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Schwa Syllables Facilitate Word Segmentation for 9-month-old
German-learning Infants

S(inja' Bartels', Isabelle Darcy” and Barbara Hohle'
University of Potsdam and “Indiana University

1. Introduction

Durin.g the second half of their first year of life, several months before they

speak their first words, infants become able to detect words in fluent speech
Research has found that infants make use of several different cues to segmelﬁ
words from fluent speech, among them statistical regularities (Saffran, Aslin &
Newport, ‘ 1996), allophonic variations (Jusczyk, Hohne & Bauma;1, 1999)
phonot:clctlc information (Friederici & Wessels, 1993; Mattys et al., 1999) an(i
prosodic / thythmical information (Jusczyk, Houston & Newsome, 1’999). In the
early stages of language acquisition statistical and prosodic cues seem to prevail
Later on, other cues become integrated as well. The weighting of the cues seems'
to change with age (Thiessen & Saffran, 2003; Mattys et al., 1999).
. The' focus of this article lies on segmentation by means of prosodic
mfor.matlon. For languages with a predominant trochaic stress pattern (like
English or Dutch) it has been found that by 9 months of age infants are able to
segment trochaic words from fluent speech. Dutch-learning infants are able to
segment trochaic words at the age of 9 months, but not yet at the age of 7.5
mqqths (Kuijpers et al., 1998). English infants, however, seem to develop the
ability to segment trochaic words from fluent speech already at 7.5 months
(Jusczyk, Houston & Newsome, 1999). What both of these studies had in
common was that all stimuli used in the experiments were trochaic words with a
final sc.hwa syllable. So what we do not know yet is whether the quality of the
vowe} in .the final syllable plays a role in the segmentation process as well. This
question is especially interesting with respect to the acquisition of German, since
schwa syllables have a very special distribution in German. ,

Tl}e goal of our research was first to establish whether the ability to segment
trochaic words from fluent speech appears in German infants at roughly the
same age as it does in Dutch and English infants and secondly to investigate the
question vyhether the quality of the vowel in the final syllable plays a rolcé in the
segmentation process as well.

_ _Section 2 presents the theoretical background. Section 3 looks at the
dlstnl?ution of schwa syllables in two corpora of German language. The
experiments which investigate our research questions are presented 1?1 section 4
A discussion follows in section 5. -

© 2009 Sonja Bartels, Isabelle Darcy, and Barbara Hohle. BUCLD 33 Proceedings,
ed. Jane Chandlee et al., 73-84. Somerville, MA: Cascadilla Press.
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2. Theoretical background: schwa syllables in German

With respect to vowel quality in unstressed syllables we will make a
twofold distinction: full-vowel syllables and schwa syllables. Examples for a
weak syllable with a full vowel are the final syllables of the words Kaktus
/'kaktss/ “cactus” and Panda /'panda/ “panda”. The nucleus of a schwa syllable
can be either a schwa as in the examples Vase /'vaiza/ “vase” and Freude
[*froyda/ “joy”or a syllabic consonant as in the examples Segel /'ze:gl/ “sail”
and Garten /" garty/ “garden”.

Unlike in English, where the vast majority of vowels in unstressed syllables
is reduced to schwa, in German a full vowel in an unstressed syllable is often
retained. The unstressed syllables of words like cactus and panda, for instance,
are pronounced with a schwa in English, but with a full vowel in German. In
other words: whereas vowel quality represents a correlate of stress in English, it
does not in German.

Schwa syllables in German have a very characteristic distribution: in
German, schwa never appears at the onset of words (Wiese, 1996). Schwa also
does not appear in the first syllable of monomorphemic content words, with the
exception of words prefixed by Ge- and Be- (Féry, 2001). Thirdly, schwa cannot
be the only vowel of a word (Wiese, 1996). On the other hand, schwa syllables
very often appear at the end of a word, forming a trochaic unit with the stressed
penultimate syllable (Eisenberg, 1991, Wiese, 1996). Additionally, schwa is the
only vowel that appears in inflectional suffixes in German.

