterion already. But since
the final habituation trial is taken as a test trial in the sw/sa order, a comparison of the
mean looking time across a block of the first four habituation trials as opposed to the
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Figure 6.3: Three ways of analysing the data obtained in experiments conducted with the Switch Procedure.

in the speech signal, attention should have increased in the post-shift phase
(i.e., the ‘switch’) compared to the pre-shift phase (i.e., the final habituation/‘same’ trial). If the results of the main analysis (figure 6.3a) reliably
reflect infants’ contrast discrimination skills, the re-analysis (figure 6.3b) is
expected to confirm the perception pattern obtained by analysing the data
in the ‘traditional’ way. Discrimination eﬀects in the re-analysis may be
even stronger than in the main analysis since results are not influenced by
potential carry-over eﬀects or infants’ reactions to a second change in the
stimulus material.
A possible objection to this new way of looking at the Switch data is that,
on the one hand infants are all treated alike by taking only their reactions
mean looking time across a block of the four habituation trials preceding the final habituation trial can be found in appendix D. The comparison provides statistical evidence for
all three infant experiments presented in the present thesis that a significant decline in
looking times is found even if the final habituation trial is excluded from the analysis.
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to the first stimulus change into account, but on the other hand, the subject
groups are unbalanced with regard to the habituation phase, since for those
infants who are tested in a sa/sw test order the ‘same’ trial functions as
an additional habituation trial, which is not the case for infants tested in
the sw/sa order. This objection might be overruled by yet another way of
looking at the data.
This third possibility to analyse the Switch data is in its nature quite
similar to the re-analysis. This approach, which will be referred to as ‘control
analysis’ henceforth, compares the final habituation trial to the first test
trial for all subjects, independent of test order. It has the advantage that
for all infants, the first test trial is really treated as a test trial and not as
a further habituation trial. Thus, the conditions are insofar the same for
all subjects that the test starts directly after they reached the habituation
criterion. This way of looking at the data implies that there are two groups
of infants. For those who were tested in the sw/sa order, the control analysis
is identical to the re-analysis, mimicking the classical habituation paradigm
in its examination of pre- and post-shift behaviour. The other half of the
children, those who were tested in a sa/sw test order, acts as a control
group in this kind of analysis. Comparing the final habituation trial to
the first test trial means, in this case, comparing reactions to two identical
trials, as can be seen in figure 6.3c. This subdivision of subjects into an
experimental and a control group is also found in the classical habituation
paradigms.10 Consequently, in this control analysis, only one half of the
subjects – those tested in the sw/sa order – will give information about
infants’ discrimination skills and can be used to provide more support for
the perception patterns detected in the main analysis.
As indicated above, the advantage of the control analysis is that all subjects receive the same amount of habituation and that the control group
provides a baseline measure to distinguish spontaneous attention recovery
10

The comparison of the two identical trials (the final habituation trial and the first test
trial, which is a ‘same’ trial in the sa/sw order) might be considered as further evidence
for successful habituation when there is no significant increase in attention during the test
trial as opposed to the habituation trial. A significant overall decrease in attention and
thus successful discrimination was already ascertained by statistically comparing infants’
mean looking time during the first four habituation trials to the mean looking time during
the last four habituation trials. Therefore, the additional control in terms of habituation
provided by the control analysis is not indispensable for the present experiment. However,
as Polka et al. (1995:63) point out for the very similar VF paradigm, “the control group
provides a baseline measure of spontaneous recovery in visual fixation” and is thus not
completely superfluous.
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from increased attention triggered by a stimulus change.11 The disadvantage of this way of looking at the present data is that fewer subjects are
available for assessing infants’ discrimination skills, resulting in a reduction
of statistical significance.
With the expectation that the results yielded by the re-analysis and
by the control analysis, respectively, would complement each other, both
new ways of analysing the Switch data were applied below. As already
mentioned, an enhanced eﬀect was expected for the results of the re-analysis
relative to those of the main analysis since carry-over eﬀects and increased
attention to a second stimulus change had no influence on this analysis. The
situation in the control analysis is the same with respect to the absence of
such potential influences. Nonetheless, since fewer subjects provide insights
on infants’ discrimination skills, the eﬀects were expected to be somewhat
weaker than in the re-analysis.
The data obtained in Experiment 1 were re-examined with these two
additional analyses. The following sections present and discuss the results
of the re-analysis (6.4.1) and of the control analysis (6.4.2).

6.4

Additional Analyses for Experiment 1

According to the considerations above, the data collected in Experiment
1 were inspected in a re-analysis (HTfin/‘same’ vs. ‘switch’) and a control
analysis (HTfin vs. T1). It was hypothesised that if these two kinds of ‘new’
analyses were appropriate for the evaluation of the data collected with the
Switch Procedure, the findings of the main analysis should be confirmed. To
be more precise, it was expected that the eﬀect found in the main analysis
would be fortified in the other two analyses. Infants’ ability to discriminate
the highly contrastive non-words pata and medo should become even more
clear-cut. The strongest eﬀect was expected for the re-analysis. In the
control analysis the eﬀect was expected to be a little bit weaker compared to
the re-analysis since the amount of observations usable for the discrimination
test was bisected in this case.

6.4.1

Re-Analysis

As explained in section 6.3.1, the re-analysis took all infants’ reactions to
the first change in the sound signal into account (HTfin/‘same’ vs. ‘switch’),
11

Note that each infant’s attention during the habituation phase decreases to the same
preset criterion. The number of habituation trials each subject takes to reach this criterion
varies individually.
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ignoring the second auditory change in the group of infants tested in the
sw/sa order (see figure 6.3b). With a comparison of infants’ pre-shift versus
post-shift attention the re-analysis follows the logic of classical habituation
paradigms. It was predicted that the eﬀect found by comparing ‘same’ and
‘switch’ trials in the main analysis would be fortified in the re-analysis.
6.4.1.1

Results

For the re-analysis of the infant control test, no outliers had to be excluded,
since all looking times remained within the range of ±2 standard deviations of the mean looking time. Looking time was the dependent variable
and the factors subject (as random factor), condition (pata | medo),
trial (HTfin/same | switch) and test order (sa/sw | sw/sa) were added
as independent variables in a full-factorial ANOVA that included all possible interactions. There was a main eﬀect of trial [F (1, 9) = 13.87, p <
.001, MHT f in/same = 6.64, SD = 3.78, Mswitch = 10.61, SD = 3.95]. Infants
looked longer to the ‘switch’ than to the final habituation/‘same’ trial and
the diﬀerence was highly significant, indicating that the 6- to 8-month-old
German infants were able to discriminate the contrast. None of the other
factors and none of the interactions reached the level of significance. The
results are illustrated in figure 6.4.
In addition to the crucial comparison of pre- versus post-shift attention
(HTfin/‘same’ vs. ‘switch’), another ANOVA was run in order to find out
whether the looking times to the final habituation trial generally diﬀered
from the ‘same’ trial. 1 out of 32 observations (3.13%) was excluded since it
diverged more than two standard deviations from the group mean looking
time. The statistical design was identical to the preceding ANOVA with
the exception that the factor trial now consisted of the opposition ‘HTfin
| same’ (instead of ‘HTfin/same | switch’). The analysis yielded no main
eﬀect and no interactions, indicating that the final habituation trial does
not diﬀer significantly from the ‘same’ trial – irrespective of condition and
test order.
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Figure 6.4: German 6- to 8-month-olds’ looking behaviour in Experiment 1
(pata vs. medo; re-analysis).

6.4.1.2

Discussion

Conform to the predictions, the results of the re-analysis provide more evidence for the insights yielded by the main analysis. 6- to 8-month-old
German infants clearly discriminate the two pseudo-words pata and medo.
This finding supports the assumption that the re-analysis is a reliable means
to evaluate the data collected in the Switch Procedure. As expected, the
eﬀect became stronger in the present analysis (p < .001) than in the main
analysis (p < .05). Therefore, it can be claimed that the re-analysis is eﬃcient in revealing eﬀects which may be weak or (as will be shown in chapter
7) even remain invisible in the traditional way of analysing the data.

6.4.2

Control Analysis

The data collected in Experiment 1 were further inspected in a control analysis. As described in section 6.3.1, this kind of analysis compares infants’
attention during the final habituation trial to their attention during the first
test trial, irrespective of the order in which infants heard the two test trials. Consequently, only one half of the subjects – the ‘experimental group’,
that is, those infants who were tested in the sw/sa order – were useful in-
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dicators concerning contrast discrimination in this analysis. For this group,
the analysis corresponds to a comparison of pre- and post-shift attention
as in classical habituation paradigms and in the re-analysis of the Switch
Procedure described before. The other half of the infants, those tested in
the sa/sw order, acted as a control group that was presented two identical
trials (see also figure 6.3c). It was predicted that the control analysis would
confirm the results of the main analysis and the re-analysis, revealing successful discrimination of pata and medo. Accordingly, it was expected that
looking times during the final habituation trial and the first test trial would
diﬀer significantly for the experimental group of infants (tested in the sw/sa
order) but no eﬀect was expected for the control group (sa/sw order).
6.4.2.1

Results

None of the observations had to be excluded in the control analysis due to
too much deviating looking times. The dependent variable in the ANOVA
was looking time, and the factors subject (as random factor), condition
(pata | medo), trial (HTfin | T1) and test order (sa/sw | sw/sa) were
independent variables in a full-factorial design including all possible interactions. The analysis yielded a main eﬀect of trial [F (1, 9) = 9.15, p <
.05, MHT f in = 6.18, SD = 2.85, MT 1 = 9.53, SD = 4.79] with infants looking longer to the first test trial than to the final habituation trial. The
interaction trial × test order nearly reached the level of significance
[F (1, 9) = 4.84, p = .0553]. There were no other eﬀects or interactions.
As mentioned above, in order to make sense this kind of analysis requires
an interaction between the factors trial and test order. The fact that
this interaction just missed the level of significance in the statistical analysis must probably be attributed to a relatively low amount of observations
as against a comparatively high amount of factors. Since the factor condition was not involved in any of the eﬀects, an additional ANOVA was
performed, identical to the first one with the exception that now condition was not included as a factor. This second ANOVA yielded a main
eﬀect of trial [F (1, 13) = 10.13, p < .01] as well as the expected interaction of trial × test order [F (1, 13) = 5.36, p < .05]. Subsequent
planned comparisons revealed the predicted pattern. In the control group
(sa/sw test order), looking times to the final habituation trial did not diﬀer
significantly from those to the first test trial (which is a ‘same’ trial in this
case) [MHT f in = 7.01, SD = 2.48, MT 1 = 7.93, SD = 4.15, p > .05]. In
the experimental group (sw/sa test order), in contrast, looking times to the
first test trial (a ‘switch’ in this case) were significantly longer than to the
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final habituation trial [t = 3.89, p < .01, MHT f in = 5.35, SD = 3.11, MT 1 =
11.14, SD = 5.10]. The diagram in figure 6.5 illustrates these results.12

Figure 6.5: German 6- to 8-month-olds’ looking behaviour in Experiment 1
(pata vs. medo; control analysis).

6.4.2.2

Discussion

The results obtained by the control analysis are a further confirmation of
the insights gained by the previous analyses. First of all, they provide more
evidence for the finding that German infants aged 6 to 8 months had no
diﬃculties in discriminating the phonetically highly contrastive pseudo-word
pair pata–medo. This replication of results supports the assumption that the
control analysis is a proper way of investigating infants’ discrimination skills.
Moreover, it can be observed that the eﬀect in the present analysis (p < .01)
was stronger than in the main analysis (p < .05) but weaker than in the re12

It was pointed out by Paula Fikkert (p.c.) that, although infants were exposed to
identical stimuli up to that point, the looking times for the final habituation trials diﬀer
between the control group (sa/sw-order; MHT f in = 7.01) and the experimental group
(sw/sa-order; MHT f in = 5.35). Given standard deviations which exceed the diﬀerence
between these two values (∆ = 1.66), it seems that the discrepancy has to be considered
as random variation. The same is true for the control analysis conducted for Experiment
2 (see section 7.2.4).
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analysis (p < .001). Precisely such a constellation was expected, assuming
that both the re- and the control analysis act as reinforcer for eﬀects that
may be weak or even unobservable in the traditional main analysis and
considering the fact that the control analysis can resort to only one half of
the subjects when it comes to contrast discrimination.

6.5

Summary and Conclusions

The present experiment was conducted in order to safeguard successful operation of the Switch Procedure at the Baby Speech Laboratory in Konstanz.
By testing 6- to 8-month-old German infants on their capacity to discriminate a very dissimilar phonetic contrast this target could be met. With help
of the Switch Procedure infants’ discrimination abilities were successfully
brought forward. The findings involve support for the assumption that the
Switch Procedure is an expedient method for the investigation of infants’
discrimination skills regarding phonetic contrasts. Nonetheless, the specific
nature of the Switch Procedure was discussed with regard to its suggestion
to have two diﬀerent test trials to assess infants’ perception skills. It was
argued that a comparison of pre- versus post-shift attention as it is found in
most other habituation paradigms might oﬀer a more appropriate way of examining infants’ behaviour. Experiment 1 allowed to show that the Switch
Procedure does indeed provide plausible results in its traditional form. However, beyond this finding it could be demonstrated that the results become
clearer when the data are examined more extensively than when the common comparison of looking times to ‘switch’ and ‘same’ trial is the only
way of analysis. The present experiment demonstrates that the two new
ways of analysing the Switch data can be a more powerful means to bring
existent eﬀects to light than the traditional analysis. The eﬀect triggered
by a stimulus change that could already be observed in the main analysis
became more evident in the re- and in the control analysis.
Generally, the arguments in favour of the Switch Procedure as a valuable
method to relatively easily assess infants’ speech discrimination abilities (see
section 6.1) were confirmed by the empirical study. For investigations like
the present one that focus on developmental aspects of language acquisition,
the Switch Procedure with its applicability to subjects of a broad age range
(starting with a few months and reaching far into the second year of life)
provides a suitable method to compare infants’ perceptual capabilities at different ages without having to take methodological diﬀerences into account.
It has been proven to reliably reveal infants’ speech contrast discrimination
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skills, especially when the data are not only evaluated in the traditional way
but also through the perspective of the re-analysis and the control analysis.
As pointed out already in section 6.1, despite these strengths, it should
be kept in mind that the method also has some limitations. First of all, as
a between-subjects design, the data collected with the Switch Procedure do
not allow to draw reliable inferences about individual infants’ perceptual capacities. Beyond that, there is another disadvantage which seems to be more
profound for the present purpose. Negative results, that is failure to dishabituate, cannot necessarily be interpreted as evidence for infants’ inability
to distinguish the stimuli but could be due to other – maybe unknowable
– factors. Thus, although the procedure allows to firmly draw conclusions
about which contrasts are distinguished, apparently non-discriminated contrasts should be handled with caution (see also Polka et al. 1995 for similar
drawbacks of the visual fixation paradigm).13
Altogether, the Switch Procedure seems to be the most suitable method
for the present purpose. Therefore, it is also employed to examine infants’
perception of laryngeal and length contrasts in Experiment 2 with German
infants and in Experiment 5 with Swiss German infants, presented in chapters 7 and 9, respectively. In addition to the traditional analysis, the data
will be scrutinised with the re-analysis and the control analysis as introduced
in the current chapter.

13

Reconsider in this respect the findings of Stager & Werker (1997), where 14-montholds failed to distinguish the PoA contrast between [bI] and [dI] when the visual stimuli
were objects (Experiments 1 and 2) but reliably discriminated the same syllables when a
checkerboard pattern served as visual stimulus (Experiment 4).

Chapter 7

German Infants’ Perception
of Stop Contrasts
German and Swiss German stop contrasts are at the centre of the present
investigation and the major objective is to clarify how infants perceive the
contrast relevant for phonemic distinctions in the language they are about
to acquire. Concurrently, it is of interest how contrasts without phonemic
relevance in the mother tongue are perceived. In particular, the study concentrates on infants’ perception of two phonetic cues, ACT and CD, which
are assumed to be the principal correlates both in production and perception of German and Swiss German tense/lax contrasts, respectively. As
described in chapters 2 and 5, the laryngeal contrast – a contrast between a
voiceless unaspirated and a voiceless aspirated stop – is a phonemic contrast
in Standard German (and also in the variety of German that is spoken in
Konstanz and its surroundings). The length contrast – a singleton/geminate
distinction – is phonemic in Swiss German. The basic idea was to examine
both contrasts once as a native contrast and once as a non-native contrast.
Against the background of reorganisational processes in speech perception in early infancy, developmental progress was assumed to be a crucial
issue. For this reason, the present investigation focuses on three diﬀerent age
groups, comprising a very early age at which speech perception is assumed
to be still rather universal, presumably language-specific speech perception
at around one year of age and the beginnings of lexical speech processing
some months later. Since it was easier to find German participants than
Swiss Germans and due to the resulting imbalance of subjects, the German
data will make up the key focus of the investigation against which the Swiss
German data will be compared later.
165
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The experimental data regarding stop contrasts in German and in Swiss
German are presented in the current chapter and in the two subsequent
chapters. Section 7.1 introduces the aims and expectations underlying the
experiments with German and with Swiss German infants. Section 7.2 comprises the main investigation (Experiment 2) examining German infants’
perception of ACT and CD. In section 7.3 some proposals regarding the
interpretation of the empirical data are made. Chapter 8 provides two additional experiments with German adults. Finally, chapter 9 focuses on Swiss
German infants’ and adults’ perception of laryngeal and length contrasts.

7.1

Aims and Predictions

The laryngeal contrast is considered a native phonemic contrast for German infants. As shown in chapter 4, infants’ perception of a contrast between stops with a short voicing lag and stops with a long voicing lag –
comparable to the German tense/lax opposition – has been investigated in
previous studies but with infants from diﬀerent language backgrounds. For
Swiss German infants, the laryngeal contrast is supposed to be a non-native
speech contrast, since ACT is irrelevant for phonemic distinctions in Swiss
German (see chapters 2 and 5 and references there). Not much is known
about Swiss German infants’ perception of laryngeal contrasts. Yet, such an
investigation is interesting since Swiss German is a language that does not
use any laryngeal configurations for distinctions in its phoneme inventory.
Nonetheless, Swiss German adults are able to use ACT as a cue in perception (see section 5.3). It was hypothesised that adults might have relearned
to discriminate stops with diﬀerent voicing lags since they are regularly exposed to Standard German. An alternative hypothesis suggested that Swiss
German adults succeed in discriminating laryngeal contrasts since the short
lag/long lag boundary is very salient and apparently present from birth.
Their mother tongue does not require them to readjust their perception to
a diﬀerent laryngeal contrast – as is the case in voice languages, where stops
with a voicing lead are distinguished from stops with a (short) voicing lag.
One might also speak of a required relocation of the phoneme boundary from
the lag to the lead region of the laryngeal continuum in the latter case but
not in the case of Swiss German.1 Hence, the short lag/long lag boundary
1

In Aslin & Pisoni’s (1980a) terms, such a relocation may also be seen as a case of
realignment. But note that under the perspective adopted in the present work, such a
realignment from a laryngeal lag contrast to a lead contrast involves a change of phonetic
cues (from ACT to closure voicing).
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may remain intact in Swiss Germans’ perception. Insights on Swiss German
infants’ perception of such a short lag/long lag contrast will shed more light
on this issue.
The literature on infants’ perception of length contrasts in stops is scarce
(see chapter 4). For young children learning Swiss German, the singleton/geminate contrast will be a native speech contrast. For infants acquiring German, on the other hand, it will be a non-native contrast. Recall
that duration variations exist in Standard German stops, lax stops being
usually produced with a shorter CD than tense stops. However, as shown in
chapter 5, the variation in production is large and CD is not a reliable cue
for phoneme distinction in perception. Due to its non-phonemic quality, the
length contrast is considered to be a non-native contrast for German infants.
An additional, but in the present thesis neglected aspect regarding the early
perception of singleton/geminate contrasts is the fact that, phonologically,
the length contrast is not represented by distinctive features as most other
consonantal contrasts, but instead by timing units on a prosodic level (see
chapter 3). Summarising, the present study examines infants’ ability to discriminate (a) an ACT contrast that is phonemic in German but not in Swiss
German and (b) a CD contrast that is phonemic in Swiss German but not
in Standard German.
The predictions that can be made with regard to infants’ discrimination
abilities rest upon two central hypotheses, which refer to the perception of
native and non-native contrasts, respectively, and which were introduced in
chapter 4. According to the first hypothesis, it is assumed that during the
first year of life a perceptual reorganisation takes place in infants’ language
processing. Following Werker & Tees (1984), it is expected that infants aged
6 to 8 months are still ‘universal listeners’ who parse the sound signal in a
general phonetic/auditory way. By approximately 10 to 12 months of age,
perception has adapted to the phoneme inventory of the mother tongue and
infants attempt to map all speech sounds to their native phoneme categories,
to the eﬀect that speech contrasts without phonemic relevance are neglected.
The ‘perceptual-reorganisation-hypothesis’ requires two additional remarks.
First, recall that perceptual reorganisation proceeds not only in terms of a
reductory process as implicitly assumed by Werker & Tees (1984), meaning
the decline of non-native contrast discrimination. There are also native contrasts for which discriminability is facilitated or enhanced at the end of the
first year of life (e.g., Polka et al. 2001; Narayan et al. 2010). Second, the
discussion of the ‘bin/din-paradox’ in section 4.5 made clear that it is not
assumed that infants as young as one year have already established stable
phonological categories which they can use in an adult-like manner. Rather,
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their perception starts to become organised along the lines of the native language’s phoneme inventory but the categories may still be weak and not yet
fully functional for more advanced language processing. The second crucial
hypothesis was developed by Catherine Best and her colleagues (e.g., Best
et al. 2001; Best & McRoberts 2003) and focuses on ‘phonemic processing’
(i.e., it makes no predictions with regard to very early ‘prephonemic processing’). According to this hypothesis the mapping process of non-native
phones to native categories is conditioned by the nature of both the incoming
speech sounds and the native phoneme inventory. The perceptual assimilation model (PAM) suggests that if two foreign sounds are similar enough to
one native phoneme category, the non-native contrast will not be discriminated. As the model predicts, non-native contrasts are discriminable if (a)
the non-native sounds map to two diﬀerent native categories, or (b) one of
the two sounds is clearly a better representative of a native category than
the other one, or (c) the non-native sounds are extremely dissimilar to any
native category (see section 4.2.1 for a detailed explanation).
Besides being based on previous studies on early speech perception, the
predictions for German and Swiss German infants’ perception of the ACT
and the CD contrast will be formulated along the lines of the perceptualreorganisation-hypothesis and on PAM as proposed by Best and colleagues.
Since perceptual reorganisation is assumed to take place in the second half
of the first year of life, 6- to 8-month-old and 10- to 12-month-old infants
were chosen for the present investigation. A third age group of 14- to 16month-olds was added due to the fact that there is scarce knowledge about
the early perception of a consonantal length contrast which might follow a
diﬀerent time line than laryngeal contrasts. Moreover, the inclusion of 14to 16-month-olds permits the assessment of children’s discrimination skills
at an age when they start processing speech in lexical phonological terms.
To find out whether infants are able to discriminate the German and the
Swiss German contrast, respectively, phonetically similar non-words with a
labial stop in pretonic intervocalic position were used. For each contrast,
the non-words diﬀered in one single aspect only, namely with regard to the
presence/absence of aspiration in case of German and in terms of the length
of the closure phase in case of Swiss German. All other phonetic properties
(e.g., burst amplitude, formant transitions or fundamental frequency) as
well as PoA and MoA remained unchanged.
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Discrimination of a Native Contrast

The laryngeal contrast between a voiceless unaspirated stop and a voiceless aspirated stop is a native contrast for infants acquiring German. As
became apparent in chapter 4, there is a lot of literature on infants’ perception of laryngeal contrasts from which two main aspects can be extracted.
Firstly, there is ample evidence that fine changes in the laryngeal configuration are discriminated by infants already at an early age, in infants’ very
first months of life (e.g., Trehub & Rabinovitch 1972; Lasky et al. 1975;
Streeter 1976). As has been discussed in chapter 4, discrimination of laryngeal stop contrasts is apparently influenced by the test procedure as well as
by the language background of the infants. However – and this is the second crucial aspect – the contrast between stops with a short voicing lag and
stops with a long voicing lag has been proven to be particularly salient (e.g.,
Stevens & Klatt 1974; Kuhl & Miller 1975). It has been shown for infants of
diﬀerent ages and from diﬀerent linguistic environments that they are able
to discriminate a short lag/long lag contrast comparable to the lax/tense
phoneme distinction in German stops (e.g., Eimas et al. 1971; English 1and 4-month-olds; Lasky et al. 1975: Guatemala Spanish 4- to 6.5-montholds; Streeter 1976: Kikuyu 2-month-olds; Eilers et al. 1979a: English and
Spanish 6- to 8-month-olds; Rivera-Gaxiola et al. 2005: English 7- and 11month-olds). Based on these findings, it is expected that German infants –
like their peers from other linguistic backgrounds – will succeed in discriminating the laryngeal contrast. Since the contrast is of phonemic relevance in
German, it is predicted that all three age groups will reliably distinguish the
contrast between voiceless unaspirated and voiceless aspirated labial stops
(see table 7.1, ACT, in section 7.1.2, p. 173).
The singleton/geminate distinction is a native contrast for infants acquiring Swiss German as their first language. As mentioned before, there
are but few empirical data on infants’ perception of a pure length contrast
in oral stops, from which inferences for the present study could be drawn.
Nonetheless, two potential outcomes for infants’ discrimination of a consonantal length contrast can be thought of with regard to the literature. The
first one relates to findings reported in the field of infant speech perception
research. It might be the case that infants are already born with the ability
to distinguish singletons and geminates, similar to the apparently innate
capacity to discriminate a short versus a long voicing lag. The finding by
Cohen et al. (1992) that English 7.5-month-olds succeed in discriminating
labial stops with diﬀering CD values supports this assumption. For Finnish
6-month-olds, Leppänen et al. (2002) also report sensitivity to CD contrasts
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as measured by EEG. Thus, in analogy to other contrasts, such as the short
lag/long lag opposition and many PoA contrasts, which have been shown to
be discriminable already at 6 to 8 months of age, one possible prediction is
that in the present experiment Swiss German infants of 6 to 8, 10 to 12 and
14 to 16 months of age will succeed in discriminating the length contrast
(see table 7.2, CD option 1, in section 7.1.2, p. 173).
An alternative prediction can be conceived of with regard to the findings by Richardson et al. (2003) and studies examining older children’s perception of consonantal length contrasts (e.g., Kuijpers 1996; Aoyama 2001;
see also section 4.4), which suggests that categorical discrimination of consonantal length contrasts is acquired with increasing linguistic experience,
hence comparatively late. As discussed in chapter 4, there are apparently
some phonemic distinctions which are not easy to distinguish even for very
young infants and reliable discrimination of which requires exposure to the
language in question. This has been observed for the laryngeal contrast
between stops with a voicing lead and stops with a short voicing lag (e.g.,
Lasky et al. 1975; Eilers et al. 1979a), for the MoA contrast between /d/ and
/D/ (Polka et al. 2001) and also for the nasal PoA distinction [m] versus [N]
(Narayan et al. 2010). All of these contrasts are marked by a relatively low
acoustic salience. The authors of the mentioned studies argue that reliable
discrimination of such contrasts is learned (or facilitated) only with suﬃcient linguistic experience, which, in turn, is available only if the contrast is
phonemically relevant in the mother tongue. Recall that the phonetic correlate which determines the length contrast is a specific duration of silence,
making CD a cue that is not very salient. It might thus be hypothesised that
consonantal length contrasts like the stop contrast examined in the present
experiment belong to a group of contrasts which have to be acquired with
growing linguistic experience. If so, that is, if the singleton/geminate contrast in stops is not easily and universally discriminable from birth, it is
diﬃcult to predict an exact outcome for the present study. Infants may
start learning to perceive the distinction in their first months, but it may as
well be the case that the ability to distinguish singletons and geminates is
developed later (see table 7.2, CD option 2, in section 7.1.2, p. 173).2

2

With regard to a potential time line, consider that Eilers et al. (1979a) suggest that
Spanish infants (as opposed to English infants) learned to discriminate a prevoiced from
a voiceless unaspirated stop already at an age of 6 to 8 months. The findings by Aoyama
(2001), on the other hand suggest that Japanese infants aged 3 years and older still have
problems in discriminating nasal length contrasts. Therefore, it is impossible to predict a
precise time line as to when the CD contrast might be acquired.
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Discrimination of a Non-Native Contrast

The singleton/geminate contrast is considered to be a non-native contrast
for German infants. In terms of PAM, it is expected that the Swiss German
CD contrast belongs to contrasts of the SC-type (single-category assimilation): As soon as sounds are perceived along the lines of the native phoneme
inventory, both foreign sounds are mapped onto the same native category.
Consider in this respect that the CD cue consists of (particular intervals of)
silence and is thus not a very salient cue (as opposed to the isiZulu click
sounds, for instance, which Best et al. 1988 found to be easily discriminated
by non-native listeners). Furthermore, the pilot perception test (cf. section
5.3) revealed that German adults have severe diﬃculties in unambiguously
assigning stops with various diﬀerent CD values to two diﬀerent native categories. Finally, the production data presented in section 5.2 showed that
German stops are produced with largely varying CDs and both values used
in the infant test-stimuli (80 ms and 120 ms) are appropriate CD values for
tense as well as for lax German stops. Based on these considerations and
presuming a perceptual reorganisation from universal phonetic to languagespecific phonemic listening in the second half of the first year of life, it might
be expected that German infants aged 6 to 8 months will still be able to
discriminate the Swiss German length contrast whereas the two older age
groups, who are trying to map the foreign sounds to their native phoneme
categories, will fail to discriminate the contrast since CD is not used as a
phonemic cue in German (see table 7.1, CD option 1, p. 173). As mooted
before, an alternative possibility would be that the ability to discriminate a
length contrast in stops has to be acquired with linguistic experience. If so,
German infants of all three age groups are expected to fail in discriminating
the singleton/geminate contrast since CD is not of phonemic relevance in
German and therefore, linguistic experience is not supposed to teach them
to use it as a perceptual cue to distinguish two stop categories (see table 7.1,
CD option 2). German adults’ failure to categorise stops diﬀering exclusively
in CD would be in line with both possibilities.
The laryngeal contrast between a voiceless unaspirated stop and a voiceless aspirated one is a non-native distinction for infants with a Swiss German
language background. As mentioned before, not much is known about the
perception of ACT contrasts by infants who learn a language in which laryngeal configurations do not play a distinctive role at all. Nonetheless, since
previous studies with infants from other language backgrounds suggest that
the short lag/long lag contrast is universally discriminable in the first half
year of life, it is predicted that Swiss German infants aged 6 to 8 months
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will succeed in discriminating the ACT contrast. Whether this discrimination ability is maintained or lost with increasing age depends – in terms
of PAM – upon the assimilation category to which the contrast has to be
ascribed. Two assimilation patterns can be imagined in this respect. The
ACT contrast might be a ‘SC-contrast’ (single-category assimilation), with
both the unaspirated and the aspirated stop being assimilated to one native
category. If so, it is expected that 10- to 12-month-old and 14- to 16-monthold Swiss German infants will not be able to discriminate the non-native
laryngeal contrast (see table 7.2, ACT option 1). Alternatively, the contrast
might belong to the group of ‘CG-contrasts’ (category-goodness diﬀerence),
where both foreign sounds are mapped onto the same native category but
one phone is a clearly better representative of the native category than the
other one. Given that the short lag/long lag contrast has been proven to be
particularly salient and easy to discriminate, one could hypothesise that the
German contrast is noticed by Swiss German infants although both stops
are mapped onto the same Swiss German phoneme category. Logic suggests
that both, the stop with the short voicing lag and the stop with the long
voicing lag, would be mapped onto the Swiss German singleton category,
since both have a comparatively short CD (80 ms; see sections 5.4 and 7.2).
Since the Swiss German stops are generally produced with short voicing lags
(see chapter 2 and references there), the aspirated stimulus is assumed to be
perceived as the ‘bad representative’ of the Swiss German singleton category
in this case. Accordingly, this alternative predicts that also the two older
age groups of Swiss German infants will succeed in discriminating the ACT
contrast (see table 7.2, ACT option 2).
Both potential perception patterns could help to explain Swiss German
adults’ ability to categorise stops diﬀering in ACT despite the phonemic
irrelevance of this cue for their mother tongue (see section 5.3). If the first
prediction will turn out to be true, it can be concluded that the adults relearned to distinguish stops diﬀering in ACT due to being regularly exposed
to Standard German. If, however, the second hypothesis is confirmed, it
might be argued that Swiss German adults are sensitive to the short lag/long
lag boundary since it is a rather salient speech contrast and since they were
never compelled to relocate the boundary or exploit the ‘laryngeal repertoire’ otherwise. (Recall in this context that Dutch adults, who distinguish
prevoiced and voiceless unaspirated stops phonemically, fail to categorise
the stops varying only in ACT; see section 5.3.3.) The expected perception
patterns that have been discussed for German and Swiss German infants’
perception of ACT and CD contrasts in the present section are summarised
in tables 7.1 and 7.2.