Disyllabic German noun forms represent the most typical case of a word-
final schwa syllable and a trochaic stress pattern. For a large proportion of the
nouns, schwa is either part of the underived word, as in Hase /'ha:zo/ “bunny” or
Freude /'froyde/ “joy”, or it is part of the inflectional suffix, as in Bdren ['beran/
“bears”, Gaste /' gesta/ “guests” or Kusses /'kusas/ “of the kiss”. As such, schwa
syllables would represent a good cue to word endings in German.

3. The distribution of stress patterns and schwa syllables in German: a
corpus analysis

In this section we will have a closer look at the distribution of stress
patterns and schwa syllables in two different German language corpora. Section
3.1. looks at a corpus of written language and section 3.2. looks at a corpus of
child-directed speech.

3.1. Disyllabic noun forms in written language

For the analysis, the 2.5 version of the CELEX German database was used,
i.e. the third release (Baayen et al., 1995). All monomorphemic disyllabic noun
forms were extracted from the written corpora of the database. The original list
of 6,523 noun forms was purged manually of proper names, foreign words and
words that had been assigned the wrong number of syllables. The final list

75

consisted of 6,399 monomorphemic disyllabic nouns forms. Of these, 5,270

were stressed on the first syllable and had a final schwa syllable, 590 were

stressed on the first syllable and had a full vowel in the second syllable and 539

\jzivere stlressed on the second syllable. The percentage distribution is illustrated in
gure 1.

9% 9%

DOlambs

OTrochees / schwa

B Trochees / full vowel

82%

Figure 1: Monomorphemic disyllabic noun forms

A.s can be seen in figure 1, the overwhelming majority of nouns has a
trochaic stress pattern and a final schwa syllable.

3.2. Disyllabics in child-directed speech

For the experiments that will be presented in section 4 it is crucial to know
what the actual distribution of stress patterns and schwa syllables in the input of
children is like. Therefore, a further analysis was carried out on child-directed
speech. For this analysis, the Caroline Corpus of the CHILDES database
(MacWhinney, 2000) was used. The corpus was recorded when Caroline was
petween 10 months and 4 years and 3 months old. The recordings were made at
irregular time intervals and varied in length. In total, there are 239 transcripts of
recordings available on the database. During the recordings Caroline’s mother
was always present and interacting with the child. Thus this corpus not only
represents an extensive data pool of child language but also an extensive data
pool of child-directed speech. Since our main interest lies in the earlier stages of
language acquisition, only a subpart of all transcripts was chosen for the analysis.
In these transcripts, 60 in total, Caroline was between 0;11.25 and 1;11.02 years
old. The first two transcripts were not included in the analyses, since the
utterances in them and the transcripts themselves were very short. The 60
transcripts comprise 4,907 different utterances of the mother, amounting to
2,897 different word types and a total number of 34,063 word tokens. This t?me,
thf: analysis was carried out on all content words, not only on nouns. After
eliminating all monosyllabic words and words with more than two syllables
from the list, as well as interjections, onomatopoetic expressions, English words,
unknown brand names whose pronunciation cannot be verified in a dictionary
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»s imitation of her child’s
o. Vitam), non-words (e.g. the mother’s 1mi :
I(Iiifpromlmcie)itions) and words tﬁat have more than one poss%bledstga;s‘E g:stéerg,g Z
i i forms remained. X
! ber of 6,640 disyllabic content word
:Sfei I;l;rnelssed on the second syllable, 4,844 were stressed on the ﬁrslt1 sg;lla:éz
and had a final schwa syllable and 1,102 were stressed on the first syllable

i cond syllable. Among the latter ones were many
had @ ull VO amer mam hic);l were not eliminated from the analysis this

compounds and proper names W : .
timepin order to get a clear picture of what children actually hear. Figure 2 shows

the percentage distribution.

10% .
7 Olambs

17%

BTrochees/ schwa

& Trochees / full vowel

3%

Figure 2: Disyllabic content word forms

i i different from the one of the
As can be seen, the picture is not very
disyllas‘;)ic noun forms in section 3.1., except that there are a few more ‘rroc}flezls1
with a full vowel in the second syllable. The cverwhelrm_ng maj(t)lnty Ohaic
\content word forms are trochaic (90%) and a large proportion of the troc
0,
words has a final schwa syllable (81%). 4y s the following: N

The line of reasoning underlying our stu A,
syllables are indeed very frequent at the end of words, but not w1

they should — together with the trochaic stress pattern — {epresent la r:m:
effective cue to a word or a word ending than a trochaic foot aonf.ull
e trochaic foot alone would successillily

seementation strategy based on th ;
seZment a large part of the disyllabic content words. However, it would also

missegment syllables that do not form a word. Imagine the following example:

(1) a. Er legte den [Balken] auf die Strafle.
He put the beam on the street.

b. Der [Ball ist] auf die Strafe gerollt.
The ball has onto the street rolled
“The ball has rolled onto the street.’
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Stressed syllables are printed bold in the example. A segmentation strategy
based on the trochaic foot would successfully segment the words legre, Balken
and Strafe. But it would also missegment [Ball ist] as a single word.

The hypothesis whether a trochaic foot with a schwa syllable is a more
effective cue to a word or a word ending than the trochaic foot alone was tested
with the help of the same corpus of child-directed speech that had been used for
the analysis above. Of the mother’s 4,907 utterances 100 were randomly
selected. All trochaic feet that occurred in this subsample were analyzed with
respect to word boundaries and the quality of the vowel in the second syllable.
The procedure was the following: first of all, all stressed syllables in the sample
were marked. Utterances which had more than one possible stress pattern were
not included in'the analysis. In total, there were 390 stressed syllables. After that,
it was noted down for each of the stressed syllables whether the following
syllable was a schwa syllable or a full-vowel syllable and if there was a word
boundary between the syllables. The resuits are shown in figure 3.

100% ~
80%
60% Elno word boundary

40% HBword boundary

20%

0%

schwa syllable  full-vowel syllable

Figure 3: Syllable types and word boundaries

When the stressed syllable was followed by a schwa syllable, there was no
word boundary between them in 95% of all cases. On the other hand, if the
stressed syllable was followed by a full-vowel syllable there was a word
boundary between them in 80% of all cases and only in 20% of the cases the
syllables belonged to the same word. Thus, in direct comparison, a trochaic foot
with a schwa syllable would be a more effective cue to a word or a word ending
than the trochaic foot alone.

4. The role of schwa syllables in infants’ word segmentation

If infants are especially sensitive to distributional information during the
early stages of language acquisition, are German-learning infants also sensitive
to the distribution of schwa syllables in their language? And if so, do they use
this information to segment words from fluent speech? In order to investigate
this question we carried out two experiments. Experiment 1 tested whether 8- to
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9-month-old German-learning infants would be able to segment trochees with a
final schwa syllable from fluent speech and experiment 2 tested whether infants
of the same age also would be able to segment trochees with two full—vowel
syllables from fluent speech. If German-learning infants are sensitive fo the
distribution of schwa syllables, we would expect them to find it easier to
segment trochees with a final schwa syllable than to segment trochees w1't1? two
full vowel-syllables. Accordingly, we would expect that they show the ability to
segment trochees with a schwa final syllable earlier.

4.1. Experiment 1
4.1.1. Participants

Twenty-eight infants from the Potsdam area participated in the experiment.
The infants were 8 to 9 months old (average age: 8;26, range: 8;01 — 9;12). All
infants were healthy, term-born infants with a monolingual German fz;mily
background. Twelve of the infants were girls and 16 were boys. Thirteen
additional infants were tested but not included in the analysis because of failure
to complete the experiment or an average looking time of less than 3 seconds.