7.2 Experiment 2: German Infants’ Perception of Stops

ACT (native)
CD (non-native)

Option 1
Option 2

6-8M
�
�
×

10-12M
�
×
×
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14-16M
�
×
×

Table 7.1: Predictions for German infants’ perception of a native laryngeal
contrast and a non-native length contrast.

CD (native)

Option 1
Option 2

ACT (non-native)

Option 1
Option 2

6-8M
�
?
�
�

10-12M
�
?
×
�

14-16M
�
?
×
�

−→ �

Table 7.2: Predictions for Swiss German infants’ perception of a native length
contrast and a non-native laryngeal contrast. The second option for the native
contrast suggests that infants acquire sensitivity to CD with increasing linguistic experience, but it is not entirely clear at which point in development.

7.2

Experiment 2: German Infants’ Perception
of ACT and CD Contrasts

This section presents the data of infants whose parents are native speakers
of German. Thus, the laryngeal contrast between a voiceless aspirated and
a voiceless unaspirated stop is considered a native contrast for them since
voicing lag diﬀerences are used for phonemic distinctions in Standard German. The length contrast is assumed to be a non-native contrast for German
infants. Although there are diﬀerences in the length of the closure phases
of tense and lax stops, they are not exploited to make phonemic contrasts
in Standard German (see chapters 2 and 5).

7.2.1
7.2.1.1

Method
Participants

96 German infants were included in the study: 32 6- to 8-month-olds (mean
age 7 months, 5 days; 15 girls), 32 10- to 12-month-olds (mean age 11

174

7 German Infants’ Perception of Stop Contrasts

months, 3 days; 16 girls), and 32 14- to 16-month-olds (mean age 15 months,
5 days; 17 girls). All subjects were without apparent health problems. At
the time of testing, they lived in Konstanz or its vicinity. A language questionnaire was used to ensure that the infants were exposed to their mother
tongue at least 90% of the time. The results of 71 additional participants
had to be excluded from the analysis because those infants were too fussy
(n = 28), they started crying (n = 10), they did not habituate (n = 16),
because of parent interference (n = 7), experimenter error or equipment
failure (n = 6), or because it was realised that they in fact do not grow up
monolingually (n = 4).3 All infants were rewarded for their participation
with either a T-shirt or a bib of the Baby Speech Lab or with a small toy
or a book and parents were reimbursed for parking fees or bus tickets.
7.2.1.2

Stimuli

Like in the pilot perception test (section 5.3), the auditory stimuli were of
the form /@/ plus labial stop plus /a/. As outlined in chapter 5, an intervocalic pretonic context is the most appropriate environment for testing the
phonetic parameters of interest, ACT and CD. The stimuli were recorded by
the same male native speaker of Standard German who recorded the stimuli
for Experiment 1 and the pilot perception test.4 In a soundproof booth 135
items of [@"ph a] and 69 items of [@"pa] were digitally recorded directly onto a
computer with the Cool Edit 2000 software at a sampling rate of 44,100 Hz.
3
The drop-out rate amounts to 42.5%, which seems to be relatively high, in particular
when compared to the rate reported in Experiment 1 (30.4%). Recall that only 6- to
8-month-old infants participated in Experiment 1. Experiment 2, by contrast, included
children up to the age of 16 months, for whom a simple discrimination task like the
checkerboard variant of the Switch Procedure might have been less demanding, causing
more fussiness than in younger children. Also, a comparison to studies employing the
same or similar methods, reveals that such a rate is not unusual (e.g., Werker et al. 1998a,
where attrition rates range between 17.2% and 51.5%; or Fennell & Werker 2003, who
report a drop-out rate of 38.5%). Some studies, like Best et al. (1995); Miller & Eimas
(1996); Pater et al. (2004) report even higher drop-out rates, exceeding the 50%-level.
Besides, it has been mentioned that attrition rates may be higher in designs employing a
fixed trial duration (as in the present experiment) as opposed to an infant-controlled trial
length (see Polka et al. 1995).
4
In a majority of the literature one finds a female speaker for the recordings of infant
stimuli as it is assumed that babies prefer listening to a female voice. However, there are
also studies using male-voice stimuli (e.g., Polka et al. 2001; Anderson et al. 2003). In
the pilot perception test (section 5.3) stimuli were spoken by a male speaker and it was
easy to transform a voiceless aspirated [ph ] into a voiceless unaspirated [p] by digitally
shortening ACT. Therefore, the same male speaker who had already recorded the stimuli
for the pilot test was asked to record the infant test stimuli as well.
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Since it has been shown that infant-directed speech eases perception for babies (e.g., Fernald 1985, Fernald & Kuhl 1987; also cf. Pegg et al. 1992), the
sound sequences were spoken with an undulating child-directed voice. The
[@"pa]-items were recorded for comparison only. They were not used for the
test stimuli. Of the 135 [@"ph a]-items, seven were chosen for further manipulation. Care was taken to select items that diﬀered in intonation but were
similar with respect to the general quality of the voice. These seven items
were then manipulated with the Praat program (Boersma & Weenink 2007),
creating three sets of seven stimuli each: (1) voiceless aspirated [ph ] (German /p/), (2) voiceless unaspirated [p] (corresponding to both, German /b/
and Swiss German singleton /p/), and (3) voiceless unaspirated [p:] with a
long closure phase (Swiss German geminate /p:/). The original CD of the
stops was replaced by a silent interval, that is, with a CD value of 80 ms for
the first two sets and of 120 ms for the geminate stimuli. For the voiceless
aspirated set ACT was manipulated to 35 ms and for the other two sets
(voiceless unaspirated and the geminate) the ACT value was shortened to
15 ms. The ACT and CD values for the stops in each set are listed again in
table 7.3. Examples of the waveforms and the relevant measurement marks
for the stimuli are given in figures 7.1 to 7.3. The starting point for CD is
set at the oﬀset of the preceding vowel [@]. The release of the closure marks
the end of the CD interval, which is simultaneously the starting point to
measure ACT. The onset of the following vowel [a] marks the end of ACT.
The durations of the vowels preceding and following the stop in question are
similar in the various items.

Set 1
Set 2
Set 3

[ph ]
[p]
[p:]

ACT
35 ms
15 ms
15 ms

CD
80 ms
80 ms
120 ms

StG
/p/
/b/
—

SwG
—
/p/
/p:/

voiceless aspirated
voiceless unaspirated/singleton
geminate

Table 7.3: ACT and CD values used for infant stimuli design.
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Figure 7.1: Stimulus with voiceless unaspirated short stop [p]: ACT=15 ms,
CD=80 ms (German /b/, Swiss German /p/).

Figure 7.2: Stimulus with voiceless aspirated short stop [ph ]: ACT=35 ms,
CD=80 ms (German /p/).

Figure 7.3: Stimulus with voiceless unaspirated long stop [p:]: ACT=15 ms,
CD=120 ms (Swiss German /p:/).
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Each item was scaled for intensity, generating a new average intensity level
of 70 dB. The seven items in each set were concatenated with an interstimulus-interval (ISI) of 1.5 s complete silence and each trial began with a
silent interval of 1.5 s. The order of the items was the same for each set.
Final stimuli comprised seven exemplars of approximately 0.5 s in duration
each. Each trial had a duration of approximately 14.5 s. The visual stimulus
was the same checkerboard pattern with random colouring that was already
used in Experiment 1. Also, the stimuli for the pre- and posttest were
the same as in the infant control test, the nonsense sound sequence [i"lo]
combined with the image of the ‘spinner’.
7.2.1.3

Auditory Stimulus Conditions

As laid out in section 7.1, infants were to be tested on a native (phonemic)
and on a non-native (non-phonemic) contrast. Ideally, the experimental
design is such that one half of the subjects is habituated on stimulus A and
stimulus B serves as the ‘switch’. The other half is habituated on stimulus
B and stimulus A is the ‘switch’. Such a balanced design was applied in
Experiment 1 and also for the native contrast in the present experiment,
which means that one half of the German infants who were tested on the
native ACT contrast heard the stimulus with the voiceless unaspirated stop
[@"pa] in the habituation phase and as ‘same’ trial. The ‘switch’ for this
group of infants was the voiceless aspirated [@"ph a]-stimulus (condition 1).
The other half of the German subjects tested on the laryngeal contrast were
presented with the reverse pattern: The stimulus with the aspirated stop
[@"ph a] was used for habituation and as ‘same’ trial, whereas the voiceless
unaspirated [@"pa] functioned as ‘switch’ (condition 3).
Regarding the test on the non-native contrast, testing was conducted
mono-directionally. Recall that the short voiceless unaspirated stop [p] is a
phoneme both in the German (/b/) and in the Swiss German (/p/) consonant inventory and it is part of both contrasts investigated in the present
work. If a balanced design had been chosen for the tests on the non-native
contrast this would have implied habituation on a native phonemic sound
[p] for one half of the subjects, but on a non-native non-phonemic sound
[p:] for the other half of the German participants. The results achieved in
such a test, where infants are habituated on a non-native phone, could not
be compared easily to the results of those tests where infants hear native
phonemic sounds during habituation.5 In order to avoid habituation on a
5

Thanks to Paula Fikkert for this suggestion.
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non-native phone, the balanced set-up was given up for the non-native contrast. Thus, when tested on the length contrast, all German infants heard
the [@pa]-stimulus during habituation and as ‘same’ trial and the geminate
stimulus [@p:a] was always presented as ‘switch’ (condition 2). The auditory
stimulus conditions for German infants are summarised in table 7.4.
Condition
habituation/‘same’ trial
‘switch’ trial
Contrast

1
[@"pa]
↓
[@"ph a]
ACT

2
[@"pa]
↓
[@"p:a]
CD

3
[@"ph a]
↓
[@"pa]
ACT

Table 7.4: Auditory stimulus conditions for the perception experiment with
German infants.

As in Experiment 1, male and female participants were evenly distributed
across conditions, and test order (sa/sw vs. sw/sa) was counterbalanced
across subjects. The equipment, apparatus and procedure were identical to
those used in Experiment 1. The only diﬀerence was in the auditory stimuli,
the visual stimuli remained the same (including pre- and posttest).

7.2.2
7.2.2.1

Main Analysis
Results

In a first analysis, infants’ looking times during the pretest were compared
to those during the posttest. As before, those looking times that either exceeded or undercut two standard deviations from the mean looking time for
each test were excluded. The number of outliers amounted to 8 out of 192 observations (4.2%) in the case of the pretest/posttest analysis. Looking time
was the dependent variable and the factors subject (as random factor), age
(6-8M | 10-12M | 14-16M; nested under subject), test (pretest | posttest)
and age × test were added as independent variables. The analysis yielded
a significant main eﬀect of test [F (1, 85) = 7.97, p < .01] and an interaction
of age × test [F (2, 85) = 3.84, p < .05, Mpre = 14.01, SD = 0.38, Mpost =
14.12, SD = 0.35]. Subsequent planned comparisons revealed that the
looking times for pre- and posttest diﬀered significantly in the youngest
[t = 2.99, p < .01, Mpre = 13.89, SD = 0.51, Mpost = 14.10, SD = 0.33] and
in the middle age group [t = 2.49, p < .05, Mpre = 13.99, SD = 0.38, Mpost =
14.18, SD = 0.24]. However, as in both age groups the looking times
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for the posttest were even higher than for the pretest, it is obvious that
the infants did not lose interest in the test in general. The looking times
for pre- and posttest in the oldest age group did not diﬀer significantly
[Mpre = 14.14, SD = 0.10, Mpost = 14.09, SD = 0.46; p > .05]. Further
planned comparisons showed that the looking times to the posttest did not
diﬀer significantly between the age groups. Regarding the pretest, there was
only a significant diﬀerence between the youngest and the oldest age group
(t = 2.90, p < .01). Both 6- to 8- and 14- to 16-month-olds did not diﬀer
significantly from the 10- to 12-month-olds. Overall, it became evident that
all infants remained involved in the test throughout the experiment.
Next, the looking behaviour during habituation was analysed by comparing infants’ mean looking time of the first four habituation trials to the
mean looking time of the last four habituation trials. Due to values exceeding or falling below two standard deviations of the group mean looking
time to the first and the last habituation block, respectively, 8 of 192 observations were excluded from the analysis (4.2%). An ANOVA with looking
time as the dependent variable and the factors subject (as random factor),
age (6-8M | 10-12M | 14-16M; nested under subject), block (first | last)
and age × block revealed the expected main eﬀect of block [F (1, 93) =
2316.88, p < .0001, Mf irst = 12.49, SD = 1.69, Mlast = 7.34, SD = 1.16],
indicating that infants habituated successfully to the stimuli. They looked
significantly longer during the first four habituation trials than during the
last four habituation trials. age was not a significant factor in this analysis.
The most important set of analyses addressed infants’ performance on
the test trials in order to assess whether infants perceived the change in ACT
and CD, respectively. As mentioned before, the ACT contrast was split into
two conditions (condition 1: habituation on [@pa], and condition 3: habituation on [@ph a]), whereas those infants who were tested on the CD contrast
all received the same condition (condition 2: habituation on [@pa]). A first
analysis was run to find out whether condition was a significant factor in
the ACT tests. Only those 48 subjects who were tested on the laryngeal
contrast were included in this analysis. 5 of 96 observations (5.2%) were
disregarded due to looking times that diverged more than two standard deviations from the group mean looking time. An ANOVA was performed with
looking time as the dependent variable and the factors subject (as random
factor), age (6-8M | 10-12M | 14-16M; nested under subject), condition
(1 | 3), trial (switch | same) and test order (sa/sw | sw/sa) were entered
as independent variables in an ANOVA with a full-factorial design including all possible interactions. There was a main eﬀect of trial [F (1, 22) =
5.45, p < .05, Mswitch = 8.47, SD = 2.87, Msame = 7.25, SD = 3.16]. No
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other factors or interactions were significant. Infants looked significantly
longer to the ‘switch’ than to the ‘same’ trial, independent of age, condition
and test order. This first result suggests that all German infants were – as
expected – able to discriminate a fine phonetic contrast, namely an ACT
diﬀerence of 20 ms.
Having assured that condition was not a relevant factor in infants’ perception of the ACT contrast in the present experiment, the two conditions
were collapsed in the following analyses, where the data of all tests, those
on the ACT contrast and those on the CD contrast, were combined. The
next analysis disregarded 11 of 192 observations (5.7%) due to looking times
diverging more than two standard deviations from the group mean looking
time. In the ANOVA, looking time was the dependent variable, the factors
subject (as random factor), age (6-8M | 10-12M | 14-16M; nested under
subject), contrast (ACT | CD), trial (switch | same) and test order (sa/sw | sw/sa) were added as independent variables in a full-factorial
design. The analysis revealed a main eﬀect of trial [F (1, 64) = 6.61, p <
.05, Mswitch = 7.94, SD = 2.86, Msame = 6.99, SD = 2.97]. This finding,
visualised in figure 7.4, indicates that in general, infants looked longer to
the ‘switch’ than to the ‘same trial’.

Figure 7.4: German infants’ looking behaviour according to the main analysis
for both ACT and CD contrasts and all three age groups.
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There were no other main eﬀects or interactions that reached the level of significance. However, the interaction age × contrast × trial approached
significance [F (2, 64) = 2.81, p = .0677]. Therefore, pairwise posthoc comparisons were conducted to further inspect the relations of interest, revealing
the following insights, which are also shown in figure 7.5. Regarding ACT,
looking times to ‘switch’ and ‘same’ trial diﬀered significantly for the 6to 8-month-olds [t = 2.61, p < .05, Mswitch = 8.77, SD = 2.39, Msame =
6.38, SD = 2.69]. The 10- to 12-month-olds also tended to look longer to
the ‘switch’ than to the ‘same’ trial although the diﬀerence failed to be significant [t = 1.72, p = .0897, Mswitch = 9.29, SD = 2.66, Msame = 7.57, SD =
3.24]. In the oldest age group, looking times to ‘switch’ and ‘same’ trial
did not diﬀer significantly [Mswitch = 7.34, SD = 3.32, Msame = 7.80, SD =
3.52, p > .05] and there was not even a tendency to look longer during the
‘switch’ than during the ‘same’ trial. Actually, the 14- to 16-month-olds
looked slightly longer to the ‘same’ than to the ‘switch’ trial. With respect
to CD, the looking times did not diﬀer significantly between the two test
trials in any of the three age groups.
Summarising, the present experiment suggests that German infants aged
6 to 8, 10 to 12 and 14 to 16 months are capable of discriminating a fine ACT
contrast as well as a CD diﬀerence. Yet, a marginally significant interaction
of age × contrast × trial is suggestive of a more complex situation
with discrimination of the ACT contrast by 6- to 8-month-olds and possibly
also by 10- to 12-month-olds but not by 14- to 16-month-olds and failure to
discriminate the CD contrast for all three age groups.
7.2.2.2

Discussion

First of all, a few remarks are due with respect to the eﬀects found in
the analysis of the looking behaviour during pre- and posttest. For all
age groups, looking times of the posttest did not drop significantly when
compared to the pretest, indicating that all infants remained attentive to
the test in general until the end. In the two younger age groups, the looking
times in the pretest were slightly lower than in the posttest. Note that
the diﬀerences are minimal and infants of all age groups were attentive to
nearly the whole trial length of both the pre- and the posttest. The results
show that both tests worked very well in attracting infants’ attention. The
fact that the minimal diﬀerences reach the level of significance for the 6to 8- and the 10- to 12-month-old subjects must be attributed to the low
variances. The crucial aspect for the present study is that looking times did
not decrease significantly in the posttest compared to the pretest.
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Figure 7.5: Perception of ACT and CD contrasts by German infants according to the main analysis (based on the marginally significant interaction age
× contrast × trial with p < .08).

In the main analysis, which compared infants’ looking behaviour during the
‘same’ trials to that during the ‘switch’ trials, the only significant eﬀect was
found for the factor trial, with longer looking times to ‘switch’ than to
‘same’ trials irrespective of age and contrast. This finding suggests that
all German infants succeeded in discriminating the ACT as well as the CD
contrast. With this outcome, the predictions made for German infants’ perception of the laryngeal contrast (see section 7.1, table 7.1, p. 173) are met.
The very first comparison of ‘switch’ and ‘same’ trials that excluded those
subjects who were tested on the CD contrast was aﬃrmative in the same
way. 6- to 8-month-olds, who are assumed to still be in a phase of universal
perception, distinguish the short lag/long lag contrast and older German infants do so as well since the opposition is phonemically relevant in German
and thus not perceptually neglected. Regarding the CD contrast, German
infants’ perceptual data are not completely in line with the expectations
mentioned in section 7.1. The finding that all three age groups are sensitive
to the length distinction suggests that CD contrasts are discriminated already at an early age when perception is still assumed to be universal (6 to 8
months), a possibility suggested by option 1 in table 7.1 (p. 173). The older
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infants’ capability to discriminate the CD contrast was unexpected given
that CD seems to be at most a secondary cue for the German tense/lax
opposition and German adults’ failed to categorically distinguish stops with
diﬀerent CD values (see chapter 5). Before further exploring this outcome,
the data shall be inspected in more detail. Yet, some more remarks are due
with regard to the insights provided by the main analysis.
It was further observed that the interaction age × contrast × trial
just missed to reach the 5%-level of significance. It might be hypothesised
that this is probably due to the rather complex experimental design which
includes many factors and comparatively few observations in the analysis.
Although it cannot be proven in the present thesis, it is conceivable that
the interaction would reach the level of significance if more observations
were at hand. Although the interaction is not significant, the tendency is
rather strong and the insights obtained by the posthoc tests provide some aspects that should not be ignored. The perception pattern resulting from the
posthoc tests that explored infants’ perception by age and contrast points
towards a more complex situation than described above. The planned comparisons suggest that the 6- to 8-month-olds and probably also the 10- to
12-month-olds succeeded in discriminating the stops with a short and a long
voicing lag, respectively, whereas the oldest subjects failed to notice the
contrast. Concerning the length distinction, in none of the three age groups
infants looked longer to the ‘switch’ than to the ‘same’ trial, suggesting that
German infants between 6 and 16 months did not recognise the contrast
in CD. These findings are in line with the second alternative predicted in
section 7.1.2 for German infants’ perception of the non-native CD contrast,
pointing towards the hypothesis that the length distinction is not a robust
and early-on discriminable contrast, but perception of it is acquired with
increasing linguistic experience if required by the phoneme inventory of the
native language. Yet before drawing final conclusions, the data shall be further inspected by means of the re-analysis and the control analysis. Given
the enhancing power of the re-analysis and the control analysis that became
evident in chapter 6, the present findings lead to the assumption that a further evaluation of the data might yield stronger eﬀects conditional on age
and contrast which might clarify the picture obtained so far.

7.2.3

Re-Analysis

The data of the 96 German infants tested with the Switch Procedure on
their discrimination skills concerning an ACT and a CD contrast were reanalysed. For this purpose, the data were treated as if all subjects were
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tested in a classical habituation paradigm where a change in the stimulus
material occurs only once, as described in section 6.3. The relevant trials in
this re-analysis were the final habituation trial (HTfin) or the ‘same’ trial
(contingent on test order) and the ‘switch’ trial.
7.2.3.1

Results

As mentioned already in section 6.3.1, an additional ANOVA comparing
infants’ looking times during the first 4-trial block of habituation to the
looking times during the 4-trial block preceding the final habituation trial
assured a significant decrease of attention even if the final habituation trial
is excluded from the analyses (see appendix D for the precise data).
For the re-analysis, 8 of 192 observations (4.2%) were excluded due to
deviations exceeding two standard deviations of the mean looking time. As
before, infants’ performance in the three age groups and for the two contrasts
was assessed in an ANOVA with looking time as the dependent variable. The
factors subject (as random factor), age (6-8M | 10-12M | 14-16M; nested
under subject), contrast (ACT | CD), trial (HTfin/same | switch)
and test order (sa/sw | sw/sa) were entered as independent variables
in a full-factorial manner including all possible interactions. The analysis
yielded a main eﬀect of trial [F (1, 67) = 30.18, p < .0001, MHT f in/same =
6.07, SD = 2.72, Mswitch = 7.87, SD = 2.93] and a main eﬀect of test
order [F (1, 67) = 6.08, p < .05, Msa/sw = 7.55, SD = 3.02, Msw/sa =
6.43, SD = 2.81]. Generally, infants looked longer to the ‘switch’ than to the
final habituation/‘same’ trial (see also figure 7.6). They also looked longer
in general (i.e., across both HTfin/‘same’ and ‘switch’ trials) when the test
order was sa/sw than when it was sw/sa.
Furthermore, the interaction age × contrast × trial reached the
level of significance [F (2, 67) = 3.05, p = .05] and was further examined
for the relations of interest. With respect to the ACT contrast, planned
comparisons revealed that looking times to the final habituation/‘same’
trial were significantly shorter than to the ‘switch’ trial for the group of
the 6- to 8-month-olds [t = 3.72, p < .001, MHT f in/same = 5.78, SD =
1.27, Mswitch = 8.77, SD = 2.39] and the group of the 10-to 12-month-olds
[t = 3.06, p < .01, MHT f in/same = 6.16, SD = 2.87, Mswitch = 8.78, SD =
3.29] but there was no significant diﬀerence for the 14- to 16-month-old
infants [MHT f in/same = 6.77, SD = 3.56, Mswitch = 7.34, SD = 3.32, p >
.05]. Pertaining to the CD contrast, looking times to the final habituation/‘same’ trial and those to the ‘switch’ trial diﬀered significantly for
the 10- to 12-month-olds [t = 2.03, p < .05, MHT f in/same = 5.87, SD =
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2.35, Mswitch = 7.33, SD = 2.67] and the 14- to 16-month-olds [t = 2.85, p <
.01, MHT f in/same = 5.82, SD = 3.38, Mswitch = 8.10, SD = 2.80] but not
for the 6- to 8-month-olds [MHT f in/same = 6.03, SD = 2.63, Mswitch =
6.86, SD = 2.90, p > .05]. Accompanying graphs to infants’ looking behaviour are provided in figure 7.7. The data suggest that German infants
at 6 to 8 months of age are able to discriminate fine contrasts in ACT but
not in CD. 10- to 12-month-olds, apparently, succeed in discriminating both
the native and the non-native contrasts, while German infants between 14
and 16 months discriminate only the non-native CD contrast, but not the
native ACT contrast. In sum, the re-analysis yields a similar picture as the
main analysis, but the eﬀects found here are stronger. No other factors or
interactions were significant.

Figure 7.6: German infants’ looking behaviour according to the re-analysis
for both ACT and CD contrasts and all three age groups.

7.2.3.2

Discussion

To begin with, the eﬀect of test order (and the absence of any interaction
involving test order) indicates that infants of all age groups were generally
more attentive when the test order was ‘same’ before ‘switch’ than when the
‘switch’ was presented before the ‘same’ trial. On average, looking times
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Figure 7.7: Perception of ACT and CD contrasts by German infants according to the re-analysis (based on the interaction age × contrast × trial).

in the sa/sw order were 1s longer than in the sw/sa order (across both
relevant trials, HTfin/‘same’ and ‘switch’). Currently, there is no plausible
explanation for this eﬀect. If an eﬀect had to be predicted it would have to
be just the other way round with generally longer looking times for the sw/sa
order than for the sa/sw order. Recall that in the re-analysis those subjects
who were tested in the sa/sw order virtually had one additional habituation
trial (cf. figure 6.3b, p. 156). Therefore, it would have been plausible if their
attention had decreased more than the attention of those infants who heard
the ‘switch’ directly after the final habituation trial (sw/sa order). The data
provide evidence for the opposite pattern. At least, it can be concluded from
this finding that the ‘additional habituation trial’ in the sa/sw order did not
influence the discrimination performance negatively by exposing infants too
long to the same stimulus. However, the slightly increased attention in the
sa/sw order compared to the sw/sa order remains inexplicable and must
thus be considered an artefact owing to coincidence.6
6

Such artefacts may appear occasionally. For example, Cohen et al. (1992:264f.) found
an unexpected eﬀect in a test of English infants’ perception of CD contrasts: “For reasons
that are unclear, [. . . ] for both habituation and test phases, infants receiving the 50 msstimulus looked considerably longer than those receiving the 70 ms-stimulus.”
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As in the main analysis, an eﬀect of trial in the present evaluation
indicates that infants generally looked longer to ‘switch’ than to final habituation/‘same’ trials. As predicted, the eﬀect became stronger in the
re-analysis (p < .0001) compared to the main analysis (p < .05). Moreover,
the interaction age × contrast × trial, which was only at the margin of being significant in the main analysis (p < .08), reached the level of
significance in the present analysis (p = .05) and thus confirmed the speculation based on the main analysis that the situation is more complex than
the trial-eﬀect alone suggests. The results of the re-analysis concerning infants’ looking behaviour in the diﬀerent age groups and for the two contrasts
shall be compared to those of the main analysis. Regarding the ACT contrast, the perception pattern suggested hypothetically in the main analysis
is supported by the re-analysis and it occurs in an even stronger form. The
re-analysis reveals that German 6- to 8- and 10- to 12-month-olds succeed
in discriminating the laryngeal contrast whereas 14- to 16-month-olds fail.
Note that the looking times in the middle age group diﬀer significantly in
the re-analysis (p < .01), confirming the assumption uttered in the context
of the main analysis, where there was only a tendency pointing towards
discrimination but no significant eﬀect. Also confirming the tendencies of
the main analysis, the re-analysis demonstrates that the oldest infants were
apparently unable to discriminate the native phonemic laryngeal contrast,
a finding that calls for further exploration.
The results of the test on the length contrast are slightly diﬀerent in
the two kinds of analyses. For the 6- to 8-month-old participants, the results of the re-analysis are in accordance with those of the main analysis:
Both analyses suggest that the youngest infants did not discriminate the
CD contrast. But there are diﬀerences for both older age groups who seem
to fail to discriminate the length contrast in the main analysis whereas the
re-analysis shows that they succeed in distinguishing short and long labial
stops. A closer look at the data of the main analysis (cf. figure 7.5, p. 182)
reveals that, although the diﬀerences are not significant, infants of both age
groups look longer to the ‘switch’ than to the ‘same’ trial. This tendency is
particularly striking for the group of the 14- to 16-month-olds. In light of
the enhancing eﬀect of the re-analysis compared to the main analysis that
became apparent in Experiment 1 as well as in the present experiment, it
stands to reason that in the examination of the CD contrast, the re-analysis
disclosed some eﬀects that were invisible in the main analysis. Following this
line of argumentation, the inferences evoked by the main analysis have to be
revised. Other than previously assumed, the present data of the re-analysis
suggest that German infants aged 6 to 8 months are not sensitive to the
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length contrast. 10- to 12- and 14- to 16-month-olds, on the other hand, are
able to discriminate a CD contrast which is not a phonemic contrast in their
mother tongue and which German adults fail to categorise reliably (see section 5.3). Such an outcome clearly contradicts the expectations expressed in
section 7.1 (both options 1 and 2) and sheds new light on the question how
early speech perception develops. Yet, before drawing final conclusions, the
control analysis will provide more insights into German infants’ perception
of the length contrast and may be useful to consolidate the present findings.
Overall, the re-analysis lends further substantiation to the results yielded
by the main analysis and meets the expectation that the results are fortified by this way of looking at the data. Moreover, the re-analysis provides
evidence for an assumption that was based on speculation in the context of
the main analysis: The pattern regarding 6- to 16-month-old German infants’ perception of a laryngeal and a length contrast is more complex than
a strict interpretation of the statistical results yielded by the main analysis
would suggest. For the laryngeal contrast, the predictions are confirmed for
the two younger age groups, but the question why the 14- to 16-month-old
subjects failed to discriminate the native phonemic contrast remains unanswered. Regarding the CD contrast, the re-analysis brought forward some
insights that were unobservable in the main analysis. Speaking in favour
of the second option predicted in table 7.1 (p. 173), the results of the reanalysis suggest that the length contrast is not universally discriminable at
the age of 6 to 8 months. It remains to be clarified why German 10- to 12and 14- to 16-month-olds are sensitive to the distinction although CD alone
is considered to be phonemically irrelevant in German. The issue will be
discussed further below. The control analysis presented in the next section
will be another means of validation for the present results.

7.2.4

Control Analysis

As explained above, the control analysis examines the data by comparing
infants’ attention during the final habituation trial to their attention during
the first test trial (T1), irrespective of test order. Since the first test trial
was a ‘same’ trial for one half of the subjects and a ‘switch’ for the other
half, a strong eﬀect of test order was expected if a stimulus change was
perceived. In other words, for those children who were tested in the sa/sw
order (the control group), there should be no significant diﬀerence in the
looking times to final habituation and first test trial, because these were
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two identical trials.7 For those participants, however, who were tested in
the sw/sa order, that is, the experimental group, a significant increase in
looking times was expected if the speech contrast was perceived – since for
this group of children, the control analysis was identical to the re-analysis
in comparing the final habituation trial to the first test trial, which was
a ‘switch’ in this case. A supporting illustration for this kind of analysis
was presented in figure 6.3c (p. 156). Thus, the data of only one half of the
subjects was analysed in terms of their contrast discrimination skills. The
other half served as a control group in this analysis.
7.2.4.1

Results

For the control analysis, 9 of 192 observations (4.69%) were excluded since
these looking times diverged more than two standard deviations from the
mean looking times. As in the other ANOVAs, looking time was the dependent variable and the factors subject (as random factor), age (6-8M |
10-12M | 14-16M; nested under subject), contrast (ACT | CD), trial
(HTfin | T1) and test order (sa/sw | sw/sa) were entered into a full
factorial model including all possible interactions. The analysis revealed
a main eﬀect of trial [F (1, 67) = 6.71, p < .0001, MHT f in = 5.71, SD =
2.33, MT 1 = 7.08, SD = 2.77] with infants looking longer to the first test trial
than to the final habituation trial. The interaction test order × trial
also was significant [F (1, 67) = 6.71, p < .05] and was thus examined in
more detail in pairwise comparisons. These posthoc tests confirmed that the
looking times to the final habituation trial and to the first test trial diﬀered
significantly only in the sw/sa test order (i.e., in the experimental group)
[t = 5.04, p = 0, MHT f in = 5.10, SD = 1.88, MT 1 = 7.35, SD = 2.69] but
not in the sa/sw test order (i.e., in the control group) [MHT f in = 6.33, SD =
2.58, MT 1 = 6.80, SD = 2.86].8 These relations are illustrated in figure 7.8.

7
If there was any eﬀect at all in this test order, the looking times to the first test trial
should be shorter than to the final habituation trial due to a continuing loss of interest in
the familiar stimuli.
8
It was observed already in Experiment 1 (section 6.4.2) that the looking times to the
final habituation trial diﬀer for the experimental and the control group although the stimuli
infants were exposed to up to that point were identical. In the present experiment, the
phenomenon re-occurs (experimental group: MHT f in = 5.10; control group: MHT f in =
6.33). It was suggested before that this inexplicable diﬀerence is considered to be due to
random variation.

190

7 German Infants’ Perception of Stop Contrasts

Figure 7.8: German infants’ looking behaviour according to the control analysis for both ACT and CD contrasts and all three age groups. Infants look
significantly longer to the first test trial if it is a ‘switch’ trial but not if it is a
‘same’ trial.

Furthermore, the fourfold interaction age × contrast × test order
× trial reached the level of significance [F (2, 67) = 3.67, p < .05]. The
interaction was further explored in planned comparisons. For the following
conditions, looking times to the final habituation trial were significantly
shorter than to the first test trial:
• 6- to 8-month-olds’ perception of ACT in the sw/sa order
[t = 2.42, p < .05, MHT f in = 5.60, SD = 0.59, MT 1 = 8.22, SD = 2.80]
• 10- to 12-month-olds’ perception of ACT in the sw/sa order
[t = 3.19, p < .01, MHT f in = 4.83, SD = 1.78, MT 1 = 8.43, SD = 3.88]
• 14- to 16-month-olds’ perception of ACT in the sa/sw order
[t = 2.17, p < .05, MHT f in = 5.43, SD = 2.77, MT 1 = 7.88, SD = 3.70]
• 14- to 16-month-olds’ perception of CD in the sw/sa order
[t = 3.12, p < .01, MHT f in = 4.33, SD = 2.56, MT 1 = 7.93, SD = 2.33]
The eﬀect for 14- to 16-month-olds’ perception of ACT is astonishing since
it suggests that infants’ attention rose significantly when they listened to
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the first test trial as compared to the final habituation trial although, in
this case, the two trials were identical. Infants’ looking behaviour, broken
down to the factors age, contrast and test order, is shown graphically
in figure 7.9, and once more split into the results for the experimental group
(sw/sa test order; figure 7.10) and for the control group (sa/sw test order;
figure 7.11, p. 193).

Figure 7.9: Looking behaviour to the final habituation trial and the first test
trial dependent on age, contrast and test order.

7.2.4.2

Discussion

The expectations mentioned at the beginning of the present section were
confirmed by the control analysis: Overall, a significant increase in looking
times in the first test trial as against the final habituation trial was only
present when the first test trial was a ‘switch’ (cf. figure 7.8). This is in accordance with the prediction that there should be no eﬀect for those subjects
who served as the control group in this analysis.
A closer inspection of the data provided more support for the perception patterns relating to the ACT and the CD contrast, respectively, as
foreshadowed in the main analysis and actually obtained in the re-analysis
of the data. Table 7.5 (p. 194) provides an overview of the results of the
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Figure 7.10: Perception of ACT and CD contrasts by German infants (experimental group) according to the control analysis.

three diﬀerent analyses. Recall that in the present control analysis only
those infants could contribute insights concerning their contrast discrimination skills who were tested in the sw/sa test order (cf. figure 7.10). With
regard to the ACT contrast, the results of the control analysis are in line
with the outcome of the re-analysis. They provide further evidence for the
finding that the laryngeal contrast was successfully discriminated by the 6to 8-month-old and the 10- to 12-month-old German infants but not by the
14- to 16-month-olds. As in the re-analysis, there was a very significant
leap of attention for the ‘switch’ in 10- to 12-month-olds’ perception of the
ACT contrast (p < .01). The recurrence of this strong eﬀect in the control
analysis, where only half of the subjects was available for the discrimination
test, suggests that the tendency observed in the main analysis for 10- to
12-month-olds’ perception of the ACT contrast should be taken seriously
and that it was not just a coincidental relation. Thus, the control analysis
and the re-analysis revealed an eﬀect that might have been missed in the
main analysis and substantiate the assumption that German infants aged
10 to 12 months are able to discriminate the native phonemic contrast in
the present habituation paradigm.
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Figure 7.11: Looking behaviour of the control group in the control analysis.

Across all three analyses, the data suggest that German 14- to 16-monthold infants failed to recognise the laryngeal contrast, a result that for the
time being remains unclear and potential causes will be discussed below
(see section 7.3). Meanwhile the outcome of the control analysis shall be
inspected in more detail. Although the diﬀerence is not significant, 14- to 16month-old infants in the experimental group (cf. figure 7.10) look longer to
the ‘switch’ (T1) than to the final habituation trial – a tendency that might
be interpreted to allude to contrast discrimination similar to the tendency
observed for 10- to 12-month-olds’ ACT-perception in the main analysis
(cf. figure 7.5, p. 182). However, for the control group (cf. figure 7.11) for
14- to 16-month-olds’ ACT-perception there is not only a tendency but even
a significant eﬀect indicating increased attention during the first test trial
as against the final habituation trial. As hinted at above, this is puzzling
since the two trials are identical. Consider in this respect that, referring to
the very similar visual habituation paradigm, Polka et al. (1995:63) write:
“[. . . ], the infant may show an increase in fixation when the auditory
stimulus has not changed. Indeed, as the overall level of visual attending declines, as occurs during habituation, a spurious increase in visual
fixation (i.e., an increase not tied to noticing a change) becomes more
likely. For this reason, evidence of discrimination is typically derived
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by comparing the pre-shift versus post-shift looking time diﬀerence between an experimental and a control group. The experimental group
[. . . ] is expected to show a larger increase relative to the control group
[. . . ].”

Consequently, taking both the experimental and the control condition for 14to 16-month-olds’ ACT perception into account, it has to be acknowledged
that the tendency found in the experimental group is not trustworthy and
therefore should be ignored. Besides, the re-analysis, which is based on more
observations and is thus considered more powerful than the control analysis,
does not propose discrimination of the ACT contrast by 14- to 16-montholds, either. Hence, the present results can be considered to support the
findings of the previous analyses which both suggested that the oldest age
group of German infants failed to notice the laryngeal contrast.9

Main Analysis
(switch vs. same)
Re-Analysis
(HTfin/same vs. switch)
Control Analysis
(HTfin vs. T1=switch)

ACT
CD
ACT
CD
ACT
CD

6-8M
�
×
�
×
�
×

10-12M
(�)
×
�
�
�
×

14-16M
×
×
×
�
×
�

Table 7.5: Schematic depiction of the results as brought forward by three
diﬀerent ways of analysing the data. Note that the data for the main analysis
are not grounded statistically since the interaction age × contrast × trial
just failed to reach the 5%-level of significance.

The perception pattern obtained for the CD contrast in this analysis matches
neither the pattern hypothetically assumed in the main analysis nor the one
9

The ‘spurious attentional increase’, to stick to Polka et al.’s (1995) wording, in the
control group for 14- to 16-month-olds’ ACT-perception remains somewhat curious since
it was not an individual eﬀect leveled out in the overall results but it became a significant
eﬀect for the whole group (n = 8). Nonetheless, since the control group data are in line
with the expectations in the other conditions and also since there is the aﬃrmative test
order × trial interaction, this inexplicable result is neglected as an artefact owing to
coincidence. Also, it should be emphasised that such a ‘spurious increase’ only occurred in
those conditions where it did not invalidate an eﬀect that was observed in the respective
experimental group. Instead, it emerged only where no eﬀect or ambiguous findings were
observed in the experimental group (see discussion on 14- to 16-month-olds’ perception of
the CD contrast below).
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yielded by the re-analysis. The outcome of the control analysis suggests
that of the three age groups, only the 14- to 16-month-olds were able to
discriminate the length contrast. The re-analysis demonstrates that not
only the oldest but also the middle age group succeeded in discriminating the
length contrast and for the main analysis it was speculated that none of the
three age groups recognised the contrast. Thus, the combined results suggest
that German 6- to 8-month-olds fail to discriminate the CD distinction. For
the 10- to 12-month-olds and the 14- to 16-month-olds, the results look
incompatible only at a first glance. Consider the oldest age group at first.
The control analysis (cf. figure 7.10, p. 192) and the re-analysis (cf. figure 7.7,
p. 186) both reveal a very significant diﬀerence in looking times during the
two relevant trials. As already mentioned in the discussions of the previous
analyses and as figure 7.5 (p. 182) indicates, in the main analysis there is a
clear tendency for 14- to 16-month-olds to look longer to the ‘switch’ than
to the ‘same’ trial, although, statistically, the diﬀerence is not significant.
With regard to the enhancing eﬀect of the re-analysis, which could also be
observed in the ACT results of the control analysis, it appears to be plausible
to assume that 14- to 16-month-old German infants are able to discriminate
the CD contrast. It is assumed that the traditional way of analysis was too
weak to bring this eﬀect to light.
For the middle age group, the data seem to be more ambiguous. As can
be seen from figure 7.10 (p. 192), in the experimental group that assesses 10to 12-month-olds’ perception of the CD contrast there is a (non-significant)
tendency that infants look longer to the ‘switch’ (T1) than to the final habituation trial. It could be argued that this tendency in principle supports
the results of the re-analysis, which suggest successful discrimination of the
length distinction (cf. figure 7.7, p. 186). The fact that in the control analysis
there is only a tendency and not a reliable eﬀect as in the re-analysis could
be attributed to the reduced number of subjects in the present evaluation.
On the other hand, the results of the main analysis (cf. figure 7.5, p. 182)
suggest that German infants aged 10 to 12 months were not sensitive to the
non-native CD contrast and there is no significant eﬀect in the control analysis either. Beyond that, a closer look at figure 7.9 (p. 191) reveals that a
tendency to longer looking times to the first test trial as opposed to the final
habituation trial is not only apparent in the experimental group (cf. figure
7.10, p. 192) but also in the control group (cf. figure 7.11, p. 193) for 10to 12-month-olds’ CD-perception, revealing a non-significant attentional increment within two identical trials. The similar looking behaviours in the
experimental group and in the control group suggest that the tendency in
the experimental group should be treated with caution (also cf. Polka et al.
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1995). Consequently, no firm conclusion can be drawn regarding German
10- to 12-month-olds’ capacity to discriminate the non-native length contrast. Summarising, no eﬀect could be observed in the main analysis. The
re-analysis, assumed to be able to disclose formerly invisible eﬀects, suggests
successful discrimination. The results of the control analysis are ambiguous.
Against this background it seems plausible to assume that there is some
kind of eﬀect for German 10- to 12-month-olds’ perception of the CD contrast – albeit a rather weak one. It might be hypothesised that, considering
the looking behaviour across all three kinds of analyses, 10- to 12-month-old
German infants are only about to acquire a sensitivity to length-contrast
discrimination and are still unstable in their discrimination skills.

7.3

Overall Discussion

Considering all the findings obtained in Experiment 2, the threefold analysis
of the data suggests a synthesised perception pattern for German infants’
perception of laryngeal and length contrasts, which is presented in table 7.6.
The data converge to suggest that German infants aged 6 to 8 and 10 to
12 months are able to discriminate a laryngeal contrast that is of phonemic
relevance in their mother tongue. The same ACT contrast is not recognised
by German 14- to 16-month-olds. Regarding CD, the present experiment
demonstrates that German infants between 6 and 8 months of age failed
to distinguish the contrast which is not of primary phonemic relevance in
their native consonant inventory. Regardless, older German infants seem to
become sensitive to the length distinction. The ability to discriminate labial
stops varying in CD is clearly evident in the 14- to 16-month-olds’ and in a
less stable form also in the 10- to 12-month-olds’ perception.

ACT
CD

6-8M
�
×

10-12M
�
(�)

14-16M
×
�

Table 7.6: Synthesised perception pattern of German infants’ discrimination
skills concerning a laryngeal and a length contrast.

Before exploring these findings in detail, some remarks are due concerning
the methodology. From Experiment 1 it could already be seen that the
re-analysis and the control analysis introduced in section 6.3.1 are able to
enhance eﬀects found in the traditional way of analysing data collected with
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the Switch Procedure. The usefulness of the two new analyses becomes more
explicit in Experiment 2, where the extended examination of the data did
not only provide more and stronger support for a given eﬀect (compare the
eﬀect of trial in the main analysis as opposed to the re-analysis) but instead
brought new eﬀects to light. Regarding the present data, the re-analysis
disclosed an eﬀect for which not even a suggestive tendency was discernible
in the main analysis in the case of 10- to 12-month-olds’ perception of the CD
contrast. Similarly, 14- to 16-month-olds’ ability to discriminate the length
contrast was revealed only by the re-analysis and the control analysis. In
view of these findings the question arises whether the Switch Procedure in its
traditional form (with two test orders and a comparison between two test
trials) is capable to reliably lay open young infants’ discrimination skills,
especially when the contrasts in question consist of very similar stimuli. On
the grounds of the present findings it is proposed that data gathered by
the Switch Procedure should be extensively examined by running a re- and
a control analysis in addition to the traditional evaluation of the looking
times to the ‘switch’ and the ‘same’ trial so that existent eﬀects may not be
overlooked.
With respect to infants’ discrimination skills concerning ACT and CD
contrasts, it has become evident in the previous discussions that the results
obtained in Experiment 2 are only partially in line with the predictions
devised in section 7.1. For reasons of simplicity, the expectations for German
infants’ perception of the laryngeal and the length contrast and the actual
findings are repeated in table 7.7.

ACT (native)
CD (non-native)

Prediction
Results
Prediction
Results

6-8M
�
�
�
×
×

10-12M
�
�
×
×
(�)

14-16M
�
×
×
×
�

(Option 1)
(Option 2)

Table 7.7: Predictions for German infants’ perception of a native laryngeal
contrast and a non-native length contrast and the actual results yielded by
Experiment 2.
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German Infants’ Perception of the ACT Contrast

It was expected that German infants of all three age groups would succeed
in discriminating a labial stop with an ACT of 15 ms from one with an
ACT of 35 ms. This prediction was based on two principal arguments. First
of all, numerous studies suggest that the short lag/long lag opposition in
oral stops is a discriminable contrast for perceptually prephonemic infants,
independent of the language that is to become the native language later in
life (see chapter 4 and section 7.1). Thus, German 6- to 8-month-olds were
expected to have no diﬃculties in discriminating the laryngeal contrast in
the present test. This prediction was met in Experiment 2, providing more
support for the assumption that the short lag/long lag contrast is universally
discriminable in the first half year of life. Secondly, it was assumed that
perception tunes in to the phonemes of the mother tongue in the second
half of the first year of life. Since the pilot perception test in section 5.3
demonstrated that the two stops chosen for the infant test stimuli belong
to two diﬀerent German phoneme categories, it was expected that German
infants aged 10 to 12 months and older – that is, infants whose perception
has already adapted to the native phoneme inventory – would not lose the
ability to distinguish the laryngeal contrast. The results of Experiment 2
revealed that this prediction was borne out only for the 10- to 12-montholds, whereas the oldest German infants did not react to the ACT contrast,
contrary to the expectations. Thus, a first crucial question that is raised by
the outcome of the present experiment is why 14- to 16-month-old German
infants failed to discriminate the native laryngeal contrast.
To begin with, methodological errors relating to the Switch Procedure
per se can be ruled out as Experiment 1 demonstrates that the method is
appropriate to reliably assess infants’ contrast discrimination skills. Furthermore, it is improbable that the reason for 14- to 16-month-olds’ failure
to discriminate the laryngeal contrast could be found in the stimuli used in
Experiment 2. Although an ACT diﬀerence of 20 ms between the two kinds
of stops is very small, the pilot perception test with adults showed that the
two phones clearly are representatives of two distinct stop categories /b/
and /p/ in German. Nonetheless, regarding the fact that all stimuli were
created from originally aspirated stops, which were manipulated only with
respect to ACT and CD, it might be presumed that other cues besides ACT
may have influenced perception. To be more precise, it might be argued
that those stimuli with a short voicing lag still carried some ‘tense’ information. Or, conversely, the relatively short CD of 80 ms for both the short-lag
and the long-lag items might be suspected to bias perception in favour of
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persistently lax stops.10 However, as has been shown in chapter 2, ACT is a
particularly strong cue that is assumed to override ambiguous information
in the burst or in the closure phase. This has been made explicit by Steriade (1997:10), who attests that ACT, or more generally, onset cues, have
primacy over oﬀset cues as well as over the combination of oﬀset cues and
internal cues “in the sense that they may determine the categorisation of
the segment in the presence of conflicting information”.11 A further onset
cue in Steriade’s sense might be seen in formant transitions at the beginning
of the following vowel. As Stevens & Klatt (1974) explain, this cue works
asymmetrically. The presence of a rapid spectrum change at the onset of
voicing is an indicator for a short release duration (which fails to cover the
spectrum change). However, the absence of a spectral change at the onset of
voicing is not necessarily due to a long voicing lag. Since the original bases
for the stimuli of the present experiment were produced with pronounced
aspiration, any potential formant transitions must be assumed to fall into
the long voicing lag (imperceptible, masked by aspiration noise), thus being
absent at the onset of the following vowel. The absence of formant transitions is not a cue and thus cannot be responsible for a biased perception of
the stimuli in the present experiment.
It is true that the values chosen for the infant test are very close to
the category boundary (assumed to be located between 15 ms and 20 ms for
German pretonic labial stops, cf. section 5.3 and also chapter 8). It might
be hypothesised that infants’ phonemic perception is not yet as stable as
that of adults’, with early boundaries being not as clear-cut as adults’ but
with broader ‘ambiguous regions’ between categories instead. Consider in
this respect that many of the previous studies that employed the Switch
Procedure to investigate infants’ discrimination (and word-learning) skills
used naturally produced stimuli that were not controlled for their precise
phonetic properties (e.g., Stager & Werker 1997; Werker et al. 1998a; Werker
et al. 2002; Fennell & Werker 2003; Fennell & Werker 2004; Pater et al. 2004).
Presumably, the contrasts in those studies included multiple cues and were
more distinct than the minimal, precisely controlled contrasts in the present
investigation. Consequently, it could be argued that the two minimally
10

Recall that the mean CD values in the pilot production test on German pretonic
labial stops were 93.9 ms for lax stops and 102.4 ms for the tense ones (cf. section 5.2).
Nonetheless, variation for both categories was large and a CD value of 80 ms can be found
in both tense and lax stops in German.
11
Steriade (1997) defines onset cues as those cues to laryngeal quality that appear at
the onset of voicing, that is at the beginning of the following segment. ACT (VOT in
Steriade’s terms) is an onset cue. CD, by contrast, is classified as a stop-internal cue.
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diﬀering phones in Experiment 2 fell into a region that is ambiguous for
infants, rendering phoneme discrimination diﬃcult. Overall, the phonetic
arguments listed here cannot provide a simple satisfactory explanation for
14- to 16-month-olds’ failure to discriminate the native laryngeal contrast.
As it is assumed that speech sound discrimination is more or less the same for
10- to 12-month-olds as for 14- to 16-month-olds, namely a language-specific
perception along the lines of the native phoneme inventory, as suggested by
PAM (e.g., Best et al. 1988; Best & McRoberts 2003), it is unclear why 10to 12-month-olds discriminated the minimal contrast successfully whereas
the oldest participants did not. Therefore, the ‘stimuli argument’ seems to
be a rather unlikely explanation.
An argument that follows the same logic pertains to the medial position
of the stops. Most other experiments on infants’ phonetic discrimination
skills present the contrast in question in absolute initial position (see the
various studies mentioned in chapter 4). Also, perception literature suggests that speech sounds are perceived best in initial position (e.g., Cole
et al. 1978). This is also known for infant speech perception, as shown, for
example, by Zamuner (2006). She found that Dutch infants detect laryngeal
and PoA diﬀerences in initial position at 10 months of age, but they do not
discriminate these contrasts word-finally before the age of 16 months. A
similar prominence of syllable-initial positions is proposed in Jusczyk et al.
(1999a) for American English 9-month-olds. In the present experiment, the
stops had to occur in medial position, in order to make the CD cue perceptible.12 Crucially, if the fact that the stops were presented in medial
position had impeded contrast discrimination in Experiment 2, then 10- to
12-month-olds should have had diﬃculties to distinguish the contrast as well.
Since this was not the case, the ‘context argument’ has to be rejected like
the ‘stimuli argument’ elaborated on above.
Ruling out a general methodological failure of the Switch Procedure as
well as issues pertaining to the stimuli, leads to the inference that the reason
for the oldest infants’ inability to detect the ACT contrast in the present
experiment must be related to this particular age – or rather developmental
level. Apparently, the results suggest that the 14- to 16-month-old German infants ‘unlearned’ to discriminate a contrast that is relevant for their
mother tongue. At first glance, this finding is reminiscent of Canadian En12
But note that the stops were presented in pretonic position and following schwa,
being thus comparable to a word-initial but phrase-internal environment as in the phrases
examined in the pilot production study (section 5.2). Thus, although salience might be
even higher in absolute initial position, the pretonic context is assumed to provide a more
salient context than medial posttonic or word-final position.
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glish 14-month-olds’ failure to discriminate a native consonant contrast (e.g.,
Stager & Werker 1997; Werker et al. 2002; Pater et al. 2004). These studies
suggest that 14 months is indeed a critical age in which infants are prone
to neglect fine phonetic detail. Yet, as has become apparent also in section
4.5, 14-month-olds’ failure to distinguish native contrasts as reported in the
literature is observed only when the infants are engaged in a word-learning
task, but not if the task requires purely phonetic discrimination skills. The
present experiment was clearly set up as a discrimination task. In order
to avoid that infants become engaged in word learning during the test, a
checkerboard pattern instead of an object was chosen as visual stimulus.
Thus, 14- to 16-month-olds’ inability to discriminate the [p]–[ph ] contrast
cannot be explained by excessive task demands due to word learning and
the question remains: Why would German 14- to 16-month-olds fail to discriminate a native contrast which 10- to 12-month-olds distinguish reliably?
For a tentative explanation recall that the laryngeal contrast under investigation in the present experiment is tiny. For the stimuli, naturally
produced tense stops were digitally manipulated to diﬀer in one parameter
only (ACT) and additionally at a very small distance (20 ms). Although
chapters 2 and 5 demonstrated that ACT is the primary phonetic correlate
for the German tense/lax opposition in production and perception, laryngeal
stop contrasts in naturally spoken speech are assumed to contain multiple
(secondary) cues. Furthermore, the pilot production study (section 5.2)
and production data, for example, by Braunschweiler (1997:363) and Jessen
(1998:86) show that the mean distance of ACT between lax and tense stops
in German is larger than 20 ms (around 40 ms to 50 ms). Thus, the participants in the present study were confronted with a rather challenging task.
Narayan et al. (2010:408) point out a similarly discrepant finding regarding
a vowel contrast. In particular, they refer to the findings by Polka & Bohn
(1996) and by Polka & Werker (1994). Both studies tested Canadian English 6- to 8-month-old infants’ ability to discriminate the non-native vowel
contrast /y/–/u/ (a phonemic contrast in German but not in English). In
Polka & Werker’s (1994) study, in which the formant diﬀerences between
the two vowels /y/ and /u/ were relatively small, the infants failed to notice
the contrast. The distance between the /y/- and /u/-stimuli in Polka &
Bohn’s (1996) study was larger and the authors report successful discrimination. These findings provide support for the assumption that the acoustic
distance of stimulus pairs may essentially aﬀect infants’ speech sound discrimination performance, even if the phonemic status of the stimuli remains
unchanged. In order to account for the seemingly discrepant finding in Experiment 2 that 10- to 12-month-olds are able to discriminate the minimal
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laryngeal contrast whereas 14- to 16-month-olds fail, an argument that was
rejected above shall be taken into consideration again. It could be argued
that the older infants’ phoneme categories are less clear-cut than those of
the younger infants and therefore 14- to 16-month-olds have more diﬃculties
in discriminating the minimal contrast than 10- to 12-month-olds. But why
would 14- to 16-month-olds’ categories diﬀer from 10- to 12-month-olds’ ?
7.3.1.1