4.1.2. Stimuli

Four different trochaic words with a final schwa syllable were used as
stimuli: Balken /'balkn/ “beam™ and Pinsel /'pmzl/ “brush”, Felsen /'felzn/
“rock” and Kurbel /'korbl/ “crank”. All of the words had a CVC-C(V)C
structure.

For each of the four words, a 6-sentence text passage was created in which
the word appeared once in every sentence. Care was taken that the position of
the critical word varied across the sentences and that the words preceding and
succeeding the critical word were never the same. The following is an example
text passage:

Der Balken lag quer tiber dem tiefen Abgrund. Es war ein sehr
breiter und stabiler Balken. Uber diesen Balken spazierten die
Wanderer auf die andere Seite des Tales. Manchmal liefen auch
Kinder den Balken entlang. Auf dem dicken Balken zu spielen war
sehr gefihrlich. Zum Gliick ist noch nie ein Kind vom Balken
gefallen.

The material was recorded by a female native speaker of German who was
told to speak the four target words and the four text passages in a lively and
prosodically variable manner as if speaking to a child. Every target wo_rd was
recorded about 40 times in isolation, each time with a slightly different
intonation. Subsequently all the materials were digitized. Of the digitized
material, eight different audio files were created, one for each of the four text
passages and one for each of the four target words. The files for the target words
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contained about 30 different tokens of the relevant target word, with pauses of
600 ms in between. The audio files with the text passages had an average
duration of 19 seconds (Balken text: 18.65 s, Pinsel text: 19.19 s, Felsen text:
19.34 s, Kurbel text: 19.03 s).

4.1.3. Procedure

The experiment was carried out with a modified version of the Head-turn
Preference Procedure (HPP), the one that had been developed by Jusczyk and
Aslin (1995) to study infants’ segmentation strategies.

During the experiment the infant sat on the lap of a caregiver in the center
of a sound-attenuated test booth. To eliminate bias, the caregiver listened to
masking music over tight-fitting headphones. Inside the test booth, a green light
was mounted at eye level on the front wall. Directly above the green light was a
small round hole for the lens of a video camera which was used to record and
monitor the experiment. On each of the side walls, a red lamp was mounted at
the level of the infant’s head. Behind each of the red lamps was a loudspeaker
from which the stimuli were played.

Each trial began with the blinking of the green light on the front wall. As
soon as the child focused on that light, one of the red lights on the side walls
started to flash and the green light was extinguished. When the child had
oriented towards the flashing red light, the stimulus for that trial began to play
from the loudspeaker behind the flashing light and continued until its
completion or until the child looked away for more than two consecutive
seconds.

After that, a new trial was started. If the infant looked away for less than
two seconds the acoustic stimulus continued but the time was not included in the
orientation time. An experimenter in an adjacent room who could not hear the
acoustic stimuli watched the child via a monitor and coded the child’s looking
behavior using a button-box connected to a computer. The side from which each
stimulus was played was randomized by the computer software which was also
responsible for the termination of each trial.

The experiment started with a familiarization phase during which the
infants listened to two of the test words for at least 30 s on each of the two sides.
Half of the infants were familiarized with Balken and Pinsel and the other half
was familiarized with Felsen and Kurbel The familiarization phase was
immediately followed by the test phase. During the test phase all infants listened
to the four text passages. All text passages were presented four times in blocks
of four trials. Within each block the order of the text passages was randomized.

If the infants are able to segment trochaic words with a schwa syllable from
fluent speech, they should listen significantly longer to the text passages
containing the words with which they have been familiarized.
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4.1.4. Results

Mean orientation times to the texts with the familiarized wgrgs ;lgd H’:(f) a;ttlse
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speech.