A Tentative Explanation

In section 4.5, Pierrehumbert’s (2001, 2003) exemplar-theoretic model of category acquisition was introduced. The approach proposes that a phoneme
category consists of a cluster of tokens with similar phonetic properties. The
cluster is subsumed under an abstract category label and – crucially – each
category is constantly updated by encoding the current input. Consider
now that the second year of life is the time when infants start speaking
themselves (although some first words may be uttered even before the first
birthday). However, these early productions are not yet adult-like. Regarding laryngeal contrasts in particular, Macken & Barton (1980) show
that in the early stages of word production 18-month-old toddlers acquiring
American English do not make tense/lax contrasts at all and that the first
laryngeal contrasts made by the young language learners somewhat later
fall within the adult short-lag category. At a next step, children produce
laryngeal contrasts with consistently higher ACT values than measured in
adult productions. Only at an age of approximately two years, American
English children produce adult-like laryngeal contrasts. Kehoe et al. (2004)
report that the production of laryngeal contrasts by children from a German language background is comparable to the development observed for
English-learning children. Adult-like mastery of lead contrasts as present
in the voice languages is observed to be acquired even later, around three
years of age (e.g., Kager et al. 2007; van der Feest 2007 for children acquiring Dutch). Against the background of these findings, children’s realisations
of tense and lax targets in the first half of the second year of life must be
considered to be far from adult-like. Within Pierrehumbert’s (2001, 2003)
exemplar-theoretic approach it can be assumed that children’s own productions contribute to category formation.13 Consequently, young children’s
own words are supposed to influence the existent categories as they were
established so far, leading to more overlap between tense and lax stops.
13

This train of thought was inspired by Marilyn Vihman (p.c.). In her theory of
template-based phonological acquisition she suggests that children’s self-perception plays
a vital role in the emergence of phonological categories (cf. Menn & Vihman 2011).
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An additional source of increasing input variation in 14- to 16-montholds’ input as opposed to the input received by 10- to 12-month-olds might
be seen in the fact that with increasing age, children are exposed to more
speaker variation. During the first year of life, infants usually spend most
of their time with their parents. When they become older, contact to other
people becomes more frequent, for example, in day-care centres.14 This
intuitive assumption can be supported by having another look at the data.
Caregivers in the present experiment were asked to fill out a questionnaire
on their child’s language background including some information on the
child’s daily routine (see appendix G). An evaluation of these data shows
that in both younger age groups, 15 of 32 infants, respectively, had some
regular activities outside of their homes. Yet, in many cases this activity
was specified as ‘baby swimming’, an event that consists of parent-child
interaction for the most part. For the 14- to 16-month-olds, however, 25 of
32 caregivers indicated that their child attends a day-care centre or similar
institution regularly. Thus, the clear pattern of contrast infants are used to
through their parents’ way of speaking might become somewhat disordered
due to more input variation. Note that the increasing speaker variation
is assumed to be caused not only by adults. When children begin to speak
and also when they start walking/moving independently15 , they increasingly
interact with other children who might not yet produce adult-like ACT
contrasts either, thus providing even more variation.
A consequence of such an increase in variation at 14 to 16 months of
age, triggered by children’s own productions as well as by input from others,
would be a – temporary – blurring of the category boundaries as they were
in place at the age of 10 to 12 months. This ‘phase of confusion’ is assumed
to cover only a short period in time until children have acquired a suﬃcient
amount of experience to obtain exemplar distributions with receding overlap
and based on which two distinct phoneme categories can be distinguished.
With respect to the exemplar-theoretic approach to language acquisition
Pierrehumbert (2003:132) makes the following remark:
“The approach also explains how categories can continue to evolve and
sharpen for a long time after they are first initiated. Through incremental experience, listeners acquire more and more accurate estimates
of both the center of any given category distribution and the behavior
of the tails of the distribution. This leads to more and more adult-like
boundaries and patterns of variation.”
14

Thanks to Carlos Gussenhoven for bringing up this idea.
Normally developing children usually make their first steps around their first birthday
(see, e.g., O’Grady 2005).
15
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Note that the present argumentation does not necessarily imply that 14- to
16-month-olds generally fail to discriminate native phoneme contrasts. As
has been made explicit before, there are several studies which show that 14month-olds reliably distinguish native phoneme contrasts in discrimination
tasks comparable to the present one (e.g., Stager & Werker 1997; AltvaterMackensen & Fikkert 2010; Fikkert 2010). The German 14- to 16-montholds’ insensitivity to the ACT contrast presented in Experiment 2 might be
due to the fact that the contrast is minimal and presumably rather untypical
in natural speech.
For the time being, the ‘exemplar-theoretic variation explanation’ oﬀered
here has to remain hypothetical. Further research is needed to verify whether
14- to 16-month-olds’ discrimination skills regarding native phoneme categories are indeed aﬀected by increasing variation. So far, there are only few
data available on speech sound discrimination in the second year of life (as
opposed to phoneme distinction in word learning). Yet a study by Burns
et al. (2007) seems to be supportive for the present argumentation. They
find that Canadian English 10- to 12-month-olds succeed in discriminating a
native laryngeal contrast (ACT 28 ms vs. 48 ms), whereas 14- to 20-monthold children just miss the level of significance for successful discrimination.16
Even if the weaker eﬀect at 14 to 20 months might partially be due to a small
sample size (8 subjects aged 14 to 20 months as opposed to 14 subjects aged
10 to 12 months), their results are noteworthy and might be indicative of
a reduced discrimination ability in the second year of life, similar to the
present data. (After all, the authors obtain clearly significant data with 10
subjects in an experiment with 6- to 8-month-olds.)
In sum, the suggested explanation for 14- to 16-month-olds’ failure to
discriminate a native laryngeal contrast in Experiment 2 is based on the assumption that speaker variation from diﬀerent sources leads to a temporary
‘phase of confusion’ in which category boundaries are not as clear-cut as
adults’ and not as sharp as they are at the end of the first year of life when
the main source for infants’ input are the parents (or few other caregivers).
The usage-based approach of exemplar theory, with its assumption of persistent input-dependent category updates, as suggested by Pierrehumbert
(2001, 2003), provides the theoretical background. It was said before that
the proposed account is speculative and calls for further investigation. As
will be seen below, the findings regarding Swiss German infants’ perception
of laryngeal and length contrasts presented in chapter 9 will oﬀer at least
16

Burns et al. (2007) still interpret the finding as evidence that at 14 to 20 months
language-specific discrimination has emerged (starting already at 10 to 12 months).
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some supporting insights. Next, however, the discussion of the outcome of
Experiment 2 shall be continued with regard to German infants’ perception
of the CD contrast.

7.3.2

German Infants’ Perception of the CD Contrast

As can be seen in table 7.7 (p. 197), the perception pattern found in Experiment 2 complies with neither one of the two potential patterns predicted for
German infants’ perception of the length contrast. For the first option, it was
assumed that infants in their first months of life are particularly sensitive to
numerous small speech contrasts irrespective of their phonemic relevance in
the ambient language. With German 6- to 8-month-olds’ failure to discriminate the stops diﬀering in CD it becomes clear that the length contrast does
not belong to those contrasts that are discriminable from birth. Of course,
since the youngest subjects in the present investigation were 6 months old,
it cannot be claimed for sure that younger German infants would have failed
to discriminate the contrast, too. However, in the face of other studies which
suggest that some contrasts are distinguished only with a certain amount
of linguistic experience (e.g., Polka et al. 2001; Narayan et al. 2010), and
given that the older infants in the present experiment succeeded in discriminating the contrast, it seems plausible to assume that the length contrast
is not a contrast that infants are sensitive to from the very beginning. In
order to obtain more evidence for this hypothesis, more insights into the
early perception of consonantal length contrasts is needed, most notably by
infants whose mother tongue employs such a contrast phonemically, that is,
by Swiss German infants (see chapter 9).
Regarding the older infants’ perception behaviour, both predicted options assumed that 10- to 12-month-old and 14- to 16-month-old German
infants would not be able to discriminate the length contrast. The rationale
behind this assumption was that CD is not a phonemically relevant cue in
German (as shown for production and perception in the pilot tests in chapter 5) and thus was expected to be disregarded by infants who have already
started perceiving speech in a language-specific, phonemic way. With regard
to PAM (see section 4.2.1), the Swiss German length contrast was assumed
to belong to the SC-type of non-native contrasts for German listeners. Both
the singleton and the geminate were expected to be assimilated to the same
German phoneme category. However, the present experiment revealed that
German 14- to 16-month-olds reliably distinguish the stops diﬀering in CD
and that the 10- to 12-month-olds also seem to become sensitive to the contrast. These findings suggest that German infants learn to discriminate the
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CD contrast, a distinction built on a phonetic cue that is at most of secondary relevance for the German stop contrast. Sticking to PAM, it could
be argued that the Swiss German length contrast is not a SC-contrast for
German infants but rather a CG-contrast, that is, both phones are mapped
to the same category, but still the contrast is noticed since one of its members is recognised as a better representative of the native category – as more
prototypical – than the other one. Consider in this respect that the pilot
test (section 5.2) suggests that both CD values in the infant test (80 ms and
120 ms) are found in productions of both tense and lax labial stops in German. Both the singleton and the geminate in Experiment 2 had an ACT of
15 ms, a value that mostly refers to the German lax category in production
and perception (cf. chapter 5). Accordingly, it is plausible to hypothesise
that both the singleton and the geminate in the present experiment were
perceived as lax labial stops. Consider now that the mean CD of lax stops in
German productions was 93.92 ms (see table 5.2, p. 120) and 120 ms seems
to be an untypically long CD for German lax labial stops.17 Consequently,
it may be hypothesised that the CD contrast was discriminated by German
10- to 12- and 14- to 16-month-olds since they perceived the singleton as
a better representative of their lax category than the geminate with the
unusually long closure phase.
Summarising the findings on German infants’ perception of the length
contrast so far, the following picture emerges. At the very beginning, German infants are apparently unable to discriminate long and short stops.
Then, probably starting around 10 to 12 months of age, there is a phase
where they succeed to do so. And some time between 14 to 16 months of
age and adulthood they seem to lose this skill again, as perception tests with
German adults suggest (cf. section 5.3).18 Thus, in addition to the question
why German 14- to 16-month-olds failed to discriminate a native laryngeal
contrast, the second crucial question posed by the outcome of Experiment
2 is why German infants become sensitive to a phonetic contrast that (at
least on its own) bears no phonemic importance in the language they are
learning and which is not reliably discriminated by German adults. Given
that the discriminative capacity for CD seems not to be present anyway
in the first months of life and ACT provides a strong cue for the German
tense/lax opposition, why, in the first place, should German infants develop
a sensitivity to CD diﬀerences?
17

See also section 8.2 and Braunschweiler 1997 for supportive data.
Note, though, that the experiments conducted with adults on the one hand and infants
on the other hand diﬀered in the respective methods employed.
18
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In search of an explanation for this unpredicted finding, it was once
more considered whether the stimuli used in the experiment might have
been inappropriate. Apart from the fact that German adults had in general
severe diﬃculties in categorising stops diﬀering in CD, the pilot perception
test (section 5.3) suggested that both stops in Experiment 2, the short one
with a CD of 80 ms and the long one with a 120 ms-CD, were in a most
ambiguous region (around chance level, between 40% and 60%) for German
adults (cf. figure 5.10, p. 139). Similarly, the production study (section 5.2)
revealed that both CD values might be found in lax and in tense labial stops
in German. Hence, it seems safe to assume that diﬀerences in CD, and in
particular the values chosen for the present infant test, are not useful as
a cue for German stop distinction. Nonetheless, to ascertain that CD is
not exploited for phoneme distinction in the infants’ direct environment, a
further perception experiment tested the parents of the infants participating
in Experiment 2 on their ability to categorise stops diﬀering in either ACT
or CD (see chapter 8).
7.3.2.1

Segmentation instead of discrimination?

A diﬀerent line of reasoning relates to word segmentation and requires a
small excursus into that field of language acquisition.19 Although the present
experiment is clearly not appropriate to assess infants’ speech segmentation capabilities, it cannot be excluded that the infants participating in the
present test were engaged in other cognitive tasks besides pure contrast
discrimination.
It is assumed that infants start to systematically extract single words or
sound sequences from the speech stream in the second half of the first year
of life (also cf. Jusczyk 1997 for an overview). A perceptual phenomenon
that has proven helpful in this task is infants’ preference for the predominant
stress pattern of the language they are learning.20 A preference for the prevalent trochaic pattern has been shown to be present in English 7.5-month-old
infants (Jusczyk et al. 1999c) but not yet in English 6-month-olds (Jusczyk
et al. 1993a). Similarly, though somewhat earlier, German infants aged 6
months, but not younger ones aged 4 months, prefer trochaic over iambic
19

This approach was inspired by Paula Fikkert.
This claim pertains to infants acquiring a stress-timed language like English, German
or Dutch. Most research has been conducted with English infants, but given the structural
similarities of English and German it is assumed that the principal steps infants take on
their way to eﬀective speech segmentation are the same in German. Infants learning a language with other prosodic properties (e.g., syllable-timed French or mora-timed Japanese)
are assumed to take other approaches to segmentation (see, e.g., Nazzi & Ramus 2003).
20

208

7 German Infants’ Perception of Stop Contrasts

words (Höhle et al. 2007). This preference is systematically exploited some
months later when infants start to divide the speech stream into smaller
units (e.g., Jusczyk et al. 1993a; Morgan 1996; Echols et al. 1997; Mattys
et al. 1999). Specifically, from around 9 months of age, infants acquiring
a trochaic language like English or German seem to apply an approach to
speech segmentation that was introduced as the metrical segmentation strategy by Cutler & Norris (1988). According to this strategy, listeners might
assume that a strong syllable in the speech stream marks the onset of a new
word – consistent with the predominantly trochaic structure of their language. Other cues that help in identifying word boundaries are phonotactic
regularities of a particular language. As the studies by Jusczyk et al. (1993a)
and Friederici & Wessels (1993) suggest, infants become sensitive to nativelanguage phonotactics at around 9 months of age. However, at this age,
prosody (i.e., the location of the stressed syllable) is still more influential
than phonotactics, a dominance that gets visible in case of conflict where
prosody overrides phonotactic cues (Mattys et al. 1999). Only few weeks
later, at the age of approximately 10.5 to 11 months, infants are assumed
to have made another step forward in their speech segmentation proficiency.
It has been shown that now they do not only detect trochaic word forms
in fluent speech but also iambic patterns (e.g., Myers et al. 1996; Jusczyk
et al. 1999c), which led Jusczyk (1997) to the conclusion that now the location of the stressed syllable is no longer the only cue for detecting word
onsets. Similarly, referring to infants’ perception of rhythmical and segmental aspects of language, Werker & Tees (1999:530) note that the “ability to
coordinate two or more sources of information emerges for the first time at
approximately 9 or 10 months of age [. . . ]”.
Besides the phonotactic and prosodic cues, the distribution of allophones
might be used to determine word boundaries, an assumption that is of vital importance for the present train of thought. In a series of experiments
with 9-month-old and 10.5-month-old American English infants, Jusczyk
et al. (1999b) investigate whether the allophonic diﬀerences that are found
in the words ‘night rate’ as opposed to ‘nitrate’ could be exploited as segmentation cues.21 The authors find that infants aged 10.5 months use the
allophonic cue as a means to word segmentation whereas the 9-month-olds
do not. It should be pointed out that the experiments conducted by Jusczyk
et al. (1999b) were explicitly devised to assess infants’ word segmentation
skills (via the HTPP). In a previous investigation, Hohne & Jusczyk (1994)
21

The /tr/ cluster in the two items diﬀers in that the /t/ is retroflexed and the /r/ is
devoiced in ‘nitrate’ [úr] but not in ‘night rate’ [tr].
˚
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demonstrate that English-learning 2-month-olds succeed in simply discriminating the same contrast (‘night rate’ vs. ‘nitrate’) in a HAS procedure.
The insights obtained from previous studies on word segmentation might
be conveyed to the present findings. To be more precise, it could be hypothesised that in Experiment 2 the two older age groups of German infants
diﬀered from the youngest age group in their treatment of the auditory
stimuli. While the 6- to 8-month-olds were supposedly listening to the VCV
sequences just as they are, without searching for a ‘deeper meaning’ in them,
the ‘advanced language learners’, aged 10 to 12 and 14 to 16 months, might
have tried to extract word segmentation cues from the speech signal, whether
required by the task or not. Being 10 months and older, it is expected that
these infants do not exclusively rely on the metrical segmentation strategy
to identify word boundaries but that they are already able to make use of
other information in the speech signal, for example, allophonic distributions.
It is conceivable that CD varies systematically in German depending on
whether a stop occurs word-internally or in word-initial position. So far,
it has been shown that in German CD values might diﬀer significantly depending on phoneme category. Braunschweiler (1997:363) reports slightly
longer CDs for tense than for lax word-medial posttonic stops. As said in
chapter 2, CD seems to support the distinction of tense and lax stops in
German only in word-internal but not in word-initial position (e.g., Kohler
1984; Kuzla & Ernestus 2007). It is unclear, however, whether word-initial
CDs diﬀer systematically from word-medial CDs. If this were the case and
if the two older age groups in their perception of speech pay attention to
allophonic word boundary cues while the younger ones do not, this could
explain why German 10- to 12- and 14- to 16-month-olds responded to the
CD contrast in Experiment 2 as opposed to the 6- to 8-month-olds, who did
not react to the stimulus change. Such an explanation would imply that for
the older infants, one of the two VCV sequences would be perceived to be
cohesive (e.g., [@pa]ω ) while the other one would be taken to contain a word
boundary (e.g., @[p:a]ω ).22 A similar thought can be found in Pierrehumbert’s (2003) discussion of the findings by Mattys et al. (1999). The latter
ones report that 9-month-olds are sensitive to word boundaries based on the
statistic probability of whether consonant clusters were more likely to occur
within words or at a word boundary. Pierrehumbert (2003:145) suggests a
diﬀerent interpretation of the data:
22

For the 6- to 8-month-olds it can still be assumed that CD is a diﬃcult cue to distinguish that is not discriminable from birth – as opposed to the allophonic distinctions
discriminated by infants in their first months of life in Hohne & Jusczyk’s (1994) study.
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“An alternative possibility is that the adult speakers who recorded
the stimuli perceived word boundaries in relation to type statistics,
and that the infants were sensitive to these boundaries in the duration
and formant structure. If so, the experiment speaks yet again to the
exquisite sensitivity of infants to the phonetic distributions used to
implement the adult lexicon.”

Against the background of these considerations, a further experiment was
devised that examined adults’ productions of words containing stops in initial and in medial positions on the respective CD values of these stops (see
section 8.2). The insights gathered in that investigation could be used to
either support or abandon the hypothesis that older infants in Experiment 2
were sensitive to CD as a word-boundary cue and thus recognised the length
contrast while the youngest ones did not.

7.3.3

Summary

Experiment 2 on infants’ perception of a native laryngeal and a non-native
length contrast in labial pretonic stops has shown that 6- to 8-month-old
and 10- to 12-month-old German infants succeed in discriminating an ACT
contrast of 15 ms versus 35 ms, while 14- to 16-month-olds did not respond
to the same distinction. Furthermore, 6- to 8-month-old German infants did
not discriminate a CD contrast of 80 ms versus 120 ms, whereas both 10- to
12-month-olds and 14- to 16-month-olds did. The findings partly support insights from previous studies on infants’ perception of laryngeal contrasts and
contribute to the scarce developmental data available on infants’ discrimination skills regarding consonantal length contrasts. Yet, not all expectations
formulated in section 7.1 were met. The partially unpredicted results raised
two crucial questions. First, it is unclear why 14- to 16-month-old infants
learning German failed to discriminate the native phonemic laryngeal contrast. Second, it was unexpected that German-learning 10- to 12- and 14- to
16-month-olds succeeded in discriminating the length contrast, given that
it is not relevant for phoneme distinction in German and that, additionally,
German adults failed to categorically distinguish long and short stops. In
order to obtain more insights into stop production and perception in German that could be related to the infant data, the following chapter presents
two additional experiments that were conducted with adults. A perception
experiment with the infants’ parents (section 8.1) confirms the appropriate
selection of the infant stimuli and a production study (section 8.2) more
comprehensive than the pilot test (section 5.2) provides statistically evaluable data regarding the occurrence of ACT and CD in German stops.

Chapter 8

German Adults’
Perception and Production
of Stop Contrasts
The partially unpredicted results regarding German infants’ stop perception presented in the preceding chapter led to a renewed examination of
the phonetic properties of the German tense/lax contrast. Two additional
experiments with German adults were undertaken to contribute to the understanding of infants’ perception behaviour. Experiment 3, presented in
section 8.1, once more examines adults’ perception of laryngeal and length
contrasts. Specifically, it investigates the perception behaviour of the German infants’ parents. Thereby it will be clarified whether the ACT stimuli used in the infant test were appropriate representatives of two distinct
phoneme categories in the perception of the parents of these infants. Moreover, the test will show whether the German parents are able to distinguish
stops diﬀering in CD and thus, whether the 10- to 12- and 14- to 16-monthold infants are actually better than their parents in discriminating a length
contrast. With considerably more participants than in the pilot perception
test, the test of parents’ perception of ACT and CD contrasts additionally
provides more robust data regarding German adults’ categorisation skills.
As indicated already in section 7.3.2, a further production experiment
was conducted, which will be reported on in section 8.2. The aim of examining adult productions of words with medial and initial stops was to figure out
whether CD could be a cue to word segmentation in German. Being more
comprehensive than the pilot production study, this investigation oﬀers a
more complex picture of German pretonic stops.
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Experiment 3: German Parents’ Perception
of ACT and CD Contrasts

Although the construction of the stimuli for the infant test on ACT and CD
contrasts was based on the findings of the pilot perception test reported in
chapter 5, the unpredicted findings in Experiment 2 led to a renewed discussion of the appropriateness of those stimuli and the question was raised
whether the perception data collected in the pilot tests were precise enough
indicators of how laryngeal contrasts are perceived in the direct environment
(i.e., in the homes) of the infants who participated in Experiment 2. After
all, participants in the pilot tests were mostly students and it might be the
case that parents’ perception of the same contrasts was slightly diﬀerent.
Therefore, the same categorisation task that was conducted as a pilot test
was repeated with the parents of those children who participated in the infant tests. By this means it could be shown whether the parents’ phoneme
categories comply with the stimuli chosen to assess infants’ perception. More
precisely, the experiments were supposed to provide an idea about the ACT
value for the category boundary that separates voiceless unaspirated from
voiceless aspirated stops in German parents’ perception and besides whether
it is comparable to the value found in the pilot perception test. Furthermore, the additional perception experiment was expected to show whether
German parents – like the participants in the pilot perception test – fail to
distinguish stops diﬀering in CD or whether they succeed in discriminating the length contrast – like their children. A failure to distinguish long
and short stops would corroborate the claim that infants between 10 and 16
months learned to discriminate a contrast that they will disregard later on.
Successful discrimination of the length contrast by the German parents, on
the other hand, would provide an explanation for the older infants’ ability
to distinguish the CD contrast.

8.1.1
8.1.1.1

Method
Participants

200 adults from Konstanz and its surroundings, all native speakers of German, participated in the experiment. They came to the university with their
babies to participate in the infant tests.1 After completing the infant experi1

Note that infants were mostly accompanied by their mothers when visiting the Baby
Speech Lab. There are more parent subjects than infant subjects. Parent subjects include
also those adults whose infants had to be excluded as ‘drop-outs’. Furthermore, also those
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ment, parents were asked to take part in a short perception task themselves.
100 of them were tested on their ability to categorise stops diﬀering in ACT
(aged 21 to 46 years; 14 male) and 100 were tested on the categorisation of
stops with diﬀerent CD values (aged 21 to 42 years; 12 male). No hearing
deficiencies are reported.
8.1.1.2

Stimuli and Procedure

The stimuli in the parents’ categorisation task were the same as in the pilot
perception tests. Also, the procedure (a two-way forced choice categorisation
task) and apparatus were identical to the procedure and apparatus in the
pilot study, with the exception that the stimuli were not presented from
a laptop but from a stationary Macintosh computer (iMac, OS X 10.4.11,
2.16 GHz Intel Core 2 Duo, .wav-file played in Praat). Parents were tested
in a quiet room next to the Baby Speech Lab. For the test, they were asked
to decide whether they heard the beginning of the word Paar ‘couple’ or of
the word Bar ‘nightclub’ and to mark their choice by circling the respective
word on a form they had in front of them. While they completed the task,
an experimenter looked after the child.

8.1.2

Results

Figure 8.1 shows the pooled categorisation curves of German parents’ perception of labial stops diﬀering in ACT and in CD. Regarding the laryngeal
contrast, the results provide clear evidence for categorical perception, indicated by the s-shaped curve. Like in the pilot perception test, stops with an
ACT of 15 ms and less were predominantly categorised as lax /b/ while stops
with an ACT of 20 ms and more were mostly perceived as tense /p/. Thus,
the boundary that separates the two categories in the present V "V-context
is located between the ACT values of 15 ms and 20 ms.
Unlike the laryngeal contrasts, the length contrasts were not perceived
categorically by German parents. Instead of an s-shaped curve with a steep
slope in the boundary region, the curve for the perception of CD contrasts
rises steadily, suggesting a rather continuous (non-categorical) perception for
the length contrasts. Like in the pilot perception test, there was a tendency
that stops with a long closure phase were categorised as tense /p/ while
those with a shorter closure phase were more often perceived as lax /b/.
parents whose infants participated in the infant control test were tested on their perception
of either the ACT or the CD contrasts; and, if parents came as couples, both mother and
father were tested.

214

8 German Adults’ Stop Contrasts

But for any of the stops the perception curve reaches neither 0% nor 100%,
indicating that CD is not an unambiguous cue for German adults in the
distinction of two stop categories. Needless to say that in German adults’
perception of CD there is no such thing as a phoneme boundary.

Figure 8.1: Pooled categorisation curves of German parents’ perception of
stops diﬀering in ACT and CD.

8.1.3

Discussion

The results obtained by testing parents’ perception of ACT and CD contrasts
are very similar to those found in the pilot perception test. The curves in
the parent tests are more smoothed, an eﬀect that must be attributed to
the increased number of participants. The main findings of the pilot test
were replicated with the parents: German adults are able to categorise stops
on the basis of ACT, with a phoneme boundary located between 15 ms and
20 ms in the case of labial pretonic stops. CD contrasts, on the other hand,
are not perceived categorically by German adults, indicating that CD alone
is not a suﬃcient cue for the German stop contrast.
With regard to the infant stimuli, the data of parents’ perception do not
provide an explanation for the results in the infant tests. On the contrary,
the data reveal that the ACT stimuli in Experiment 2 (15 ms vs. 35 ms)
represent two diﬀerent phoneme categories in their parents’ phonology. Of
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course, having shown that the two stops as presented in the infant test belong to two distinct categories in the parents’ phoneme inventory does not
necessarily imply that this is also true for the children. As mentioned above,
it might be that the phoneme boundary of the oldest infants is located at a
diﬀerent region of the continuum than the parents’ boundary or that the infants’ boundary is not yet as clear-cut as adults’ due to an increase of speaker
variation in 14- to 16-month-olds’ input. At least, the present experiment
on parents’ perception of the ACT contrast provides further support for the
assumption that the failure of the oldest age group to discriminate the laryngeal contrast in Experiment 2 cannot be attributed to the use of stimuli
which are inappropriate to represent the German tense/lax opposition.
Concerning the length contrasts, the present results also resemble those
of the pilot test rather closely. Once more it was demonstrated that German
adults are not able to categorise stops with diﬀerent CD values according to
their native phoneme categories and that the values used in the infant tests
(80 ms vs. 120 ms) both fall into a region that is particularly ambiguous
for German adults. Like in the pilot perception test, /p/-perception for
both values is around 50%. Consequently, German-learning 10- to 12- and
14- to 16-month-old infants’ ability to discriminate the length contrast in
Experiment 2 cannot be explained by their parents’ perception skills.
In sum, Experiment 3 with infants’ parents replicated the results of the
pilot perception test with adults (section 5.3) with a larger sample, thus
corroborating the previous findings. Consequently, the present experiment
also provides more support for the appropriateness of the infant stimuli.
This, in turn, means that the reason for 14- to 16-month-olds’ failure to
discriminate the native laryngeal contrast and also the findings regarding
the non-native CD contrast are obviously not grounded in the phonetic
design of the stimuli but must be sought elsewhere. Regarding 14- to 16month-olds’ failure to discriminate the laryngeal contrast, a developmental
explanation was proposed (section 7.3) that relies on a temporary ‘phase of
confusion’ which is assumed to be triggered by increasing input variation.
The production study presented in the following section will oﬀer insights
as to whether CD could be used as a cue to word segmentation and thus
could provide an explanation for the CD results of Experiment 2.
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Experiment 4: German Adults’ Production
of Medial and Initial Stops

Since the results of Experiment 2 suggest that 10- to 12-month-old and 14to 16-month-old German infants are sensitive to a non-phonemic length contrast in stops, it was argued that this perceptual capacity might be connected
to the issue of word segmentation. As said already in chapter 4, one of the
main tasks in language acquisition at the end of the first year of life and at
the beginning of the second is word learning. In section 7.3 it was pointed
out that word learning implies not only associating particular objects (or
actions, feelings, etc.) with particular labels, but also recognising meaningful sound sequences in the speech stream. An advanced proficiency in
systematic word extraction from fluent speech was observed to start around
10.5 months of age (e.g., Jusczyk et al. 1999b; Jusczyk et al. 1999c). Thus,
the two older age groups who participated in Experiment 2 were exactly at
an age at which attention is presumably especially focused on single words
and word boundary detection. The present production study was conducted
in order to find out whether CD might serve as a cue to word segmentation
in German. If a stop’s CD varies systematically contingent on whether it
occurs in word-initial or in word-internal position, the German 10- to 12and 14- to 16-month-olds’ ability to distinguish the non-phonemic length
contrast in Experiment 2 might be explained by their heightened sensitivity
to word segmentation cues. Moreover, Experiment 4 provides more insights
on the distribution of CD in tense versus lax German pretonic stops.

8.2.1

Method

Four adult native speakers of Standard German (aged 31 to 33; 2 female)2
were asked to read lists of short German sentences, each sentence containing
one of the six German stop phonemes /b, p, d, t, g, k/ following schwa and
preceding the stressed vowel /a/. Overall, there were 32 sentences, in half of
which the stops occurred in word-initial position (as in Das schönste Paar
wurde fotografiert. ‘The most beautiful couple was photographed.’). In the
other half, the stops occurred word-internally (as in Der Schal hat gut zum
Kleid gepasst. ‘The scarf went well with the dress.’).3 In each subset (word2
Participants comprised the mother of one of the infants who took part in Experiment 2,
two men born and raised in Konstanz and a village nearby, and the author of the present
thesis, who has been living in Konstanz for more than ten years at the time of recording.
3
Word-medial stops occurred mostly in participles since there are virtually no monomorphemic words with the required sound structure in German.
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initial and word-internal stops), there were eight labial stops (4 tense, 4 lax),
four alveolar stops (2 tense, 2 lax) and four velar stops (2 tense, 2 lax). The
complete list of sentences is provided in appendix E. Of these sentences,
three diﬀerently randomised lists were assembled. Each participant read all
three lists, so that each sentence was produced three times by each of the
speakers, resulting in the production of 96 sentences per subject.
Recordings were made in a sound-attenuated room with a mobile digital
recorder (M-Audio Microtrack 24/96). The sampling rate was 44,100Hz.
The resulting .wav-files were transferred onto a Macintosh computer where
they were analysed with the help of Praat (Boersma & Weenink 2007).
Each [@]-stop-[a] sequence was examined with regard to CD and ACT. The
measurement points were determined as before in the pilot production study
(cf. section 5.2) and by the distribution of spectral energy.4

8.2.2

Results

The measured data were evaluated with the statistics software JMP (version
5.0.1.2). One repetition of the item Sie musste noch ihre Tasche packen.
(‘She still needed to pack her bag.’) by speaker N4 had to be excluded
because Tasche (‘bag’) was erroneously produced as the plural form Taschen
and thus no longer contained the target sequence of [@]-stop-[a]. Before
applying the statistical analyses, the individual measurements of ACT and
CD for each item were checked for outliers for each speaker independently.
Since the ACT and CD values for the three repetitions of each item were
all within a range of ±1.5 standard deviations from the mean value for a
particular item, no outliers had to be excluded. Variation between repeated
productions of the same items can be considered to be natural within-speaker
variation. Finally, 383 items were left for further analysis.
In order to assess the role of CD in the production of tense and lax stops
after [@] and before [a], occurring either in word-initial or in word-medial
position, an ANOVA was performed with CD as dependent variable. The
factors speaker (N1–N4) and item (schönste Paar | gepasst | . . . ; both
as random factors) as well as position (initial | medial), poa (alveolar |
labial | velar)5 and category (tense | lax) and their possible interactions
were entered as independent variables. The analysis yielded a main eﬀect
of poa [F (2, 337) = 218.57, p < .0001, Malv = 61.39, SD = 11.31, Mlab =
4

In some cases, the glottal vibrations of the preceding sonorant segments continued
into stop closure. The decrease of spectral energy during closure provided a more reliable
clue as to where the closure phase started than the sound wave diagram.
5
The PoAs will be abbreviated as ‘alv’, ‘lab’ and ‘vel’ below.
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84.86, SD = 11.39, Mvel = 55.36, SD = 9.82], indicating that CD is longest
for labial stops and shortest for velar ones (see figure 8.2a). Subsequent
planned comparisons showed that all three PoAs diﬀer significantly from
each other in their CD values [alveolar vs. labial: t = 14.94, p = 0; alveolar
vs. velar: t = 3.33, p = .001; labial vs. velar: t = 18.78, p = 0]. Further,
there was a main eﬀect of category [F (1, 337) = 4.12, p < .05, Mlax =
69.88, SD = 16.41, Mtense = 73.30, SD = 18.10], with significantly longer
CDs for tense than for lax stops (see figure 8.2b).

Figure 8.2: CD for three PoAs and two laryngeal categories in German adults’
productions of stops.

The interaction position × category was also significant [F (1, 337) =
7.73, p < .01] and was therefore examined in more detail. Posthoc planned
comparisons revealed that there is a significant CD diﬀerence between initial and medial lax stops [t = 2.80, p < .01, Mlax−initial = 72.11, SD =
15.73, Mlax−medial = 67.66, SD = 16.86] but not between initial and medial tense stops. Moreover, stops in medial position were found to diﬀer
significantly in their CD values depending on whether they belong to the
lax or to the tense category [t = 3.40, p < .001, Mmedial−lax = 67.66, SD =
16.86, Mmedial−tense = 74.34, SD = 17.88] while no significant CD diﬀerence
could be observed for tense and lax stops in initial position. The results of
the posthoc tests performed for the interaction are presented in table 8.1
and an accompanying graph is provided in figure 8.3. Apart from these
findings, there were no main eﬀects or interactions.

8.2 Experiment 4: German Adults’ Production of Stops

tense

initial
72.25
(18.36)

lax

�
72.11
(15.73)

t = 0.53
p > .05
n.s.

↔
↔

medial
74.34
(17.88)

�
67.66
(16.86)
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t = 1.13
p > .05

n.s.

t = 2.80
p < .01

**

t = 3.40
p < .001
***

Table 8.1: Mean CD values in ms (and standard deviation) for stops in
Experiment 4 broken down to position and laryngeal category, and results of
the posthoc tests for the interaction position × category.

Figure 8.3: CD for tense and lax stops in word-initial and word-internal
position as produced by German adults.

Additionally, the production data collected in Experiment 4 were analysed
with regard to their ACT values. For this purpose, another ANOVA was
run, identical in its set-up to the one before except that now ACT was the
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dependent variable. The analysis yielded a main eﬀect of poa [F (2, 337) =
5.37, p < .01, Malv = 41.59, SD = 27.85, Mlab = 36.56, SD = 30.01, Mvel =
48.17, SD = 28.26] which revealed that, generally (i.e., irrespective of the
laryngeal category), the voicing lag increases from labial over alveolar to
velar stops (see figure 8.4a). Subsequent planned comparisons showed that
ACT diﬀers significantly between labial and velar stops (t = 3.26, p < .01)
but neither between labial and alveolar nor between alveolar and velar stops.
Moreover, a main eﬀect was found for category [F (1, 337) = 249.12, p <
.0001, Mtense = 64.79, SD = 23.01, Mlax = 16.79, SD = 6.53] with tense
stops displaying a significantly longer voicing lag than lax ones (see figure
8.4b). There were no other main eﬀects or interactions.

Figure 8.4: ACT for three PoAs and two laryngeal categories in German
adults’ productions of stops.

Since the infant tests were restricted to labial PoA, words containing labial
stops outbalanced alveolar and velar stops in the current production study.
Accordingly, two additional statistical analyses – one focusing on CD, the
other one on ACT – were run taking only the labial stops into account. The
ANOVAs were identical to the two analyses reported above, except that
the factor poa was excluded. The analysis with CD as the dependent variable yielded a main eﬀect of category [F (1, 169) = 8.43, p < .01, Mlax =
82.03, SD = 10.34, Mtense = 87.72, SD = 11.73]. The closure phases of
tense labial stops were significantly longer than those of lax labial stops.
Neither the factor position nor its interaction with category were signifi-
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cant. Similarly, when focusing on ACT, the only significant eﬀect yielded
by the analysis was a main eﬀect of category [F (1, 169) = 99.81, p <
.0001, Mlax = 12.60, SD = 4.32, Mtense = 60.77, SD = 24.95] with considerably shorter voicing lags in lax than in tense labial stops. Both eﬀects are
displayed in figure 8.5.

Figure 8.5: ACT and CD in German adults’ productions of labial stops.

8.2.3

Discussion

Regarding ACT, the present data confirm what has been assumed before.
Irrespective of the phonological category (tense or lax), voicing lags are
shortest for labial stops and longest for dorsal ones, with coronals somewhere in between (also cf. Volaitis & Miller 1992). Moreover, German tense
stops are produced with a considerably longer voicing lag (i.e., with aspiration) than lax stops, a fact that was discussed extensively in chapter 2. This
is also the case when only labial stops are considered. The average ACT
values for labial tense and lax stops in the present production study match
the findings of the pilot tests and the stimuli chosen for the infant test (Experiment 2). The present data and those of the pilot production study are
summarised in table 8.2. Based on the pilot tests on both adults’ perception
and production (cf. chapter 5) a labial stop with an ACT of 15 ms was considered an appropriate representative of a German lax labial stop and this
assumption is supported by the outcome of the present experiment. The
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current data as well as the results of the pilot production study suggest that
the tense category usually is produced with longer voicing lags than 35 ms,
the value chosen for the tense stop in the infant test. As mentioned before,
the selection of this small, 20 ms-diﬀerence (15 ms vs. 35 ms) was based on
other infant perception studies (e.g., Eimas et al. 1971). Regardless, also the
current experiment supports the assumption that a voicing lag of 35 ms is
an indicator for stops to belong to the tense category in German. Consider
in this respect the large variations in ACT which are present in tense stops
but not in stops of the lax category.

tense
lax

Experiment 4
ACT
CD
60.77
87.72

Pilot Study
ACT
CD
65.58 102.33

(24.95)

(11.73)

(14.74)

(17.97)

12.60

82.03

12.17

93.92

(4.32)

(10.34)

(3.64)

(22.05)

Table 8.2: ACT values in ms (and standard deviation) of German labial stops
produced between [@] and [a].

The main purpose of the present experiment was to learn more about the use
of CD in German stops. To begin with, the overall data that refer to all PoAs
shall be discussed. As for ACT, an eﬀect of PoA was found for CD, but in
this case the order is reversed compared to ACT. The closure phase is longer
in labial stops than in coronal ones and longer in coronals than in dorsals.
Furthermore, the results show that both the laryngeal category as well as
a stop’s position in a word may aﬀect CD. The evaluation of the position
× category interaction revealed that CD is significantly longer in tense
stops than in lax ones when these stops occur in word-internal position.
Moreover, it disclosed that a stop’s position aﬀects CD only in lax stops but
not in tense ones, with lax initial stops having significantly longer closures
than lax medial ones. Thus, CD might be interpreted to be a cue for word
segmentation in lax stops and at the same time it might aid in distinguishing
tense and lax stops in word-internal position.6 When the perspective is
6

Consider in this respect that Pierrehumbert (2003) suggests that the first categories
learned do not necessarily relate to phonemes in a completely abstract form but rather to
positional variants of phonemes, i.e. the prosodic context is taken into account. Moreover,
in a study on singleton/geminate contrasts in Italian, Tagliapietra & McQueen (2010)
suggest that the same kind of durational information may serve for phoneme identification
and segmentation at the same time.
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narrowed to labial stops only, the factor position does no longer play a
role. The category-eﬀect that was observed for stops of all three PoAs,
however, persists even when only labial stops are considered. Lax labial
stops have significantly shorter CDs than tense labial stops, but the closure
phases of word-initial and word-internal labial stops are approximately of
equal length (84.94 ms vs. 84.78 ms).
Summarising, the data collected in Experiment 4 suggest that CD might
be influenced both by the laryngeal category to which a stop belongs to as
well as by its position in a word. However, there are various reasons to
assume that category has a larger eﬀect on CD than position. First of all,
a main eﬀect was observed for the factor category but not for the factor
position. Secondly, the respective eﬀect found in the examination of the
position × category interaction was stronger for category (p < .001)
than for position (p < .01). Finally, position did not play a role at all when
only labial stops were taken into account.

8.3

Discussion in View of the Infant Data

Although Experiment 3 confirmed the assumptions made on the basis of the
pilot perception test, namely that CD is not a reliable cue for the distinction of tense and lax stops for German adults, the results of Experiment 4
suggest that CD might be more important for phoneme distinction than assumed before. The pilot perception test (chapter 5) as well as Experiment 3
(section 8.1), however, demonstrated that CD is not a suﬃciently clear cue
for German adults to categorise labial pretonic stops as belonging to two
distinct phoneme categories. The question is now, how the results of the
present production study might help to explain the infant test data (Experiment 2, section 7.2), and specifically to 10- to 12- and 14- to 16-month-old
German infants’ ability to discriminate the length contrast.

8.3.1

The segmentation approach

Principally, there are two possibilities. The first one concerns the position
eﬀect found in Experiment 4 and suggests that CD might serve as a cue for
segmentation. The production data showed that CD is shorter for lax wordinternal than for lax word-initial stops. Since the stops in the infant test had
an ACT value of 15 ms, both the long and the short stops can be interpreted
to belong to the lax category – the category in which a stop’s position aﬀects
CD, as opposed to the tense category. It could be assumed that infants who
have already started segmenting speech in a more complex manner than by
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relying on the metrical segmentation strategy only (i.e., the two older age
groups in Experiment 2) regard the stimulus with the shorter CD (80 ms) as
being one cohesive sound sequence ([@pa]ω ) whereas the stimulus with the
longer closure phase (120 ms) is taken to contain a word boundary (@[p:a]ω ).
Recall that 10.5-month-olds displayed a similarly refined sensitivity to allophonic variation in the ‘night rate’/‘nitrate’-segmentation study by Jusczyk
et al. (1999b). Thus, infants’ sensitivity to word segmentation cues could
be seen to account for 10- to 12- and 14- to 16-month-olds’ success in the
CD-discrimination task in Experiment 2.7 Note, however, that Experiment
4 showed that, generally, lax initial stops have longer CDs than lax medial
stops but that this diﬀerence is not present when only labial stops are considered. Accordingly, the present line of argumentation requires that infants
abstract away from PoA, a premise that is not improbable. Jusczyk et al.
(1999a), for instance, demonstrate that 9-month-old infants learning English
are sensitive to shared phonetic properties like MoA in phones with diﬀerent
PoAs, especially in syllable-initial position.8
Regarding this ‘segmentation explanation’, it should be kept in mind
that the infant test was not designed as a segmentation task and thus it can
only be speculated that subjects concentrate on segmentation cues while
listening to the stimuli. Recall in this respect that the laboratory setting
in Experiment 2 with the checkerboard pattern as visual stimulus and the
repetitive presentation of the auditory stimuli does not oﬀer a situation
which decidedly promotes word learning or even segmentation. Thus, such
an explanation must be treated with caution as long as no supportive segmentation data are available.

8.3.2

The heightened sensitivity approach

The second potential explanation for German 10- to 12- and 14- to 16month-olds’ unexpected ability to discriminate the length contrast relates
to CD as a cue to distinguish tense and lax stops in word-internal position.
In view of the results of the present production experiment, such an account
must presuppose that the sounds in neither of the two stimulus types are
7

Since the adults in the pilot perception test and in Experiment 3 were explicitly asked
to categorise the stimuli as being either tense or lax (cf. sections 5.3 and 8.1), it remains an
open question whether they would be able to exploit CD as a cue to word segmentation.
8
An additionally helpful factor for the use of CD as a potential segmentation cue might
be seen in the fact that German may show gemination at word and morpheme boundaries
when two identical consonants occur in adjacency to each other, as for instance in Abbitte
["ap:Ith @] ‘apology’ (e.g., Mikuteit 2006, see also Wiese 2000). But note that such cases
often imply a prosodic situation diﬀerent from the present V "V-context.
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separated by a boundary but that both [p] and [p:] appear word-medially,
an acceptable assumption given that the stops are presented in an intervocalic environment in the infant test (and not in absolute initial position).
Regarded from this perspective, Experiment 2 works as it is supposed to do,
that is, it reveals infants’ capacity to discriminate a particular phonetic contrast (as opposed to the alternative hypothesis that infants are trying to find
segmentation cues in the stimuli). Yet, the older infants show a discrimination ability for a contrast that was assumed to be disregarded. With ACT
being absent as a cue to discriminate between tense and lax labial stops, it
becomes clear that they are sensitive to CD contrasts. The youngest age
group’s failure to discriminate the length contrast led to the proposal that
this contrast has to be learned with a certain amount of linguistic experience. The low acoustic salience of CD as well as its rather gradual nature
support this assumption.9
Nonetheless, the crucial question remains: Why should the older infants
develop a sensitivity to a contrast that is not distinguished in phoneme
categorisation by adults? Although it has been shown that CD is not a
reliable cue for German adults to distinguish tense and lax stops, it might
nonetheless be so for infants. After all, there is a tendency in adults’ perception to assign stops with shorter CDs to the lax category and those with
longer CDs to the tense category (see sections 5.3 and 8.1). Additionally, the
current production experiment as well as previous studies by others (e.g.,
Braunschweiler 1997) have shown that there are significant diﬀerences in CD
between tense and lax German stops.
It is conceivable that for the young language learners, who are only beginning to establish a native phoneme inventory, phoneme categories are
still fragile (see also section 7.3 in which it was argued that German 14- to
16-month-olds fail to discriminate a native laryngeal contrast due to ongoing
category formation). Moreover, the lexical and syntactic context of an utterance is presumably not yet a reliable source to aid in phoneme discrimination
in cases of phonetic ambiguity. Therefore, infants may grab any available
cue until their categorisation skills are more robust. One might hypothesise
that those infants are ‘on the wrong track’ for a short time. Experiment 2
9

Recall that, although tense and lax medial stops diﬀer significantly in their CD values
(74.34 ms vs. 67.66 ms across all PoAs, 87.72 ms vs. 82.03 ms for labial stops only), there is
still a lot of overlap between the categories. The gradual transition in parents’ perception
from a comparatively low percentage of /p/-perception to increasingly higher percentages
when CD becomes longer (Experiment 3, see also pilot perception test, section 5.3) supports the assumption that CD is a parameter that influences German listeners’ perception
in a gradual, continuous rather than in a categorical manner.
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showed that 6- to 8-month-old German infants were not sensitive to the CD
contrast. Thus, with 10- to 12-month-olds’ successful discrimination of the
length contrast a new potential cue – CD – seems to become available at
the end of the first year of life. Subsequently, it might be speculated that
the German 10- to 12- and 14- to 16-month-olds are in a phase where they
pay heightened attention to CD in order to check whether this cue is worth
being attended to or not. For this reason, it might be hypothesised that
infants are more attentive to CD than adults.
A further thought, which has to remain hypothetical at present, takes
infants’ regular exposure to infant-directed speech (IDS) into account. The
speech young children perceive when they are addressed personally diﬀers
from the speech adults use among themselves. Besides syntactic and lexical
simplifications, a slower speech rate and more pauses compared to adultdirected speech (ADS), IDS is characterised by its exaggerated prosodic
markings (e.g., higher F0 , wider pitch range than ADS), by the clearer pronunciation or maximisation of some phonological distinctions as well as by
the presence of redundant cues (cf. Werker et al. 2007; Kuhl et al. 2008;
see also Thiessen et al. 2005 and references there). Thus, despite not being
a strong cue in adult speech, it might be that CD contrasts are enhanced
in German IDS in order to make tense/lax distinctions clearer. Recall that
infants are sensitive to statistical distributions of cues. As for instance Maye
et al. (2002) have shown, exposure to unimodal as opposed to bimodal distributions significantly aﬀects infants’ categorisation behaviour. Kuhl et al.
(2008:983) suggest that an
“[a]coustic stretching of phonetic cues in ID speech would be expected
to exaggerate the distributional cues to phonetic units, and there is
some evidence to validate this (Werker et al. 2007).”

Consequently, infants might be used to attend to CD diﬀerences and therefore respond to the length contrast in Experiment 2. Consider in this respect
that the long stops in the infant test are very long (120 ms) compared to the
mean value obtained for tense stops in the present experiment (87.72 ms).
Yet, it must be mentioned that not all contrasts are found to be enhanced
in IDS compared to ADS (see also Bernstein Ratner 1987). The available
data on ACT contrasts in IDS, for instance, are ambiguous. A study by
Sundberg & Lacerda (1999) investigating Swedish mothers’ speech to their
3-month-old infants reports a reduced diﬀerence between short lag and long
lag stops in IDS compared to ADS. Englund (2005) finds generally longer
ACTs for both tense and lax Norwegian stops in IDS to infants in their first
half year of life than in ADS. However, the IDS contrast is less clear than
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the ADS realisation, although the eﬀect is not statistically significant. As
Englund (2005) notes, contrast enhancement is found by Malsheen (1980)
for laryngeal contrasts in IDS to 15- to 16-month-olds – but neither to 6to 9-month-olds nor to 2.5- to 5-year-olds. Although not much is known
about CD distinctions in IDS, and even less about CD as a potential cue
to enhance laryngeal contrasts, an investigation of gemination in speech to
Lebanese 13- to 18-month-olds reports highly variable results and seems to
suggest that consonantal length contrasts are not maximised in IDS (Khattab 2006). Yet, further research is needed to substantiate whether CD is
used as an enhancing cue to the German tense/lax opposition in IDS.
A further remark is due with respect to adults’ disregard of the CD cue,
which seems to be inconsistent with infants’ discrimination of the contrast at
10 to 12 and 14 to 16 months of age. One reason why infants were more successful than adults is inherent in the present train of thought, which is based
on the assumption that length contrasts are less pronounced in ADS than in
IDS. Moreover, it could be hypothesised that German adults have learned
that ACT is the most reliable cue to distinguish laryngeal categories in their
native language, therefore neglecting secondary cues more than young language learners whose categories are not yet as stable as adults’. Finally,
being proficient language users, adults are able to draw inferences from
semantic context in case of phonetic ambiguity, making them more independent of minimal ancillary cues.
8.3.2.1

Reconciling the ACT and the CD data

The present ‘sensitivity explanation’ does not necessarily conflict with the
‘variation explanation’ suggested for German infants’ failure to discriminate
a native laryngeal contrast at the age of 14 to 16 months. The latter proposal is based on statistics and the assumption that categories, which were
comparatively clear-cut before, become blurred when the input information
becomes more diverse. The ‘sensitivity argument’ does not presuppose welldefined categories. Rather, it refers to a kind of selective attention to a
phonetic parameter whose eﬃciency infants are not yet sure of. Seen from
this angle, the two accounts may even be considered to complement each
other: The laryngeal contrast becomes unclear due to increasing speaker
variation and ACT suddenly seems to be not as reliable as assumed before.
At the same time, infants become sensitive to another phonetic parameter
which might be temporarily considered to be a useful cue to distinguish
German stops, thus it receives heightened attention. Recall in this context,
that the discrimination eﬀect for CD contrasts found in Experiment 2 was
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stronger for 14- to 16-month-olds than for 10- to 12-month-olds (p < .01 and
p < .05 in the re-analysis, see figure 7.7, p. 186). The younger ones might
have just detected the parameter (in contrast to 6- to 8-month-olds’ insensitivity to the CD contrast); the 14- to 16-month-olds might be assumed
to be more confident in relying on this cue already, and they may be more
convinced of its usefulness given the ‘phase of confusion’ triggered by the
dissolving ACT-categories. Additionally, it should be emphasised again that
the ACT contrast presented in Experiment 2 is minimal and smaller than
in naturally spoken speech as shown in the present production experiment
(see figures 8.4b and 8.5, p. 220f.). The CD distinction, on the other hand,
represents a comparatively large contrast for German stops (see table 8.1 as
well as figures 8.3 and 8.5, p. 219ﬀ.).

8.3.3

Summary

In sum, two potential explanations as to why German 10- to 12-month-olds
and 14- to 16-month-olds should be able to discriminate the CD contrast
in Experiment 2 were provided. The first one referred to the assumption
that CD might be a cue to word segmentation. The second one suggested a
heightened sensitivity to CD as a cue to category distinction in infants than
in adults. Both suggestions cannot be verified at present. More insights
into German IDS as well as into German infants’ segmentation behaviour
are needed in order to be able to confirm or reject any of the two options.
Yet, in view of the stronger eﬀects for category than for position in
Experiment 4 and given the set-up as a discrimination task in Experiment
2, the second possibility that assumes phoneme discrimination on the basis
of a temporarily increased sensitivity to the CD cue on the part of the infants
seems to be the more likely account.
In the following chapter, the focus will be shifted from the background
language German to infants and adults for whom Swiss German is the native language. Section 9.1 will look at Swiss German infants’ speech sound
discrimination skills regarding the same laryngeal and length contrasts presented to German infants in Experiment 2. In analogy to the German data,
section 9.2 provides insights into Swiss German parents’ perception of stops
diﬀering in ACT or CD.

Chapter 9

Swiss Germans’ Perception
of Stop Contrasts
The findings on German infants’ and adults’ perception of a laryngeal and
a length contrast presented in the two preceding chapters will be complemented by perceptual data from Swiss German infants and their parents. By
comparing the findings for the two languages it will be possible to draw some
cross-linguistic, more general conclusions about the nature of laryngeal and
length contrasts in early speech perception. A particularly interesting aspect
in this comparison lies in the typological distinctness of the respective stop
systems of the two related languages, with German as a so-called aspiration
language whereas Swiss German might be labelled a non-laryngeal language,
since it does not make use of contrastive laryngeal configurations in its stop
system. The first part of the present chapter provides the Swiss German
counterpart to Experiment 2; it addresses Swiss German infants’ perception
of a laryngeal and a length contrast. In the second part, data of Swiss German parents’ categorisation skills regarding ACT and CD contrasts in stops
contribute to the understanding of infants’ perception behaviour. Furthermore, with a large sample size the adult data corroborate the findings of the
pilot perception study with Swiss German adults presented in chapter 5.

9.1

Experiment 5: Swiss German Infants’
Perception of ACT and CD Contrasts

Besides infants from a German language background, infants learning Swiss
German were tested in order to find out how the perception of a laryngeal
and a length contrast develops in the acquisition of a language which has a
229
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phonemic length contrast in its stop system but lacks a laryngeal contrast.
For Swiss Germans, the contrast between a singleton and a geminate is
considered to be a native phonemic contrast whereas the contrast between
a stop with a short voicing lag and a stop with a long voicing lag is assumed
to be a non-native contrast. The implications of these assumptions as well
as the resulting predictions were discussed in detail at the beginning of
chapter 7. For the sake of simplicity, the table summarising the predictions
formulated in section 7.1.2 is represented again in table 9.1.

CD (native)

Option 1
Option 2

ACT (non-native)

Option 1
Option 2

6-8M
�
?
�
�

10-12M
�
?
×
�

14-16M
�
?
×
�

−→ �

Table 9.1: Repetition of predictions for Swiss German infants’ perception of
a native length contrast and a non-native laryngeal contrast.

As hinted at before, the present experiment was of special interest for two
reasons. First of all, the data were supposed to contribute to the understanding of infants’ acquisition of consonantal length contrasts since this
type of contrast is only rarely investigated. The second aspect pertains to
the fact that Swiss German is a language which does not exploit laryngeal
configurations to make a phonemic stop contrast. It is assumed that infants
in their first months of life possess a universal sensitivity to distinguish a
short lag/long lag laryngeal contrast in stops. The present experiment aimed
to find out whether this sensitivity is maintained if the native language lacks
phonemic laryngeal distinctions of any kind. The pilot perception test in
chapter 5 revealed that Swiss German adults are able to use ACT as a reliable cue to perceptual phoneme distinction although Swiss German stops
do not diﬀer significantly in their ACT values in production. The present
experiment might prove helpful in understanding Swiss German adults’ perception behaviour and provide some insights into non-laryngeal languages
in general. If the 10- to 12- and 14- to 16-month-old Swiss German infants
are not able to discriminate the laryngeal contrast, it could be inferred that
the adults relearned to discriminate the laryngeal contrast because they are
exposed to Standard German regularly. Successful discrimination already
by Swiss German 10- to 12- and 14- to 16-month-olds, on the other hand,
would suggest that the ability to discriminate short/long lag contrasts is not
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lost or attenuated if the native language does not require a boundary shift
along the laryngeal continuum (as for example in Dutch).
Since it was not possible to complete the planned sample (96 ‘good’
Swiss German infants as for Experiment 2 with German infants), the results presented in the current section ought to be considered as preliminary.
Although there were too few observations to run the same statistical analyses as in Experiment 2, the data oﬀer valuable insights into Swiss German
infants’ perception of a laryngeal and a length contrast.

9.1.1
9.1.1.1

Method
Participants

42 Swiss German infants were included in the study: 14 6- to 8-month-olds
(mean age 7 months, 8 days; 4 girls), 15 10- to 12-month-olds (mean age 11
months, 9 days; 7 girls), and 13 14- to 16-month-olds (mean age 15 months,
3 days; 8 girls). All subjects were without apparent health problems. At
the time of testing, they lived in the canton of Thurgovia and nearby in
Switzerland. A language questionnaire was used to ensure that the infants
were exposed to their mother tongue at least 90% of the time. In addition, 6
more infants were tested. Their results had to be excluded from the analysis
because they were too fussy (n = 1), they started crying (n = 2), they did
not habituate (n = 1), because of parent interference (n = 1) or because of
experimenter error or equipment failure (n = 1), resulting in an attrition
rate of 12.5%. All infants were rewarded for their participation with either
a T-shirt or a bib of the Baby Speech Lab or with a small toy or a book and
parents were reimbursed for parking fees or bus tickets.
9.1.1.2

Stimuli and Auditory Stimulus Conditions

The stimuli as well as the auditory stimulus conditions were the same as in
Experiment 2 (cf. section 7.2). However, since fewer infants were available
for testing, only two conditions were presented. Infants tested on their perception of the laryngeal contrast were assigned condition 1; infants tested
on their perception of the length contrast were presented condition 2. This
implies that all infants were habituated on a short, voiceless unaspirated
stop [p]. Infants tested on the laryngeal contrast were presented a voiceless aspirated stop [ph ] as ‘switch’, subjects in condition 2 heard a voiceless
unaspirated long stop [p:] in the ‘switch’ trial (also cf. table 7.4, p. 178). The
geminate never occurred in the habituation phase. The lack of a suﬃcient
number of Swiss German participants made it impossible to counterbalance
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infants for test order in all conditions. The distribution of infants across
conditions and test orders is provided in detail in appendix F. The equipment, apparatus and procedure as well as the testing location were the same
as in Experiment 2.

9.1.2

Results

For the statistical evaluation of the results of Experiment 5, ANOVAs like in
Experiment 2 were performed for an inspection of infants’ behaviour during
the pre- and posttest and during the habituation phase.
The first analysis focused on infants’ looking times during the pre- and
posttest. As before, those looking times that either exceeded or undercut
two standard deviations from the mean looking time for each test were
excluded (2 out of 84; 2.4%). Looking time was the dependent variable
and the factors subject (as random factor), age (6-8M | 10-12M | 14-16M;
nested under subject), test (pretest | posttest) and age × test were
added as independent variables. The analysis yielded a significant main
eﬀect of test [F (1, 37) = 6.68, p < .05, Mpre = 13.57, SD = 1.01, Mpost =
14.00, SD = 0.55], revealing that across age groups infants were slightly
more attentive in the posttest than in the pretest.
Next, infants behaviour during the habituation phase was inspected. As
in Experiments 1 and 2, infants’ mean looking time of the first four habituation trials was compared to their mean looking time during the last four
habituation trials. In this analysis, 3 out of 84 observations (3.57%) were
excluded due to values deviating more than two standard deviations from
the group mean looking times for each trial block. In the analysis, looking
time was the dependent variable and the factors subject (as random factor), age (6-8M | 10-12M | 14-16M; nested under subject), block (first |
last) and age × block were added. As expected, there was a main eﬀect of
block [F (1, 37) = 1756.72, p < .0001, Mf irst = 12.22, SD = 1.73, Mlast =
7.31, SD = 1.22]. These findings show that habituation to the auditory stimuli was successful. Infants of all three age groups looked significantly longer
during the first four habituation trials than during the last four habituation trials. As for Experiments 1 and 2 with German infants, an additional
ANOVA was run for the present experiment, revealing a significant decrease
of attention even if the final habituation trial is excluded from the analysis
and the first four-trial block is compared to the four-trial block preceding
the final habituation trial (see appendix D for the precise data).
The data of Swiss German infants’ looking behaviour regarding stops differing in ACT or CD could not be evaluated with the same statistical design.
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Figure 9.1: Perception of ACT and CD contrasts by Swiss German infants
according to the main analysis.

Too many factors and too few observations made it impossible to run the
same ANOVAs on infants’ looking times during the test trials. Nonetheless,
the looking times during the test trials in the two conditions provide some
hints to infants’ perception of the two contrasts and allow to draw some first
tentative inferences about Swiss German infants’ discrimination skills. Figures 9.1 and 9.2 visualise the data as resulting from the main analysis and
the re-analysis. A table summarising the looking times for each age group
and each contrast is provided in appendix F. It was refrained from conducting a control analysis since this kind of evaluation requires to subdivide
the participants into even smaller groups. Due to the overall rather small
number of participants and since infants in Experiment 5 were not evenly
distributed across age groups, conditions and test orders (cf. appendix F),
some of the subgroups comprised only very few subjects. The data of only
one or two infants are not suﬃcient to draw informative inferences about
a larger group’s potential behaviour and might lead to impressions which
need not necessarily be substantiated when testing larger samples. Thus, in
order to avoid overhasty conclusions and subsequent confusion, no control
analysis was run for the Swiss German infants’ perception of the laryngeal
and the length contrast.
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Figure 9.2: Perception of ACT and CD contrasts by Swiss German infants
according to the re-analysis.

9.1.3

Discussion

A first remark shall be made with regard to the pre- and posttest data.
Although looking times for pre- and posttest diﬀer significantly, the higher
mean looking time in the posttest shows that infants did not lose interest in
the experiment overall but remained attentive until the end of the test. A
similar situation was found in Experiment 2, where 6- to 8- and 10- to 12month-old German infants were slightly more attentive at the end of the test
session than at the beginning (see section 7.2.2). As before, the statistical
eﬀect can be attributed to low variances and the important finding is that
infants’ attention did not decrease at the end of the experiment. Accordingly,
attentional decreases during the test can be attributed to a loss of interest
in the auditory stimuli.
Turning to Swiss German infants’ perception of the laryngeal and the
length contrast, it must be noted that the present data should be interpreted
cautiously and all following interpretations have to remain slightly speculative due to the reduced number of participants. With this reservation, the
outcome of Experiment 5 might be summarised as suggested in table 9.2.
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CD (native)

main analysis
re-analysis

ACT (non-native)

main analysis
re-analysis

6-8M
×
×
�
�

10-12M
�
�
×
�
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14-16M
×
×
×
�

Table 9.2: Tentative perception patterns of Swiss German infants’ discrimination skills concerning a laryngeal and a length contrast.

9.1.3.1

Swiss German Infants’ Perception of the CD Contrast

With respect to the native contrast, both the main analysis and the reanalysis suggest that Swiss German 6- to 8-month-olds are not able to discriminate the length contrast. At the age of 10 to 12 months they apparently
succeed, but only little later, at 14 to 16 months, they seem to fail again.1
It was expected that the length contrast is present from birth and that it
is maintained by older infants since the contrast is of phonemic relevance
in Swiss German (option 1 in table 9.1, p. 230).2 An alternative prediction
assumed that infants become sensitive to the length contrast only with a
certain amount of linguistic experience (option 2 in table 9.1). Regarding
only the younger two age groups, this second prediction seems to be borne
out. As suggested already in view of German 6- to 8-month-olds’ failure
to discriminate the length contrast in Experiment 2, the consonantal length
contrast between a singleton and a geminate stop focused on in the present
thesis does not seem to be universally discriminable in the first half year
of life. The present data as well as the data for the youngest German infants suggest that the CD distinction is comparable to other consonantal
contrasts of low acoustic salience, for which it was shown that they have
to be acquired with a certain amount of linguistic experience (see Polka
et al. 2001; Narayan et al. 2010). By the age of 10 to 12 months, so the
1
No enhancing eﬀect could be observed in the re-analysis of the CD data compared to
the main analysis. The diﬀerence in looking time to the two relevant trials in the mainand in the re-analysis is basically the same in the middle age group. In the youngest and
in the oldest age groups, the diﬀerences are slightly more pronounced in the re-analysis
than in the main analysis. Nonetheless they are small and therefore assumed not to be a
sign of contrast discrimination.
2
German 6- to 8-month-olds’ failure to discriminate the length contrast in Experiment 2
already provided an argument against the hypothesis that CD is universally discriminable
in the first months of life.
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present data suggest, infants have learned to listen to their native CD cue
and succeed in distinguishing the Swiss German phoneme contrast. Their
perception apparently has adapted to the phoneme inventory of the mother
tongue. It was, however, not anticipated that infants would lose the discrimination ability again once they acquired it, as the results for the 14to 16-month-olds suggest. The failure to discriminate a native phonemic
contrast at the age of 14 to 16 months in the present experiment closely resembles the outcome of Experiment 2, where German 10- to 12-month-olds
succeeded in discriminating the native laryngeal contrast but seem to have
lost the ability again at 14 to 16 months. Apparently, after the age of 10
to 12 months, when the perceptual reorganisation is assumed to have taken
place, contrast discrimination is not as clear-cut as assumed.
Against the background of Pierrehumbert’s (2003; see also Pierrehumbert 2001) exemplar-theoretic account of language acquisition, it was argued
in section 7.3.1 that German 14- to 16-month-olds fail to discriminate the native laryngeal contrast – a contrast that is successfully distinguished by 10to 12-month-olds – because increasingly variable input leads to a temporary
blurring of the tense/lax category boundary. The preliminary findings of the
present experiment regarding Swiss German 14- to 16-month-olds’ insensitivity to a native length contrast might be considered to provide support for
such a ‘variation explanation’. Like the categories built upon diﬀerent ACT
values by German infants, the categories Swiss German infants have established by the end of their first year seem to be less clearly separated some
months later. Following the logic described in section 7.3.1, more contact to
speakers other than the caregivers and children’s own productions cause increasing input variation, leading to a broader distribution of exemplars over
the mental map of phonetic parameters and subsequently to a temporary
diﬀusion of the two stop categories. Consider in this respect that, in analogy to the minimal ACT contrast, a rather small contrast (80 ms vs. 120 ms;
geminate/singleton ratio: 1.5) was selected for the infant experiment. Naturally produced singleton/geminate contrasts in a similar environment usually display larger CD diﬀerences. As mentioned in chapter 2, Kraehenmann
(2001, 2003) reports ratios of 2.0 for word-medial (posttonic) stops to 3.0 for
word-initial stops in Thurgovian Swiss German (see also table 5.4, p. 127,
which reveals a 2.3-ratio for intervocalic pretonic stops). Furthermore, the
pilot perception test with Swiss German adults (section 5.3) showed that
both values chosen to represent the length contrast in the infants tests are
near to the boundary region that separates Swiss German singletons from
geminates (see also figure 5.10, p. 139). Accordingly, both values can be
assumed to fall into a zone of overlap in the proposed ‘phase of confusion’ at
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the beginning of the second year of life, similar to the ACT values selected
to represent the native laryngeal contrast for German children.
The present interpretation of the (preliminary) Swiss German data must
not only be regarded to provide more support for the ‘variation explanation’
proposed on the basis of the ACT results of Experiment 2 with German children. It also suggests that not only ACT is aﬀected by the temporary category blending around 14 to 16 months of age. As a native cue to phoneme
distinction, CD appears to be prone to confusion as well and it might be
interesting to find out whether and which other phonetic parameters are
aﬀected in a similar way. Note that the particular usage of a parameter in a
given language seems to play an important role in this issue. The findings of
Experiment 2, where German 10- to 12- and 14- to 16-month-olds successfully distinguished the length contrast suggest that a parameter becomes
confused at the beginning of the second year of life only if it is employed as
a primary cue to phoneme distinction in the native language.
Summarising infants’ perception of native stop contrasts in between, the
following picture emerges. At the age of 10 to 12 months, infants’ perception
is well adapted to the native phoneme inventory and native stop contrasts are
reliably discriminated. The path to this ‘stage’ may be diﬀerent for diﬀerent
contrasts. For the ACT contrast (native for German infants), discrimination
ability was shown to be present already at 6 to 8 months of age. Thus, in this
case the contrast that is present at birth is maintained. Sensitivity to the CD
contrast (native for Swiss German infants), on the other hand, is not present
at birth but develops only with a certain amount of linguistic experience.
Nonetheless, infants of both nationalities have reached a similar stage at 10
to 12 months: They are able to distinguish the native phonemes. From then
onwards, perceptual development seems to continue in a parallel way. Both
German and Swiss German infants seem to lose their ability to discriminate
the native contrast at the age of 14 to 16 months. In the discussion of
the data of German infants (section 7.3), methodological errors as well as
problems originating from stimulus properties or induced by heightened task
demands were ruled out as explanations for the unexpected failure of 14- to
16-month-olds to discriminate a native contrast. The same arguments apply
to the present data. Regardless, Swiss German parents were tested on their
perception of ACT and CD contrasts (see section 9.2). But before turning
to Swiss German adults’ perception, Swiss German infants’ discrimination
capacities regarding the laryngeal contrast shall be discussed.
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Swiss German Infants’ Perception of the ACT Contrast

With regard to the non-native contrast, the looking times as found in the
main analysis seem to support the first option predicted for Swiss German
infants’ perception of the ACT contrast (see table 9.1, p. 230). According
to this analysis, only the youngest age group succeeds in discriminating the
laryngeal contrast, Swiss German infants aged 10 months and older seem
to fail. Table 9.2 (p. 235) makes clear that the results look diﬀerent when
taking the re-analysis into account. As shown before, the re-analysis is a
means to enhance eﬀects that were weak or even invisible in the main analysis (cf. chapters 6 and 7). Accordingly, it is plausible to assume that the
outcome of the re-analysis provides a better indication for Swiss German
infants’ discrimination skills than the main analysis. From this perspective,
all three age groups seem to be able to distinguish the short lag/long lag
stop contrast. Thus, the infants succeed in discriminating a contrast that
Swiss German adults do not use to make a phoneme distinction in production (cf. Kraehenmann 2001, 2003). The pilot test (section 5.3) brought to
light that Swiss German adults are nonetheless able to use the ACT cue in
perception to identify stops. Considering both the adult data and the results
of Experiment 5, the infant data suggest that the Swiss German adults did
not relearn to distinguish the laryngeal contrast at some point in their perceptual development when they started to be exposed to Standard German
regularly. Rather, it seems that the laryngeal contrast is present from birth
and is maintained into adulthood.
As shown in chapter 5, it is not always the case that the laryngeal contrast between voiceless unaspirated and voiceless aspirated stops is maintained in adulthood although it is a non-native contrast. Dutch adults
failed to categorically distinguish stops varying in ACT. Hence, the findings
on Swiss German adults’ perception of non-native ACT contrasts in stops
suggest that there are two diﬀerent perception patterns in adulthood. Either the ACT contrasts are distinguished in a categorical way (as by the
Swiss German adults) or adults fail to distinguish stops varying in ACT (as
observed for native speakers of Dutch). The data on infants’ early speech
perception suggest that the ability to discriminate stops with a short voicing lag from stops with a long voicing lag is present from birth. Taken
together, the insights into adult and infant perception of ACT contrasts in
stops suggest the following developmental processes.
Infants start life with a universal sensitivity to distinguish a stop with a
short voicing lag from one with a long voicing lag, that is, infants all start
from the same basis with a kind of ‘default boundary’, as depicted schemat-
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ically in figure 9.3. Such an assumption is supported by previous reports on
infants’ successful discrimination of short lag/long lag contrasts (e.g., Eimas
et al. 1971; Kuhl & Miller 1975; see also chapter 4) and also by the present
data which seem to indicate that Swiss German 6- to 8-month-olds are able
to distinguish the lag contrast. It appears that after the first half year of
life the developmental paths infants take, start to diverge contingent on the
phonetic properties of the mother tongue. If the native phoneme inventory
distinguishes voiceless unaspirated from voiceless aspirated stops (i.e., if the
native language is an aspiration language), as for instance German or English, the default boundary remains intact. Infants might have to make some
minor adjustments to align it to the particular native phonetic properties
(see, e.g., Burns et al. 2003, 2007), but the ability to discriminate stops with
a short voicing lag from stops with a long voicing lag is maintained.

Figure 9.3: Universal perception pattern in the first half year of life: A
default boundary separates tense and lax stops. The boundary is maintained
by speakers of so-called aspiration languages.

If the language an infant acquires as his/her mother tongue does not employ
the distinction between a short voicing lag and a long voicing lag to diﬀerentiate two stop categories in its phoneme inventory, that is, if the short
lag/long lag opposition is a non-native contrast, there are basically two
lines of further perceptual development regarding that contrast, depending
on the phonetics of the particular language. The first possibility is that the
stop system of a given language might include a two-way laryngeal contrast
that is diﬀerent from the short lag/long lag opposition. In other words, a
tense/lax contrast might be phonetically implemented as a contrast between
voiceless stops on the one hand and prevoiced stops on the other hand, as
for example in Dutch and French. Thus, in languages of this type (referred
to as voice languages in chapter 3), the default boundary has to be shifted
along the laryngeal continuum to adapt to the native phonetic system (see

240

9 Swiss Germans’ Perception of Stop Contrasts

figure 9.4).3 The second developmental path is found in Swiss German,
a language in which all stops are produced in the short lag region of the
voicing continuum. A diﬀerent dimension is used to distinguish two stop
categories, namely the duration of the closure phase. So one could speak of
a non-laryngeal language. For this type of languages, it is assumed that the
laryngeal dimension and with it the default boundary remain unaﬀected by
the stop contrast, as shown in figure 9.5. Hence, in this case the ability to
discriminate the non-native short lag/long lag contrast is maintained. This
might be an explanation for the finding that Swiss German adults are able
to use the non-native ACT cue for categorising stops whereas Dutch adults
fail to do so.

Figure 9.4: Boundary shift taking place after the first half year of life for
speakers of so-called voice languages.

In sum, the findings of the present experiment and of the pilot perception
test suggest that, initially, infants are sensitive to the ACT contrast irrespective of the phonetic implementation of phoneme contrasts in their mother
tongue. Based on the findings of adults’ and infants’ perception behaviour,
it is proposed that if the native language is a so-called voice language, the
contrast is lost due to a boundary shift, as found in the perception test with
Dutch adults. If, however, the native language does not use the laryngeal
dimension to make a stop contrast, the distinction remains perceptible into
adulthood, as in the case of Swiss German adults. Yet, further research is
3

Recall that the literature review in chapter 4 suggested that, although some rudimental
sensitivity to lead contrasts might be present early on, infants in their first months of life
have more diﬃculties in discriminating lead contrasts than lag contrasts. Due to the
apparent predominance of the lag boundary it seems plausible to speak of a category
shift, even if the infants should have both, a lead and a lag boundary at the beginning of
life (a question that cannot be settled completely, given the ambiguous reports on infants’
perception of lead contrasts; see section 4.3). Accordingly, the suggested category shift
may be considered either as a shift of the strong default boundary to collapse with a
weaker pre-existent lead boundary or as a shift of the lag boundary to a region where no
boundary was located before.
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Figure 9.5: In non-laryngeal languages phoneme contrasts are made on a
basis other than laryngeal contrasts. Although the universal boundary on the
laryngeal continuum is not used actively, it remains functional.

needed (a) to corroborate the preliminary data on Swiss German infants’
perception of both laryngeal and length contrasts on which the present considerations are based, and (b) to verify both the ‘variation explanation’
suggested for infants’ failure to distinguish native stop contrasts at 14 to
16 months of age as well as the proposal of a default laryngeal boundary
that might or might not become dysfunctional depending on the phonetic
properties of the native language. For the time being, a perception experiment with the Swiss German infants’ parents on their ability to categorise
stops diﬀering in either ACT or CD is at least supportive with regard to the
latter hypothesis. The results of the pilot perception test are replicated with
Swiss German parents’ successful discrimination of the non-native laryngeal
contrast. The experiment with Swiss German parents will be presented in
the following section.
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Experiment 6: Swiss German Parents’
Perception of ACT and CD Contrasts

Parallel to the infant tests and in analogy to Experiment 3 with German
parents, the parents of the Swiss German infants were tested on their ability to categorise stops diﬀering in either ACT or CD. As in the case of the
German parents, it was argued that parents’ perception might be a better
indicator as to how stop contrasts are perceived in the infants’ direct environment than the perception of the students tested in the pilot test. The
same forced-choice categorisation task that was conducted as a pilot study
(cf. section 5.3) and with the German parents (cf. section 8.1) was run with
the parents of the Swiss German infants as well.

9.2.1
9.2.1.1

Method
Participants

50 native Swiss German adults from the canton of Thurgovia and nearby
participated in the experiment.4 After the infant test, parents were asked to
take part in a perception task themselves. 23 of them were tested on their
ability to categorise stops diﬀering in ACT (aged 25 to 45 years; 7 male)
and 27 were tested on the categorisation of stops with diﬀerent CD values
(aged 25 to 44 years; 8 male). No hearing deficiencies are reported.
9.2.1.2

Stimuli and Procedure

The stimuli, procedure and apparatus in the present experiment were the
same as in the perception test with German adults (Experiment 3).

9.2.2

Results

The pooled categorisation curves of Swiss German parents’ perception of
stops diﬀering in ACT and CD are provided in figure 9.6. For both phonetic
parameters, the curves display an s-shape, indicating categorical perception.
Labial stops with an ACT of 15 ms and less were predominantly categorised
as lax while stops with an ACT of 25 ms and more were perceived as tense.
Stops with a CD of 80 ms and shorter were classified as lax, those with a
4

Like the German participants, the infants were mostly accompanied by their mothers
and sometimes by both parents when visiting the Baby Speech Lab. Therefore, there are
(a) more adult than infant subjects and (b) more female participants in the present test.

9.2 Experiment 6: Swiss German Parents’ Perception of Stops

243

CD of 125 ms and longer were mostly assigned to the tense category by the
Swiss German listeners.
The curve showing Swiss German parents’ perception of stops diﬀering
along the CD continuum is slightly less steep than the curve representing
the perception of stops varying in ACT. This result replicates the findings
of the pilot perception test with Swiss German adults and suggests that the
boundary between the laryngeal categories (short lag vs. long lag) is more
clear-cut than the boundary between singletons and geminates.

Figure 9.6: Pooled categorisation curves of Swiss German parents’ perception
of stops diﬀering in ACT and CD.

9.2.3

Discussion

The present data are similar to the results of the pilot perception test with
Swiss German adults presented in chapter 5. The finding of the pilot tests
that Swiss German adults succeed in using both ACT and CD as reliable
cues to phoneme distinction was replicated in the present experiment. Regarding the native CD cue, the curves of the two tests (figures 5.10, p. 139,
and 9.6) are nearly identical with a boundary region between CD values of
80 ms and 125 ms. In both tests, the stimuli with CDs of 95 ms and 110 ms,
respectively, fell into a sort of ‘transition area’ where the stops could not be
unambiguously assigned to one of the two native phoneme categories. This
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finding suggests that Swiss German adults’ perception of length contrasts in
stops is ‘less categorical’ than the perception of laryngeal contrasts, for which
a more abrupt leap from one category to the other was observed. Nonetheless, one cannot speak of a thoroughly continuous perception either, since
the curve does not rise linearly from one extreme (lax) to the other (tense).
Additionally, a comparison of the present CD-curve with the steadily rising
CD-curves of German adults (figures 5.10, p. 139, and 8.1, p. 214) emphasises
the categorical perception of CD contrasts by Swiss Germans in contrast to
the continuous perception pattern displayed by Germans.
The reasons why categorical perception in the case of Swiss German
adults’ perception of CD contrasts is less clear-cut than the perception of
ACT contrasts shall not be further explored at this point. The crucial
insight with respect to parents’ categorisation behaviour in terms of the
length contrast is that the present results clearly show that the CD values
chosen for the infant experiments (Experiments 2 and 5) are appropriate
to represent two distinct Swiss German stop phonemes, namely a singleton
and a geminate. Furthermore, the present findings provide more evidence
for the assumption that the two stop representatives selected for the infant
tests are near to the boundary region, making them prone to confusion as
soon as the categories become fuzzier.
The results for Swiss German parents’ perception of stops varying in
ACT were also similar to the results of the pilot perception test. Both experiments reveal reliable categorical perception of stops with diﬀerent ACT
values although Swiss German does not use the parameter to make stop
contrasts in production. Nonetheless, there are some minor diﬀerences in
the data of the two experiments which shall be pointed out briefly. To begin with, it was noticed that the ACT boundary was slightly shifted to the
right (i.e., to higher ACT values) in the present experiment compared to
the pilot test. The parents’ boundary seems to be located between 15 ms
and 25 ms of ACT, whereas the boundary in the pilot test lay between 10 ms
and 20 ms of ACT. The reasons for this small shift are unclear and the eﬀect
might be due to coincidence.5 Nonetheless, the consequences are interesting. While stops with an ACT of 15 ms fell into a region of ambiguity in the
pilot test with Swiss German adults (40% <p>-perception), they are mostly
5

Consider in this respect that the pilot study, Experiment 3, and Experiment 6 were
supposed to provide an idea about adults’ perception of laryngeal and length contrasts
in order to better understand infants’ reactions. They were rather ancillary studies than
fully elaborate experiments. A more precise investigation of adults’ perception skills would
have to include more repetitions of the diﬀerent stimuli and also, in addition to the categorisation task, a discrimination task.
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perceived as clear representatives of the lax category by the parents in the
present experiment (17.4% <p>-perception). Swiss German infants’ ability
to discriminate the ACT contrast (15 ms vs. 35 ms) is in line with their parents’ perception of labial stops with the same ACT values as belonging to
two distinct categories.
Finally, it shall be pointed out that Swiss German adults’ perception
curves of the ACT contrast are slightly less steep than the ACT-curves of
German adults. While the category boundary fell between the 15 ms- and
the 20 ms-stimuli for German adults, the boundary region was somewhat
broader for Swiss German adults, spanning the range between 15 ms and
25 ms. The 20 ms-stimulus received ambiguous judgments by the Swiss German parents.6 It could be assumed that the slightly less sharp category
boundary in Swiss German adults’ perception of ACT contrasts relates to
the fact that ACT is the primary cue to phoneme distinction in perception
and production in German, while in Swiss German phoneme contrasts are
based on CD, which is the exclusive cue to the distinction in production.
From an exemplar-theoretic perspective (see Pierrehumbert 2001, 2003), it
could be argued that Germans’ daily experience with the laryngeal contrast
has led to a distinct refinement of the categories with clear centres – or prototypes to use Kuhl’s terminology (e.g., Kuhl 1991; Kuhl et al. 2008) – and
rather clearly defined margins of the categories. Given the native length contrast and the absence of laryngeal contrasts in Swiss German, adults from
that language background have less experience with ACT contrasts. Although the default short lag/long lag boundary hypothetically introduced
above remains functional in the non-laryngeal language Swiss German, category edges might be somewhat blurred due to the lack of refinement through
regular experience.
Overall, the data on Swiss German parents’ perception of stops diﬀering
in ACT and CD are very similar to the findings obtained in the pilot study
and, crucially, they are in accordance with Swiss German infants’ perception
of a laryngeal and a length contrast. As mentioned before, Swiss German
adults’ and infants’ ability to discriminate a non-native laryngeal contrast
suggests that this capacity is present from birth and is maintained into
adulthood. It was hypothesised that, despite its phonemic irrelevance, the
laryngeal contrast is not lost since laryngeal configurations are not exploited
otherwise in the Swiss German stop system.
6

The situation was similar in the pilot study, but there it was the 15 ms-stimulus that
was ambiguous. This relates to the aforementioned rightward boundary shift in the present
experiment compared to the pilot test.
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Concordant with the adults’ CD-perception data, Swiss German 10- to
12-month-olds’ ability to discriminate the length contrast suggests that the
stops presented in the infant test are perceived as belonging to two distinct
phoneme categories, revealing contrast perception according to the native
phoneme inventory at the end of the first year of life. Swiss German 14to 16-month-olds’ failure to discriminate a native length contrast replicates
German 14- to 16-month-olds’ failure to discriminate a native stop contrast
with a diﬀerent phonetic parameter, namely CD. For both groups of children,
German and Swiss German, it was suggested that the formerly seemingly
stable native cues become confused a bit later when the infants are exposed
to an increasingly variable linguistic input. Yet, it is assumed that this confusion is present only for a short period of time in infants’ development and
that it vanishes with increasing experience. Consequently, Swiss German
14- to 16-month-olds’ failure to distinguish the singleton/geminate contrast
in Experiment 4 does not conflict with the present results of Swiss German
adults, who show a pattern of clear categorical perception based on consonant length. Yet, further research is needed to validate these assumptions.
In the following final chapter an overview of the insights gathered in
the present thesis will be provided. Sections 10.1 and 10.2 give a short
résumé regarding some basic assumptions drawn from previous research.
Subsequently the main findings and resulting conclusions of the experiments
conducted in the context of the present thesis will be summarised, addressing
open questions which, in turn, lead to the suggestion of future prospects. In
particular, section 10.3 concentrates on the experiments conducted to assess
production and perception of stops in adult speech. Section 10.4 will briefly
sum up the most important findings revealed by the experiments on infants’
perception of a laryngeal and a length contrast. Finally, section 10.5 will
take up methodological aspects that became an issue in the present work and
conclude with some more general remarks on language acquisition research.

Chapter 10

Summary and Conclusions
A basic assumption in infant speech perception research posits that regarding speech sound discrimination children start life with universal perceptual
skills that change to a language-specific perception along the lines of the
phoneme inventory of the respective native language in the course of the
first year of life. The present thesis put this hypothesis to test for two closely
related languages which are rarely investigated in the field of infant speech
perception, namely Standard German and Swiss German. For this purpose,
infants of three age groups, 6- to 8-, 10- to 12- and 14- to 16-month-olds, and
of both language backgrounds were tested on their ability to discriminate a
laryngeal contrast between tense and lax labial stops as it occurs in German
as well as a contrast between long and short labial stops as present in Swiss
German. The relevant phonetic parameters to determine the respective
contrast are after closure time (ACT) in German and closure duration (CD)
in Swiss German. Accompanying production and perception studies with
adults provide additional insights regarding the two contrasts focused on in
the infant tests. Overall, the present results lead to the conclusion that the
hypothesis mentioned above can be confirmed. Nonetheless, the findings
call for some reservations and additional remarks. An exemplar-theoretic
approach that allows for a relative flexibility in phoneme categorisation was
adopted to interpret the results.

10.1

Phonetic and Phonological Fundamentals

Chapter 2 summarises previous findings regarding the phonetic properties
of German and Swiss German stop contrasts and chapter 3 comments on
the respective phonological representations. Both languages distinguish two
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stop series, a contrast that for the sake of simplicity is referred to generally as a tense/lax opposition, irrespective of specific phonetic properties.
Chapter 2 demonstrates that the phonetic parameters to realise this distinction are diﬀerent in the two languages. For German, previous research
suggests that the tense/lax opposition is implemented as a laryngeal contrast
between voiceless aspirated and voiceless unaspirated stops. The primary
phonetic parameter in this contrast is ‘after closure time’ (ACT). The term,
which was coined by Mikuteit (2006), is considered to be a more appropriate description of the voicing lag following a stop’s release burst than the
conventional term ‘voice onset time’.
Based mainly on the work by Kraehenmann (2001, 2003), it is shown
that Swiss German does not make use of laryngeal configurations in order
to contrast two stop series. Instead, the Swiss German contrast is a singleton/geminate opposition. All stops are voiceless unaspirated and a contrast
is made in terms of length, with CD as the distinctive phonetic parameter.
Although phonological representations play only a minor role in the
present work, chapter 3 focuses on the abstract representations assumed
to mark the two kinds of contrast in the mental lexicon. A representation in terms of distinctive features is suggested for the German laryngeal
contrast. It becomes apparent that there is neither a generally accepted
feature framework nor a consent on the question which feature best represents short lag/long lag laryngeal contrasts like the one found in German.
In the wake of discussing the potential phonological representations of laryngeal contrasts, a typological distinction is made between voice languages
and aspiration languages. Tense/lax contrasts in German and in most other
Germanic languages are based on voicing lag diﬀerences, that is, on the absence versus presence of aspiration. Therefore, these languages are among
the latter type. Romance and Slavic languages as well as the Germanic languages Dutch, Afrikaans and Yiddish, on the other hand, make a phoneme
contrast between stops with a voicing lead and stops with a short voicing
lag and thus belong to the voice languages.
Swiss German is neither a voice language nor an aspiration language
since its stop contrasts are based on length distinctions instead of laryngeal
properties. Accordingly, Swiss German seems to diﬀer from German not
only with regard to phonetic aspects but also in terms of phonological representations. Following Kraehenmann (2001, 2003), it is assumed that the
Swiss German singleton/geminate contrast is not represented via distinctive
features but rather prosodically, by timing slots on a suprasegmental level.
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Regarding infants’ perception of these two types of contrast, it is made
clear that the present work concentrates on the phonetic aspects of the laryngeal and the length contrast. The infant experiments are devised to
assess infants’ speech sound discrimination skills without requiring phonological knowledge. The phonological implications that emerge from the different ways of representation and young children’s handling of such diﬀerent
phonological systems have to be left to future research, for instance to wordlearning studies examining whether prosodically represented contrasts like
the Swiss German length distinction are treated diﬀerently from contrasts
that are represented by distinctive features like laryngeal contrasts.

10.2

The Language Acquisition Background

Chapter 4 provides a review of the literature published on early speech perception. The development from universal to language-specific perception
mentioned already above is shown to be more complex than a simple reduction process from discrimination of all possible contrasts to the subset
of the native language. First of all, it becomes clear that contrasts may
diﬀer in their initial discriminability depending, for instance, on acoustic
salience. Some contrasts are easy to distinguish while others are more difficult and apparently require some practice. After the first year, the native
phoneme contrasts seem to be perceptually in place. Contingent on their
point of departure, they are either maintained if they are present already
early on, or else, their perception becomes facilitated. Robust discrimination
has to be acquired in some way if the contrast was hard to distinguish in
the first months of life. Diﬀerent developmental paths are observed also for
non-native speech contrasts. During the second half of the first year of life,
the discriminability may be lost or at least essentially reduced, but it may
also be maintained despite the phonemic irrelevance of the contrast for the
mother tongue. The perception of non-native contrasts seems to be closely
linked to the respective native phoneme inventory. The perceptual assimilation model (PAM) provides a theoretical model that takes the relation
between the non-native speech sounds and the native phoneme inventory
into account (e.g., Best et al. 2001; Best & McRoberts 2003). Nevertheless,
it becomes evident that it cannot cover all observed phenomena.
Particular attention is paid to infant speech perception research focusing
on laryngeal and length contrasts. A somewhat diﬀuse picture emerges
with respect to laryngeal contrasts. Abundant studies provide diﬀerent,
sometimes conflicting results. Yet, what can be filtered out of the diverse
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investigations is that lag contrasts between stops with a short voicing lag
and stops with a long voicing lag like the German tense/lax distinction
seem to be fairly robust and universally discriminable already in the first
months of life. Lead contrasts between prevoiced and voiceless stops like
in the voice languages, on the other hand, seem to be more diﬃcult to
discriminate for very young infants (e.g., Eimas et al. 1971; Eilers et al.
1979a; Aslin et al. 1981; Rivera-Gaxiola et al. 2005). There are not many
studies regarding consonantal length distinctions in infant speech perception.
The few available data are not completely clear either, but seem to suggest
that CD is rather diﬃcult to discriminate early on. Apparently, children
need some linguistic experience before they show robust discrimination of
long and short stops. The empirical data gathered in the present work
provide more insights into infants’ perception of both a consonantal length
contrast and a laryngeal contrast.
Besides very early speech discrimination, chapter 4 addresses another issue: 14-month-olds’ problems distinguishing native phoneme contrasts when
engaged in a word-learning task. In this context diﬀerent theoretical approaches to the acquisition of a phonological system are presented, amongst
others Pierrehumbert’s (2001, 2003) exemplar-theoretic model of language
acquisition, which is resumed in later chapters in order to account for the
present data.

10.3

Stop Contrasts in Adults’ Speech

Several experiments examining adults’ perception and production of stops
were conducted in the context of the present work. They had two purposes.
Firstly, the pilot tests provided some orientation regarding the use of the two
phonetic parameters of interest, ACT and CD, in German and Swiss German stops in precisely the same context that was also used for infant testing,
providing among other things an idea about phoneme boundary locations.
Thus, they were a prerequisite to be able to select appropriate values for the
stimuli of the infant experiments. Secondly, perception experiments with
parents and another production experiment with German adults support
the findings of the pilot studies and oﬀer additional information to accompany the interpretation of the infant data. Besides, the adult experiments
are informative per se as they gather insights on stop production and perception in a phonological environment (intervocalic pretonic position) that
is focused on relatively seldom. Most studies on stop contrasts examine
stops in utterance-initial position or in a posttonic word-medial context.
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In particular, the production experiments with German adults (the pilot production test presented in section 5.2, and Experiment 4 reported on
in section 8.2) both revealed that stops following schwa and preceding the
stressed vowel /a/ diﬀer considerably in their ACT values depending on
whether they are lax (mean ACT around 12 ms) or tense (mean ACT between 60 ms and 70 ms). The CD diﬀerences measured for lax stops on the
one hand and tense stops on the other hand were much smaller and in both
experiments a lot of overlap is present between the respective CD values of
lax and tense stops. Nonetheless, the category diﬀerences were shown to be
statistically significant in Experiment 4. An overall diﬀerence between lax
and tense stops, irrespective of their position, was found for labials, which
are longer when belonging to the tense category (mean CD=87.72 ms) than
to the lax (mean CD=82.03 ms). For stops of all three PoAs a significant
length diﬀerence between tense and lax stops could be observed only in
word-medial but not in word-initial position. Moreover, CD values in wordinitial lax stops were found to be significantly longer (mean CD=72.11 ms)
than in word-medial lax ones (mean CD=67.66 ms), but only when all PoAs
were included and the analysis was not restricted to labials only. With the
eﬀects both of phoneme category and word position, Experiment 4 suggests
that CD might either be considered as a cue to category distinction, at least
in word-medial position, or, alternatively and restricted to lax stops only,
as a word segmentation cue in German.
Besides the production experiments, the pilot perception test (section
5.3) as well as Experiments 3 (section 8.1) and 6 (section 9.2) provide some
insights into adults’ ability to distinguish stops diﬀering either in ACT or in
CD. It is shown that ACT is perceived categorically by German and Swiss
German adults but not by native speakers of Dutch. Such an outcome was
predicted for German adults since the German tense/lax opposition is a laryngeal contrast between stops with a short voicing lag and stops with a long
voicing lag. For both Swiss German and Dutch listeners ACT diﬀerences are
assumed to represent a non-native contrast. The diﬀerential perception behaviour in the two groups of participants is explained by the fact that Dutch
employs a diﬀerent laryngeal contrast (a lead contrast) that was not covered
by the categorisation task whereas the laryngeal dimension is not at all exploited contrastively in Swiss German and thus, the assumed default boundary between a short and a long voicing lag persists. Regarding consonant
length, the perception tests reveal that, unlike German adults, Swiss Germans display categorical perception along a CD continuum of labial stops.
For the German participants, only a tendency to classify stops with a longer
CD as tense rather than shorter stops could be observed. These findings
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are in line with the assumption that CD is the relevant cue to mark the
native singleton/geminate contrast in Swiss German, whereas a pure length
distinction is considered to be a non-native contrast in German. The results
gathered in the pilot perception study were replicated by Experiments 3 and
6, which examined parents’ perception behaviour.
Overall, the data on adults’ perception and production complement each
other nicely. Nonetheless, the perception studies could be extended and
refined by using more stimulus repetitions to be judged and by adding a
discrimination experiment to the present categorisation task. An ABX procedure1 used to assess discrimination skills might for instance reveal whether
German adults are able to discriminate fine CD contrasts when a more sensitive measure is applied. Furthermore, additional production data including
words with stressed vowels other than /a/ would allow to further determine
the use of CD in German and its suitability as a potential cue for category
diﬀerentiation or for word segmentation.

10.4

Stop Contrasts in Language Acquisition

At the heart of the present thesis is the investigation of German and Swiss
German infants’ perception of a laryngeal and a length contrast in labial
stops. Regarding early speech perception, it is assumed that infants start
life with universal perception skills, enabling them to discriminate nearly
all kinds of phonetic contrasts, irrespective of the phones’ relevance for the
language the infants are about to acquire. At the end of the first year of life,
infants’ perception adapts to the native phoneme inventory. Experiments 2
and 5 examined whether such a developmental pattern is found for German
and Swiss German infants listening to a laryngeal contrast (native in German, non-native in Swiss German) and a length contrast (native in Swiss
German, non-native in German) and how these contrasts are perceived by
slightly older children. Before summarising the main findings, it shall be
pointed out again that the data presented for Swiss German infants must
be interpreted with reservations since too few observations were available to
suﬃce for a statistical analysis.
For German and Swiss German infants, the pattern of perceptual reorganisation towards a language-specific perception of speech sound contrasts
1

In the ABX procedure, subjects are presented three stimuli, A, B, and X, with X
being identical either to A or to B. In order to determine their discrimination capacity,
participants are asked whether stimulus X is the same as stimulus A or stimulus B (see,
e.g., Liberman et al. 1957).
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in the first year of life could be confirmed in Experiments 2 and 5. Infants
from both language backgrounds succeeded in discriminating the respective
native contrast at the age of 10 to 12 months. The preceding developmental
paths, however, turned out to be diﬀerent for the two kinds of contrast.
With respect to the laryngeal distinction, the findings support the assumption that ACT contrasts are universally discriminable in the first half year
of life. Both German and Swiss German 6- to 8-month-olds succeeded in
discriminating the laryngeal contrast between a labial pretonic stop with an
ACT of 15 ms and one with an ACT of 35 ms. Consonantal length contrasts,
on the other hand, seem to be diﬀerent from most other contrasts in early
perception. Neither the German nor the Swiss German 6- to 8-month-olds
responded to the length distinction between a labial pretonic stop with a
CD of 80 ms and one with a CD of 120 ms. Apparently, the CD contrast
is not universally discriminable at the age of 6 to 8 months. Instead, the
results suggest that it has to be acquired with linguistic experience, similar
to some other contrasts of low acoustic salience.
A question considered to be worth pursuing in future research is why the
developmental paths observed for the two types of contrast are diﬀerent. It
might be that acoustic salience is not the only decisive factor. Consider in
this respect that the laryngeal short lag/long lag contrast seems to be based
on fairly stable ACT values. Consonantal length contrasts, however, seem to
be more variable across languages. Compare, for instance, the range of the
CD continuum selected by Cohen et al. (1992; 20 ms to 100 ms) to examine
English infants as opposed to the section chosen by Richardson et al. (2003;
95 ms to 255 ms) for Finnish. To put it diﬀerently, the laryngeal contrast
may be considered to distinguish between sounds within two quite clearly
defined ranges of ACT values whereas the length contrast appears to be
rather relational. This assumption is supported by the fact that laryngeal
contrasts are described by reference to the absolute ACT values. Length distinctions, on the other hand, are often indicated in terms of a ratio between
two contrasting segments (e.g., geminate : singleton). Moreover, two findings
from adult perception seem to provide further support for the assumption
that CD contrasts have a relative rather than an absolute nature. First, the
percentage of German adults’ /p/-perception in the pilot perception study
and in Experiment 3 rose continuously with increasing CD-values. There
seems to be no threshold value that biases perception towards one category
only, as in the case of Dutch listeners’ perception of the non-native ACT
contrast, who categorised nearly all stops as tense. Second, in the same two
experiments, the leap from the singleton category to the geminate category
in Swiss German adults’ perception curve for stops varying in CD was ob-
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served to be less abrupt than in the case of ACT diﬀerences. Hence, it seems
that CD is a phonetic parameter that becomes meaningful rather through
relational aspects than through absolute values. It is conceivable that it is
more diﬃcult to acquire such relations which, upon hearing one part of the
contrast, require to always keep in mind the respective counterpart than
recognising, for example, whether a stop is produced with or without aspiration. Yet, it remains to future research to verify or reject the hypothesis
that relational contrasts are acquired later than absolute contrasts.
The question whether the laryngeal and the length contrast diﬀer in their
degree of acquisition diﬃculty is not only interesting to consider from the
point of phonetics, but leads to an aspect mentioned before already, namely
the respective phonological representations of the two types of contrast.
Experiments tapping children’s phonological knowledge, like word-learning
tasks, could reveal whether the acquisition of feature-based contrasts like
the German laryngeal distinction diﬀers from the acquisition of contrasts
that are represented prosodically like the Swiss German length distinction.
In contrast to 10- to 12-month-olds’ reliable discrimination of the respective native contrast, Experiments 2 and 5 demonstrate that 14- to 16-montholds seem to be insensitive to these contrasts. With respect to this finding
it shall be emphasised once more that the phonetic contrasts presented to
the infants were precisely controlled for, digitally manipulated minimal contrasts. Although both the laryngeal and the length contrast correspond to
cross-category contrasts in adult perception, the distance between the respective tense and lax stops was smaller than the mean distance measured
in naturally produced speech that is not manipulated. Many of the previous
studies on infant speech perception used naturally spoken stimuli in which
the distance between the two opposed sounds is presumably larger than in
the present tests and in which the impact of potential secondary cues on
infants’ behaviour remains unclear.
14- to 16-month-olds’ unexpected failure to discriminate a respectively
native phoneme contrast was argued to be due to a phase of perceptual uncertainty at the beginning of the second year of life, which might be triggered
(a) by increasing speaker variation and (b) by infants’ own early, still highly
variable productions. The decline of the discrimination ability was sought
to account for by an exemplar-theoretic approach to language acquisition
which assumes that category structure is subject to input variation, which
may shape native phoneme categories over a long period of time before the
categories become adult-like. This hypothetical approach calls for future
research to verify whether input variation is indeed a determining factor
for 14- to 16-month-olds’ discrimination skills. A systematic investigation
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comparing the discriminative capacities of infants with day-care centre experience to infants who are mostly exposed to the speech of few caregivers
only could be a first step in this direction. Similarly, the impact of children’s own productions on phoneme perception could be assessed. Apart
from that, early speech perception in infants aged 14 months and older is
mostly examined in connection with phonological acquisition and children’s
word-learning skills. More studies are needed that focus on pure contrast
discrimination (as opposed to contrast distinction in word learning) in infants older than one year. Furthermore, it would be interesting to find out
which phonetic parameters, in addition to ACT and CD, are prone to be
confused at the age of 14 to 16 months.
Another unpredicted outcome of the present experiments was German
and Swiss German 10- to 12- and 14- to 16-month-olds’ sensitivity to the
respective non-native contrast. Two proposals were made to account for
German infants’ ability to discriminate the length contrast. Firstly, it was
suggested that infants aged 10 to 12 and 14 to 16 months may respond to CD
as a cue to word segmentation. The alternative explanation referred to CD
as a cue to categorical discrimination which infants attach more importance
to than adults. One suggested reason for infants’ heightened sensitivity
to CD contrasts was a general uncertainty in infants’ phoneme distinction
as opposed to the more experienced adults – an uncertainty that might
possibly be even intensified by increasing input variation and subsequent
confusion in terms of ACT. It was argued that because of this uncertainty,
infants might give cues a try even if they are not the most eﬃcient ones
to signal a contrast. Furthermore, it was hypothesised that infant-directed
speech (IDS) may contribute to infants’ sensitivity to the length contrast
as opposed to adults’ unreliable CD perception. A crucial task for future
research is to find out more about German IDS and, in particular, whether
CD contrasts in tense and lax stops in German are actually more pronounced
than in adult-directed speech. Since the results of Experiment 4 on adults’
production suggest significant CD diﬀerences both for a categorical as well
as a positional distinction, it did not allow ultimately to resolve the question
whether German infants aged 10 to 12 and 14 to 16 months in Experiment
2 responded to the CD contrast because they used it as a segmentation cue
or as a cue for categorical discrimination. Therefore, experiments explicitly
devised to assess children’s segmentation skills could shed more light onto
the idea that CD might help in finding word boundaries.
In contrast to the findings of German infants, Swiss German 10- to 12and 14- to 16-month-olds’ ability to discriminate the non-native laryngeal
contrast is in line with the adult perception data. The results were ex-
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plained by the assumption of a laryngeal default boundary separating short
lag stops from long lag stops. It was hypothesised that this boundary remains intact even if it is not relevant in the native language, if the native
language does not exploit the laryngeal dimension contrastively otherwise.
Further research is needed to reveal whether the assumption of such a default
boundary can be verified. Notably interesting in this context would be the
examination of other languages which do not use laryngeal configurations
to make phonemic contrasts.
Finally, there are some more general remarks concerning the present
experiments on infants’ contrast perception skills. First of all, it is necessary
to gather more data on Swiss German infants’ perception of both the ACT
and the CD contrast, in order to obtain statistically reliable results, to see
whether the inferences made upon the observed tendencies can be confirmed
or must be revised.
The present thesis looked at children acquiring an aspiration language
(German) and children acquiring what has been called a non-laryngeal language (Swiss German). The infant as well as the adult data were partly accounted for by reference to typological diﬀerences between these languages.
Of course the investigation would have to be extended to more languages of
both types to make robust typological propositions. Furthermore, it would
be of interest to have a direct comparison of the present findings to children
acquiring a voice language, for example Dutch or French. It was mentioned
that the tense/lax opposition in voice languages is implemented as a lead
contrast, which is more diﬃcult to acquire than the German lag contrast.
There is also reason to assume that lag contrasts are universally discriminable in the first months of life irrespective of the native language properties. It was suggested that speakers of a voice language have to shift the
default boundary to the lead region of the laryngeal continuum. An alternative, however, would be to assume that both contrasts are present in the
first months of life and only the one that is required by the native phoneme
inventory is kept. Accordingly, it would be interesting to see whether Dutch
or French 6- to 8-month-olds are able to discriminate a non-native short
lag/long lag contrast and at which age they show sensitivity to their native
laryngeal contrast between prevoiced and voiceless stops. As was shown
in chapter 4, it is not entirely clear whether lead contrasts are universally
discriminable in the first months of life or whether infants acquiring a voice
language develop a sensitivity to the contrast due to regular exposure to the
two types of phones. In addition, by testing older Dutch infants on the lag
contrast, further research could reveal whether the finding that Dutch adults
fail to categorise stops diﬀering in ACT is paralleled by infants’ perception.

10.5 Infant Speech Perception Research

257

The experimental design of Experiment 2 and also the planned design
for Experiment 5 were such that habituation on a non-native phoneme could
be avoided, implying that infants were tested on their native contrast in two
directions (from lax to tense and from tense to lax) but only in one direction (from lax to tense) regarding the non-native contrast. This design was
selected since infants’ performance in a test with habituation on a foreign
sound cannot be easily compared to their performance in a test where the
habituation stimulus is familiar. Further research may elucidate whether a
change in direction aﬀects infants’ discrimination skills, similar to the asymmetric results reported for within-category contrasts between prototypical
and non-prototypical sounds (e.g., Kuhl 1991).

10.5

Infant Speech Perception Research

Experiment 1 with German infants aged 6 to 8 months demonstrated that
the Switch Procedure, the method used for all infant tests in the present
thesis, works well to reveal infants’ capacity to discriminate a contrast of
two phonetically dissimilar nonsense words. In addition to the conventional
analysis, two new ways of analysing the data – the ‘re-analysis’ and the
‘control analysis’ – were introduced. It became evident that these alternative
perspectives on the data did not only confirm and strengthen the results
of the common ‘main analysis’, but even disclosed some eﬀects that were
invisible when applying only the traditional analysis. Thus, in order to
avoid overlooking eﬀects and to better assess infants’ speech discrimination
skills, it was proposed that the two supplementary analyses presented here
should generally be applied to data collected with the Switch Procedure,
in addition to the conventional main analysis. In any case, more studies
employing the Switch Procedure with the new analyses are needed to see
whether the enhancing eﬀects discovered here in Experiments 1, 2 and 5 can
be observed consistently.
In this context it shall be mentioned again that doubts were raised regarding the use of two diﬀerent test trials that are compared in the original
Switch Procedure, notably because the two trials are presented in diﬀerent orders to the infants, creating two diﬀerent situations. Children who
are presented the ‘same’ trial before the ‘switch’ trial are exposed to one
change in the auditory stimuli (from ‘same’ to ‘switch’), whereas children
for whom the ‘switch’ trial is the first test trial, the auditory signal contains
two changes (from habituation to ‘switch’ and from ‘switch’ to ‘same’). The
logic behind this asymmetrical set-up remains unclear and even if no test
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order eﬀects are expected, the incorporation of this additional factor seems
to be questionable. In contrast to the conventional analysis of the Switch
Procedure, the re-analysis as well as the control analysis proposed in the
present work follow the logic of classical habituation paradigms as applied
in other experimental procedures, where pre-shift attention is compared to
post-shift attention in order to determine children’s sensitivity to stimulus
contrasts. Being based on a simple dishabituation eﬀect (and without a
redundant test order factor), the outcome of the re-analysis is paid most
attention in the evaluation of infants’ discrimination skills in the present
experiments.
Considering the complete findings presented in the preceding chapters,
the present thesis provides new data on adults’ production and perception of
laryngeal and length contrasts. Not only by including the hardly-examined
length contrast it crucially contributes to the debate on early infant speech
perception. Furthermore, new insights on infants’ speech perception in the
second year of life are presented. Finally, the thesis introduces new analyses
for data collected with the Switch Procedure which help to better assess
infants’ perception skills.
The thesis shall be ultimately concluded with a very general remark on
language acquisition research. Overall, the present experiments examining
infants’ speech perception and the diﬀerent ways of looking at the data make
it obvious that the conclusions drawn on infants’ discriminative capacities
are rather sensitive to the applied method, perspective and statistical evaluation. Since it is impossible to directly ask infants about their linguistic
knowledge, detours, for instance via visual attention as in the present case,
must be accepted and there might always be some confounding influences
that cannot be controlled for or which are not even thought of. Relatively
high drop-out rates and specifically the often mentioned reason ‘fussiness’
indicate that there is a considerable percentage of subjects who just do not
want to cooperate in the way they are intended to. The insights that have
been gathered in infant speech perception research so far as well as the methods created to make these insights possible are amazing. Nonetheless, the
aforementioned aspects should not be lost sight of, when trying to generalise language acquisition data. After all, the participants in our studies are
children and their enthusiasm to discover the world certainly goes beyond
the research questions of the linguist.

Zusammenfassung
Die vorliegende Arbeit befasst sich mit der Wahrnehmung von Laryngal- und
Längenkontrasten in labialen Plosiven bei deutschen und schweizerdeutschen
Babys. Das Deutsche unterscheidet zwischen stimmlos unaspirierten und
stimmlos aspirierten Plosiven. Der ausschlaggebende phonetische Parameter
für diesen Laryngalkontrast ist VOT, welcher mit Mikuteit (2006) als ‘after
closure time’ (ACT) bezeichnet wird. Statt eines laryngalen Kontrasts findet
man im Schweizerdeutschen einen Längenkontrast zwischen kurzen Plosiven
(Simplexen) und langen Plosiven (Geminaten), der phonetisch über die Verschlussdauer (‘closure duration’: CD) gebildet wird.
In Bezug auf die frühe Sprachwahrnehmung geht man davon aus, dass
Säuglinge zunächst universelle Wahrnehmungsfähigkeiten besitzen, die es
ihnen ermöglichen, fast alle phonetischen Kontraste zu unterscheiden, unabhängig davon, ob die jeweiligen Laute in der zukünftigen Muttersprache
von Bedeutung sind. Gegen Ende des ersten Lebensjahres passt sich die
Wahrnehmung an das Phoneminventar der Muttersprache an (z.B. Werker &
Tees 1984). Die vorliegende Arbeit untersucht, ob dieses Entwicklungsmuster
auch für die Wahrnehmung bei deutschen und schweizerdeutschen Kindern
gilt, wenn sie einen laryngalen Kontrast (muttersprachlich im Deutschen,
nicht-muttersprachlich im Schweizerdeutschen) und einen Längenkontrast
(muttersprachlich im Schweizerdeutschen, nicht-muttersprachlich im Deutschen) unterscheiden sollen.
Im ersten Teil der Arbeit werden phonetische und phonologische Grundlagen sowie die relevante Spracherwerbsliteratur besprochen. Der zweite
Teil umfasst die Präsentation eigener empirischer Arbeiten und beginnt mit
einer Pilot-Produktionsstudie mit Erwachsenen. Darin wird gezeigt, dass
ACT im Deutschen der wesentliche Parameter ist, um die Laute /p/ und
/b/ vor betontem Vokal zu unterscheiden. Ein Kategorisierungsexperiment,
ebenfalls mit Erwachsenen, macht deutlich, dass Deutsche zwei Plosivkategorien aufgrund von ACT-Kontrasten perzeptiv unterscheiden können. Für
CD-Kontraste wurde hingegen keine kategorische Wahrnehmung beobachtet.
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Anders als die Deutschen sind Schweizerdeutsche fähig, in der Wahrnehmung
sowohl ACT als auch CD zu nutzen, um Plosive kategorisch zu unterscheiden. Die Wahrnehmungsstudie dient als Ausgangspunkt für die Experimente
mit den Babys, da sie zeigt, wo die jeweiligen Phonemgrenzen zwischen aspirierten und unaspirierten Plosiven sowie zwischen Simplexen und Geminaten liegen.
Alle Baby-Experimente wurden mit der ‘Switch Methode’ durchgeführt,
deren Funktionieren in einer Vorstudie mit deutschen Babys zwischen 6 und
8 Monaten erprobt wurde. Es werden neue Analysemöglichkeiten vorgestellt,
die es erlauben, Eﬀekte zu erkennen, welche mit der konventionellen Analyse möglicherweise übersehen werden. 6 bis 8, 10 bis 12 und 14 bis 16
Monate alte deutsche und schweizerdeutsche Babys werden anhand von
Experimenten auf ihre Fähigkeit hin getestet, einen Laryngal- und einen
Längenkontrast zu unterscheiden. Die Ergebnisse sind in der folgenden
Tabelle zusammengefasst.
Phonetischer Parameter
ACT
(phonemisch im Deutschen)

CD (phonemisch
im Schweizerdeutschen)

Hintergrund
Deutsch
Schweizerdeutsch
Deutsch
Schweizerdeutsch

6-8M
�
�
×
×

10-12M
�
�
�
�

14-16M
×
�
�
×

Die Ergebnisse bestätigen die Annahme, dass ACT-Kontraste im ersten halben Lebensjahr universell unterscheidbar sind. Daneben deuten die Daten
darauf hin, dass sich Längenkontraste in der frühen Wahrnehmung anders verhalten als die meisten anderen Konsonantenkontraste. Der CDKontrast ist im Alter von 6 bis 8 Monaten nicht unterscheidbar, sondern
scheint erst mit einer gewissen linguistischen Erfahrung erworben zu werden,
ähnlich anderer akustisch schwacher Kontraste (z.B. Narayan et al. 2010).
Als Grund für die Unfähigkeit der 14 bis 16 Monate alten Kinder, den
jeweils muttersprachlichen Kontrast wahrzunehmen, wird eine Phase der
perzeptiven Unsicherheit zu Beginn des zweiten Lebensjahres vermutet, die
durch zunehmende Variation im Sprachinput bedingt ist. Es wurde nicht erwartet, dass deutsche Kinder im Alter von 10 bis 12 und 14 bis 16 Monaten
den (mutmaßlich nicht-muttersprachlichen) Längenkontrast unterscheiden
können. Eine zusätzlich durchgeführte Produktionsstudie mit deutschen
Erwachsenen liefert zwei mögliche Erklärungen für diese Fähigkeit. Entweder reagieren die Kinder sensibler als Erwachsene auf CD als Signal zur
Phonem-Kategorisierung, oder die Kinder nutzen CD-Kontraste, um Wort-
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grenzen zu entdecken. Die Fähigkeit schweizerdeutscher Kinder, den laryngalen Kontrast zu unterscheiden, stimmt mit den Daten der Erwachsenen
überein und wird anhand typologischer Aspekte der Sprache interpretiert.
Darüber hinaus bestätigt eine Perzeptionsstudie mit den Eltern der Babys
die Auswahl der Stimuli für die Baby-Tests.
Zusammenfassend zeigen die Erkenntnisse zur Unterscheidungsfähigkeit
von Laryngal- und Längenkontrasten bei deutschen und schweizerdeutschen
Säuglingen, dass die zwei Arten von Kontrasten in der frühen Sprachwahrnehmung unterschiedlichen Entwicklungsmustern folgen. Die Doktorarbeit
trägt daher nicht nur mit der Untersuchung des bislang wenig erforschten
Längenkontrasts wesentlich zur Debatte um die frühkindliche Sprachperzeption bei. Neben der Fokussierung auf die Entwicklung der Sprachwahrnehmung in den ersten 12 Monaten, liefert sie neue Erkenntnisse in Bezug
auf die Wahrnehmung von Lautkontrasten im zweiten Lebensjahr. Außerdem werden neue Analyse-Möglichkeiten für Daten, die mit der Switch Methode erhoben wurden, vorgestellt, welche dazu beitragen, die perzeptiven
Fähigkeiten von Säuglingen und Kleinkindern besser einschätzen zu können.
Darüber hinaus präsentiert die Doktorarbeit neue Daten zur Produktion und
Perzeption von Laryngal- und Längenkontrasten bei Erwachsenen.
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Appendix A

Test Procedures in Infant
Speech Perception Research
Over the years, a number of experimental methods have been developed to
assess infants’ speech perception skills. The present section provides descriptions of the behavioural methods mentioned in the thesis. The indication
of age ranges for which a particular method is adequate is based on Johnson (2006). A more detailed overview, including remarks on advantages
and shortcomings of the diﬀerent methods, can be found in the experiment
descriptions oﬀered by Jusczyk (1997) and by Polka et al. (1995).

A.1

The Switch Procedure

In language acquisition research, the Switch Procedure is used for determining infants’ discriminative capacities and specifically to assess their perceptual sensitivity in early word learning. It is a suitable method to test infants
of a comparatively broad age range, starting at 3 months and possibly until
the age of 18 months.
In a three-sided experimental booth, the infant is seated on the caregiver’s lap, facing a large screen with speakers to the left and to the right
from which the auditory stimuli are presented. A video camera below the
screen records the infant’s head- and eye-movements. Behind the screen and
invisible to the infant the experimenter sees on a control monitor what the
infant is doing. By button presses on a computer keyboard the experimenter
measures the amount of time the infant looks to the screen, signalling attention and interest in the stimuli. In a first step, subjects are habituated to
two word-object pairings (e.g., they hear sound 1 and at the same time, ob265
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ject 1 is presented on the screen, then they hear sound 2 and see object 2
on the screen). A decline in looking time to a preset criterion indicates when
infants are familiar with the pairings and initiates the test phase, which consists of two test trials. Infants are presented a so-called ‘same’ trial, that is,
one of the two pairings presented already in the habituation phase, hence a
trial which the infants are already familiar with (e.g., sound 1 + object 1).
The other test trial is a so-called ‘switch’ trial. In this trial the combination
of visual and auditory stimuli is changed, so that the infants are confronted
with a pairing they are not yet familiar with (e.g., sound 1 + object 2).
The order in which the two test trials are presented to the infants is usually
balanced across participants. If infants detect the change in the stimulus
material, that is, if they are able to recognise the contrast, they are expected
to look/listen longer to the new pairing, that is, the ‘switch’ trial. If they
fail to recognise the change in the stimuli, there should be no significant
diﬀerence in looking times for ‘same’ and ‘switch’ trials, respectively.
The Switch Procedure is also used in simpler variants. Firstly, the task
demands can be lowered by presenting only one sound-object combination
in the habituation phase. In the test phase, the combination is repeated in
the ‘same’ trial. In the ‘switch’ trial, a new auditory stimulus is presented
in combination with the familiar object. Thus, the visual stimulus remains
the same during the whole experiment and the change occurs only in the
auditory signal. With this design the experiment can either be passed as
a word-learning task or as a simple discrimination task. In other words,
this variant makes it impossible to judge whether infants are recognising
the auditory stimulus as a label for the object presented on the screen or
whether the visual stimulus merely serves to focus infants’ attention to the
screen and a potential leap in attention during the ‘switch’ trial is only due
to the acoustic change but is not associated to the picture.
Another simplification turns the procedure into a clear discrimination
task. In this variant, the visual stimulus consists of a checkerboard pattern
in all trials (habituation and test phase). Only the auditory signal is changed
in the ‘switch’ trial. The idea behind this variant is that the checkerboard
pattern is not likely to be regarded as a nameable object. It rather functions
as a coloured pattern to centre infants’ attention. With this variant, it is
possible to avoid that the infants become engaged in word learning. This
latter variant is the one chosen for the experiments in the present thesis.
A series of experiments which makes use of the diﬀerent variants of the
Switch Procedure can be found in Stager & Werker (1997; see also, e.g.,
Werker et al. 1998a).

A.2 The Visual Fixation Paradigm
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The Visual Fixation Paradigm

The Visual Fixation Paradigm (VF) is sometimes also referred to as ‘operantconditioning visual habituation procedure’ (e.g., Best et al. 1988). It is used
to examine infants’ discrimination skills. The method is very similar to the
checkerboard variant of the Switch Procedure and thus also adequate to test
infants at the same broad age range. The experimental set-up is the same
as in the Switch Procedure. The infant sits on a parent’s lap and faces a
large screen with a camera attached below. The auditory stimuli are played
from speakers on the sides of a three-sided experimental booth and during
the presentation of the auditory stimuli, a checkerboard pattern is shown on
the screen. The major diﬀerence compared to the Switch Procedure lies in
the fact that the VF paradigm operates on the logic of classical habituation
paradigms in which pre-shift attention is compared to post-shift attention.
The experiment starts with a habituation phase in which infants are familiarised with one auditory stimulus. After reaching the habituation criterion,
a new stimulus is presented in one or more test trials. A significant recovery
of fixation duration on presentation of the new stimulus is interpreted as
successful discrimination of the contrast. If the infants fail to recognise the
alteration, attention stays low. Thus, the method diﬀers from the Switch
Procedure in that there is no ‘same’ trial in the test phase. Discrimination
performance is assessed by comparing the fixation duration during the final habituation trials to the fixation duration during the first ‘post-shift’
(i.e., test) trial(s). The VF method has been used consistently by Best and
her colleagues (e.g., Best et al. 1988; Best et al. 1995; also cf. Burns et al.
2003; Burns et al. 2007).

A.3

The Conditioned Head Turn Procedure

A commonly used method to investigate infants’ contrast discrimination
and categorisation skills is the Conditioned Head Turn Paradigm (CHTP),
sometimes also named ‘operant head-turning technique’. Infants from 6 to
18 months of age can participate in this kind of experiment. For this task,
the infant sits on the caregiver’s lap facing an experimental assistant who
silently tries to keep the child’s attention. At the same time, auditory stimuli
are played from a speaker to one side of the child. The child learns to turn
his/her head to the speaker when there is a change in the sound signal. This
means, there is a background stimulus which is sometimes interrupted by a
diverging target stimulus. If the infant notices the alteration in the stimuli,
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he/she will turn his/her head. Every correct head turn is rewarded by the
smiles and hand clapping of the experimenter. In addition, there is a dark
plexiglas box above the speaker. If the child makes a correct head turn, that
is, if there really had been a change in the stimuli, the box is illuminated
and an electrically animated toy starts moving. Then the light is switched
oﬀ again and the test continues, the experimenter at the table draws the
infant’s attention back to the front and to him-/herself. In case of wrong
head turns (i.e., false positives) the box remains dark. The whole scenery
is observed by a second experimenter from an adjacent room, invisible for
the child. The second experimenter controls the trial presentation and the
animation of the plexiglas box. The procedure was used, for example, by
Eilers et al. (1979a) and Aslin et al. (1981), and more recently by Anderson
et al. (2003) and Conboy et al. (2008).

A.4

The High Amplitude Sucking Procedure

A method that allows to test already very young infants (from birth to 4
months of age), is the High Amplitude Sucking Procedure (HAS). It can
be used to test whether infants are sensitive to sound contrasts and to reveal preferences between specific linguistic patterns. Infants’ interest in the
stimuli is assessed on the basis of their sucking behaviour. The infant is
placed in a child seat and given a modified pacifier that is able to measure
the rate and/or the power of the infant’s sucks. Faster and stronger sucking
indicate heightened attention. One possibility with the HAS procedure is
to conduct a test based on habituation. As in the VF method, the infant is
familiarised with one auditory stimulus and a rise in attention when a new
stimulus is presented is considered to indicate contrast discrimination. An
alternative variant of the HAS method is used to find out whether infants
have a preference for specific patterns in language. Each time the infant
increases his/her sucking rate compared to a previously determined baseline, stimulus presentation is activated. As soon as the sucking rate goes
back to the baseline, stimulus presentation is stopped. Thus, the infant is
allowed to determine by him-/herself whether and how long he/she wants
to listen to the stimuli. The comparison of infants’ sucking behaviour to
diﬀerent stimuli shows which stimulus was more interesting for the infant.
The habituation variant of the HAS procedure was used, for example, in the
study by Eimas et al. (1971).

A.5 The Head Turn Preference Procedure

A.5
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The Head Turn Preference Procedure

Another method used for testing infants’ preferences for specific linguistic
patterns is the Head Turn Preference Procedure (HTPP) – also ‘preferential
listening’ method, which, according to Johnson (2006), can be used for infants between 4 and 24 months but is best suited for 6- to 8-month-olds. The
basic assumption for this kind of experiment is that the infants look longer
to those stimuli that they like better. Furthermore, the method makes use
of the fact that infants tend to look in the direction from where a sound
is emanating. In the test, the infant is seated on a caregiver’s lap, in a
three-sided experimental booth. At the beginning, a blinking light focuses
the infant’s gaze to the centre. At the side walls of the booth there are
speakers. The stimuli are presented only from one speaker at a time, sometimes from the left and sometimes from the right. The auditory stimulus
presentation is supported by lights next to the speakers which start blinking
when the speaker is active. Thus, upon stimulus presentation, the infant
turns his/her head toward the signal source and looks to the blinking light
and the speaker from which the stimuli are played. As soon as the infant
looks away, stimulus presentation is stopped. Stimulus presentation is controlled by an experimenter who observes the infant’s head movements either
through a hole beneath the centre light or with the help of a camera. By
comparing infants’ looking times to diﬀerent sorts of stimuli it is possible to
determine which of the stimuli is preferred by the infant. One option is to
start with a familiarisation phase and later test whether infants are more
interested in the familiar stimuli or in novel stimuli. In this context, a peculiarity of this method has to be mentioned. It has been found that infants
do not always respond in the same way to the stimuli. In some studies, they
exhibit a ‘novelty preference’, that is, they look longer to stimuli which they
have not heard before. But it might as well be that the infants look longer
to those stimuli that they are already familiar with; they show a ‘familiarity
preference’. It is not entirely clear why these diﬀerences exist. Sometimes,
age is mentioned as a factor. Jusczyk et al. (1999b) employed the HTPP
to examine infants’ segmentation skills. Butler et al. (2011) applied the
method more recently in a discrimination task, elaborating also on the issue
of novelty versus familiarity eﬀects.
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The Preferential Looking Paradigm

The Preferential Looking Paradigm (PLP) also appears as ‘split screen
paradigm’ or as ‘listening-while-looking procedure’ in the literature. It is
used to test word comprehension or word learning skills as well as the sensitivity to speech contrasts in children as young as 6 months up to 3 years.
Again, the infant is seated on a parent’s lap in a three-sided experimental
booth. In front of the infant is a large monitor in which two pictures are
shown, one to the left and one to the right of the screen. Below the screen is
a camera that records the infant’s head- and eye-movements. From speakers at the side walls of the booth the stimuli are presented. An exemplary
stimulus sentence would be: “Look at the ball! Can you see the ball?” If
the infant knows what a ball is, he/she will direct his/her gaze toward the
picture of the ball on the screen, resulting in longer looking times to the
picture of the ball than to the competitor picture. If the infant does not
understand what is meant by the stimulus sentence, his/her gaze will sway
between the two pictures and looking times to the two pictures will be similar. By this method, it is possible to test whether infants are sensitive to
small pronunciation mistakes (e.g., by asking “Can you see the pall?”). If
infants notice the violation, they will take longer to direct their gaze to the
correct picture. This method was extensively used by Swingley and his colleagues (e.g., Swingley & Aslin 2002; Swingley 2003; also cf. van der Feest
2007; Altvater-Mackensen 2010).

Appendix B

Pilot Production Study
B.1

Results for Native Speakers of Dutch
Table B.1: Detailed production data of Dutch speakers

Speaker
Dutch F1

Dutch F2

Dutch M1

Item
baar1
baar2
baar3
Mean
paar1
paar2
paar3
Mean
baar1
baar2
baar3
Mean
paar1
paar2
paar3
Mean
baar1
baar2
baar3
Mean

CD
95 ms
93 ms
93 ms
93.7 ms
122 ms
125 ms
135 ms
127.3 ms
120 ms
110 ms
128 ms
119.3̄ ms
139 ms
129 ms
139 ms
135.7 ms
89 ms
83 ms
74 ms
82 ms

ACT
10 ms
10 ms
8 ms
9.3 ms
23 ms
24 ms
19 ms
22 ms
8 ms
10 ms
8 ms
8.7 ms
13 ms
14 ms
13 ms
13.3 ms
18 ms
21 ms
15 ms
18 ms

Closure Voicing
present
present
present
absent
absent
absent
present
present
present
absent
absent
absent
present
present
present
(continued on next page)
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B Pilot Production Study
Speaker

Dutch M2

B.2

Item
paar1
paar2
paar3
Mean
baar1
baar2
baar3
Mean
paar1
paar2
paar3
Mean

CD
119 ms
102 ms
117 ms
112.7 ms
71 ms
74 ms
60 ms
68.3 ms
126 ms
113 ms
98 ms
112.3 ms

ACT
22 ms
26 ms
20 ms
22.7 ms
9 ms
8 ms
3 ms
6.7 ms
15 ms
16 ms
0.4 ms
10.5 ms

Closure Voicing
absent
absent
absent
present
present
present
absent
absent
absent

Results for Native Speakers of German
Table B.2: Detailed production data of German speakers

Speaker
German F1

German F2

Item
Bar1
Bar2
Bar3
Mean
Paar1
Paar2
Paar3
Mean
Bar1
Bar2
Bar3
Mean
Paar1
Paar2
Paar3
Mean

CD
100 ms
95 ms
100 ms
98.3 ms
115 ms
124 ms
121 ms
120 ms
67 ms
68 ms
54 ms
63 ms
80 ms
78 ms
75 ms
77.7 ms

ACT
15 ms
13 ms
15 ms
14.3 ms
73 ms
54 ms
53 ms
60 ms
7 ms
8 ms
10 ms
8.3 ms
53 ms
45 ms
46 ms
48 ms

Closure Voicing
absent
absent
absent
absent
absent
absent
present
present (partially)
present
absent
absent
absent

(continued on next page)

B.2 German Speakers
Speaker
German M1

German M2
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Item
Bar1
Bar2
Bar3
Mean
Paar1
Paar2
Paar3
Mean
Bar1
Bar2
Bar3
Mean
Paar1
Paar2
Paar3
Mean

CD
103 ms
90 ms
88 ms
93.7 ms
95 ms
96 ms
96 ms
95.7 ms
122 ms
119 ms
121 ms
120.7 ms
115 ms
121 ms
112 ms
116 ms

ACT
10 ms
10 ms
11 ms
10.3 ms
77 ms
68 ms
69 ms
71.3 ms
18 ms
18 ms
11 ms
15.7 ms
86 ms
80 ms
83 ms
83 ms

Closure Voicing
absent
absent
absent
absent
absent
absent
absent
absent
absent
absent
absent
absent
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Appendix C

Additional ACT Perception
Test with Adults
C.1

Method

Participants were 9 native speakers of German from the state of BadenWürttemberg (aged 23-34, 6 female). The stimuli, procedure and apparatus
were the same as in the pilot perception test on adults’ ability to categorise
stops diﬀering in ACT (see section 5.3.3 and also 8.1) with the only exception
that instead of a constant CD value of 105 ms, the silent interval was reduced
to a constant CD value of 80 ms.

C.2

Results

The pooled categorisation curves of adults’ perception of stops diﬀering in
ACT at a constant CD value of 80 ms are presented in figure C.1. As in
the pilot perception test where CD remained constant at 105 ms, German
listeners show clear categorical perception as indicated by the s-shape of
the curve. Labial stops with an ACT of 15 ms and less are assigned to the
German lax category whereas labial stops with ACT values exceeding 15 ms
are perceived as tense stops.
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C Additional ACT Perception Test with Adults

Figure C.1: Pooled categorisation curves of German adults’ perception of
ACT contrasts when CD remains constant at 80 ms.

Appendix D

Infant Tests: Additional
Data for Habituation Phase
For all three infant experiments (Experiment 1: control test with German
6- to 8-month-olds; Experiment 2: German infants’ perception of ACT and
CD; Experiment 5: Swiss German infants’ perception of ACT and CD) additional ANOVAs were run to safeguard that infants’ looking times dropped
significantly during habituation even when the final habituation trial, which
guarantees criterial decline, is excluded from the analyses. The ANOVAs
compare infants’ mean looking times during the first four habituation trials
to their mean looking times during the four habituation trials preceding the
final habituation trial. Looking time was the dependent variable in all three
analyses. In Experiments 2 and 5, which both include three diﬀerent age
groups, the factor age was nested under the random factor subject. In
Experiment 1, 2 of 32 observations (6.25%) were excluded from the analysis
due to looking times diverging from the group mean looking time by more
than two standard deviations. In Experiment 2, 9 out of 192 observations
(4.69%) and in Experiment 5, 1 out 84 observations (1.19%) were excluded
for the same reason. Table D.1 provides the independent variables included
in the analyses. In table D.2 the results are summarised. There were no
other main eﬀects or interactions than those given in table D.2.

277

278

D Infant Tests: Additional Data for Habituation Phase
Experiment 1
subject (random)
block (first | last)

Experiments 2 and 5
age (6-8M | 10-12M | 14-16M)
subject[age] (random)
block (first | last)
block × age

Table D.1: Independent factors included in the additional ANOVAs on infants’ habituation behaviour.

Exp.
1
2
5

Eﬀects
block
block
block

F (1, 14) = 174.99
F (1, 87) = 1552.10
F (1, 38) = 664.10

p < .0001
p < .0001
p < .0001

Mf irst
13.28 (1.74)
12.63 (1.46)
12.22 (1.73)

Mlast
9.64 (1.10)
9.11 (1.00)
8.89 (1.43)

Table D.2: Results of the additional ANOVAs evaluating infants’ looking behaviour in the habituation phase and mean looking times in s (and standard
deviation) during the first four habituation trials and during the four habituation trials preceding the final habituation trial.

Appendix E

Experiment 4: Stimuli
Table E.1: Production experiment with adults (Experiment 4): Sentences
with word-initial and word-internal stops following schwa and preceding /a/.

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Sentence
Sie musste noch ihre Tasche packen.
‘She still needed to pack her bag.’
Sie malte ein Gesicht auf die weiße Pappe.
‘She painted a face on the white cardboard.’
Der Wagen von Theo A. war gut gepanzert.
‘Theo A.’s car was well armoured.’
Der Schal hat gut zum Kleid gepasst.
‘The scarf went well with the dress.’
Das schönste Paar wurde fotografiert.
‘The most beautiful couple was photographed.’
Es gelang, eine große Panik zu vermeiden.
‘A big panic was successfully avoided.’
Die Wellensittiche haben sich gepaart.
‘The budgerigars mated.’
Er hat das Auto umgeparkt.
‘He moved the car to a diﬀerent parking lot.’
Er wollte eine Torte backen.
‘He wanted to bake a cake.’
Er küsste sie auf die linke Backe.
‘He kissed her on her left cheek.’

UR
/p/

Context
[@#"ph a]

[@"ph a]

[@#"ph a:]

[@"ph a:]

/b/

[@#"pa]

(continued on next page)

279

280

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

E Experiment 4: Stimuli
Sentence
Sie hat ein Mobile gebastelt.
‘She made a mobile.’
Sie haben um ihre Ernte gebangt.
‘They worried about their harvest.’
Die kleinste Bar der Stadt ist die beste.
‘The smallest bar in town is the best.’
Diese Bahnen fahren nur am Samstag.
‘These trains travel on Saturdays only.’
Er hat sich einen Weg durch die Menge gebahnt.
‘He cut a way through the crowd.’
Sie haben ihn gestern aufgebahrt.
‘They laid him out yesterday.’
Das gelbe Taxi wartete schon.
‘The yellow cab was already waiting.’
Nachdem sie getankt hatten, fuhren sie weiter.
‘After refuelling, they drove on.’
Der erste Tag war ziemlich verregnet.
‘The first day was rather rainy.’
Nach getaner Arbeit gehen wir schwimmen.
‘When we’ve done our work, we’ll go swimming.’
Der kleine Dackel bellte sehr laut.
‘The small dachshund barked very loudly.’
Ich habe ihm für die Hilfe gedankt.
‘I thanked him for his help.’
Eine Dame spricht nicht mit vollem Mund.
‘A lady does not talk with her mouth full.’
Der Bedarf an Medikamenten ist gestiegen.
‘The demand for medication has increased.’
Gute Karten machen das Spiel leichter.
‘The game is easier with good cards.’
Der Name war ihm schon seit langem bekannt.
‘He had known the name for a long time.’
Das lose Kabel musste befestigt werden.
‘The loose cable had to be fixed.’

UR
/b/

Context
[@"pa]

[@#"pa:]

[@"pa:]

/t/

[@#"th a]
[@"th a]
[@#"th a:]
[@"th a:]

/d/

[@#"ta]
[@"ta]
[@#"ta:]
[@"ta:]

/k/

[@#"kh a]
[@"kh a]
[@#"kh a:]

(continued on next page)
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28.
29.
30.
31.
32.

Sentence
Zum Dank bekam er einen Blumenstrauß.
‘He was given a bouquet of flowers in thanks.’
Der große Garten sollte gemäht werden.
‘The grass in the big garden needed to be cut.’
Sie begann den Tag mit einem Kaﬀee.
‘She started the day with a cup of coﬀee.’
Die kleine Gabel war vom Tisch gefallen.
‘The small fork fell oﬀ the table.’
Er begab sich auf die Polizeistation.
‘He gave himself in at the police station.’

UR
/k/

Context
[@"kh a:]

/g/

[@#"ka]
[@"ka]
[@#"ka:]
[@"ka:]
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Appendix F

Experiment 5: Participants
and Looking Times
F.1

Participants

Cond. 1
(ACT)
Cond. 2
(CD)

sa/sw
sw/sa
overall
sa/sw
sw/sa
overall

6-8M
female male
1
2
0
3
6
1
3
2
2
8

10-12M
female male
1
0
2
4
7
2
2
2
2
8

14-16M
female male
0
0
4
1
5
2
2
2
2
8

Table F.1: Distribution of Swiss German infants across conditions and test
order in Experiment 5.
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F.2

F Experiment 5: Participants and Looking Times

Looking times
Main Analysis
6-8M
same switch
ACT 5.72
7.62
CD

10-12M
same switch
9.26
9.64

14-16M
same switch
6.07
6.63

(3.04)

(3.19)

(2.59)

(2.59)

(2.08)

(2.75)

6.66

6.86

6.20

8.85

6.87

7.25

(2.02)

(3.64)

(2.09)

(2.84)

(3.87)

(4.28)

Table F.2: Looking times in ms (and standard deviation) of Swiss German
infants in Experiment 5 as analysed by the main analysis.

Re-Analysis

ACT
CD

6-8M
HTfin/sa switch
5.08
7.62

10-12M
HTfin/sa switch
6.53
8.96

14-16M
HTfin/sa switch
3.90
6.63

(2.93)

(3.19)

(3.54)

(2.02)

(2.13)

(2.75)

5.94

6.86

6.15

8.85

6.26

7.25

(1.38)

(3.64)

(2.43)

(2.84)

(3.25)

(4.28)

Table F.3: Looking times in ms (and standard deviation) of Swiss German
infants in Experiment 5 as analysed by the re-analysis.

Appendix G

Consent Form and
Questionnaire
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G Consent Form and Questionnaire

EINVERSTÄNDNISERKLÄRUNG
Titel des Projekts:

Wahrnehmung phonologischer Kontraste in der Mutter- und Fremdsprache deutscher
und schweizerdeutscher Kleinkinder

Projektleiterin:
Mitarbeiterin:

Prof. Dr. Janet Grijzenhout
Muna Pohl

Tel: +49 (0) 75 31 / 88 35 55
Tel: +49 (0) 75 31 / 88 25 87

Diese Einverständniserklärung vermittelt die grundlegende Vorstellung über den Inhalt und Ablauf des
Forschungsprojekts. Bitte stellen Sie uns Fragen, wenn Sie an einer bestimmten Stelle weitere Auskünfte
möchten. Auf Wunsch erhalten Sie eine Kopie dieses Schreibens.
ZIEL

Diese Studie untersucht, wie Kleinkinder Kontraste zwischen zwei Lauten wahrnehmen, die entweder in der
Mutter- oder in der Fremdsprache auftauchen. Das Deutsche und das Schweizerdeutsche sind zwei ähnliche
Sprachen, für einige Laute gibt es jedoch markante Unterschiede. Amerikanische Studien haben gezeigt, dass
Babys Laute unterscheiden können, die nicht in ihrer Muttersprache auftreten und die Erwachsene nicht mehr
wahrnehmen. Wir möchten nun herausfinden, ob dies auch auf das Deutsche und das Schweizerdeutsche
zutrifft. Wir werden die Lautwahrnehmung von Kindern zwischen 6 und 16 Monaten vergleichen.

ABLAUF

Wenn Sie sich zur Teilnahme entscheiden, werden wir Sie bitten einen Fragebogen auszufüllen, der uns
Aufschluss über den Sprachenhintergrund Ihres Kindes gibt. Anschließend werden Sie mit Ihrem Kind an
einem Wahrnehmungstest teilnehmen. Während des Tests sitzt Ihr Kind auf Ihrem Schoß und schaut auf
einen Bildschirm. Hin und wieder erscheint dort ein blinkendes Licht, um die Aufmerksamkeit Ihres Kindes zu
wecken. Wenn Ihr Kind auf den Bildschirm schaut, erscheint ein Schachbrett und gleichzeitig ertönt eine
Silbenfolge. Wenn Ihr Kind den Kopf vom Bildschirm abwendet, stoppt das Sprachsignal, und das blinkende
Licht erscheint wieder.
Wir bitten Sie während des Tests über Kopfhörer Musik zu hören, um die Reaktionen Ihres Kindes nicht zu
beeinflussen. Die Versuchsleiterin sieht Ihr Kind über eine Kamera und stoppt die Zeiten, in denen Ihr Kind
zum Bildschirm schaut. Die Videokamera zeichnet Ihr Kind während des Tests auf. Der Film wird dazu
benutzt, die Genauigkeit der Versuchsleiterin zu überprüfen. Selbstverständlich wird der Film nur für
wissenschaftliche Zwecke verwendet und vertraulich behandelt.
Der Test dauert insgesamt ungefähr 10 Minuten.

287

RISIKEN & NUTZEN

Die Teilnahme an diesem Projekt ist vollkommen ungefährlich. Da die Reaktionen als Gruppenergebnisse
ausgewertet werden, können wir keine Aussagen über die individuelle Sprachentwicklung der Kinder machen.
Ihr Kind erhält ein kleines Geschenk als Dankeschön für die Teilnahme.
FREIWILLIGE TEILNAHME & DISKRETION

Ihre Teilnahme an dieser Studie ist vollkommen freiwillig. Sie können den Test jederzeit abbrechen, ohne dass
sich dies negativ auf Sie auswirken wird. Um Ihre Anonymität zu bewahren, werden sämtliche Daten, die wir
während der Studie sammeln, verschlüsselt. Falls Sie weitere Fragen haben, können Sie Prof. Dr. Janet
Grijzenhout oder Muna Pohl gerne telefonisch kontaktieren.
EINVERSTÄNDNIS

Ich wurde über den Ablauf der Studie aufgeklärt und meine Fragen wurden vollständig beantwortet. Ich
stimme der Teilnahme an diesem Projekt zu.

Datum

Name des Kindes

Name der Mutter/des Vaters

Unterschrift

Name des Versuchsleiters

Unterschrift
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FRAGEBOGEN
Subject No.:

Datum:

Name des Kindes

Geburtsdatum

Name der Mutter/des Vater

Telefonnummer

GESPROCHENE SPRACHEN INNERHALB DER FAMILIE

Geschwister (Name & DOB)

Großmutter

Großmutter

VATER

Großvater

Großvater

ZUM BABY

KINDERTAGESSTÄTTE / TAGESMUTTER / SPIELGRUPPE

! nein

MUTTER

! ja, seit

Wie oft / wie lange? (Std./Tag; Tage/Woche)
Gesprochene Sprachen / Dialekte

289

GEHÖRTE SPRACHEN

WER?1

WOCHENTAGE

Mutter

Mo-Fr
Sa-So
Mo-Fr
Sa-So

Vater

GESPROCHENE SPRACHE(N)

STUNDEN AM TAG

Waren Sie mit Ihrem Kind schon im Urlaub?
! nein
! ja:
wo & wie lange?
SPRACHEN IN DER UMGEBUNG

In welcher Sprache schauen Sie fern/Filme?
In welcher Sprache hören Sie Radio?
Wenn Sie raten müssten, in welcher Sprache wird Ihr Kind seine ersten Worte sagen?
GESCHÄTZTE PROZENTZAHL DER GEHÖRTEN SPRACHEN ALLGEMEIN

Deutsch:
Schweizerdeutsch:

%
%

andere:

%
%

ZU GUTER LETZT

Wurde Ihr Kind jemals wegen einer Mittelohrentzündung behandelt?
! nein
! ja:
Hat Ihr Kind heute eine Erkältung / Mittelohrentzündung?

! nein

! ja

Dürfen wir Sie nochmals kontaktieren, wenn wir eine weitere Studie haben?

! nein

! ja

NOTIZEN

1

Jeden auflisten, der regelmäßig mit dem Kind Kontakt hat: Eltern, Geschwister, Großeltern, Verwandte, Babysitter etc.
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Tübingen: Niemeyer.
Hall, Tracy Alan. 2000. Phonologie. Eine Einführung. Berlin/New York:
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