4.2. Experiment 2
4.2.1. Participants

Twenty-four infants from the Potsdam and Berlin area participa’f’e(% él}l'cshi
experiment. The infants were 8 to 9 months old (average age: 8;25_, ranzl,eé ;man
9'?0) All infants were healthy, term-born infants w1§1 ; ?OIflﬁzgiﬁ‘am Se man

il i boys and half o
family background. Half of the infants were . S it for
i iti infants were tested but not included m |
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following reasons: failure to complete the exp s

tt?;le (())f(iess ﬁlan 3 seconds (2), fussiness or crymng (4), parental interference 1.

4.2.2. Stimuli and procedure
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i eriment 1. Since there are not enough t{oc aic wor "
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/‘lumr;os/ Melgat /'melgat/ and Rasnik /'rasnik/. None of the syllables wer
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similar to a derivational or inflectional affix and their segmental inventory was
as variable as possible. For the test phase, the text passages from experiment 1
were used with the only modification that the critical words were replaced by
the non-words above.

The material was recorded by a female native speaker of German who
spoke the four target words and the four text passages in a lively and
prosodically variable manner as if speaking to a child. Every target word was
recorded about 30 times in isolation, each time with a slightly different
intonation. Subsequently the whole material was digitized. Of the digitized
material, eight different audio files were created, one for each of the four text
passages and one for each of the four target words. The files for the target words
contained about 16 different tokens of the relevant target word, with pauses of
600 ms in between. The audio files with the text passages had an average
duration of 22.6 seconds (Tilsum text: 22.4 s, Lumpos text: 21.82 s, Melgat text:
22.15 s, Rasnik text: 21.87 s).

The procedure was the same as in experiment 1. Half of the infants were
familiarized with the target words Tilsum and Lumpos and the other half with
the target words Melgat and Rasnik. During the test phase, all the infants heard
the same four text passages. The text passages were presented four times in
blocks of four trials. Within each block, the order of the text passages was
randomized.

Again, if the infants are able to segment trochaic words with two full vowel
syllables from fluent speech, we expect them to listen significantly longer to the
text passages containing the words with which they have been familiarized.

4.2.3. Results

The infants had a mean orientation time of 5.59 s for the text passages
containing the familiarized words and a mean orientation time of 5.84 s for the
text passages with the non-familiarized words. Only 10 of the 24 infants listened
longer to the text passages with the familiarized words. A paired t-test indicated
that the difference in orientation time was not significant (t(23) = -.56, p = .58).
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Figure 5
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Thus, there is no evidence that 8- to 9-month-old German-learning infants
can segment a trochaic word with two full vowel syllables at the same age they
are able to segment a trochaic word with a final schwa syllable.

5. Discussion

Taken together, we provided evidence that German infants are able to
segment disyllabic words from fluent speech at roughly the same age as their
English and Dutch peers (Jusczyk, Houston & Newsome, 1999; Houston et al.
2000). However, this ability seems to be restricted to words that have a schwa in
their second syllable. This pattern mirrors distributional properties found in a
sample of German child-directed speech in which the overwhelming majority of
all disyllabic content words were words with a schwa in the final syllable. In
addition, the corpus analysis has revealed that for German, a segmentation
strategy that takes vowel quality into account would be much more successful in
finding word boundaries than a strategy which just relies on prosodic cues alone.

The difference in the infants’ reactions to the trochaic words with a final
schwa syllable and to the trochaic words containing two full-vowels allows for
two conclusions that are relevant for the interpretation of the data. First of all,
this pattern suggests that the children did not segment only the strong syllable of
the disyllabic words. Secondly, it is not only the repeated presentation of the
disyllabic strings in the familiarization phase that leads to a representation of
this string as a coherent unit and thus to its detection in the continuous speech of
the passages presented during the test phase. In fact, an explanation based solely
on an infant’s ability to analyze transitional properties (Saffran et al., 1996) does
not account for our data. In both of these cases, infants should have shown the
same results across the two experiments.

Thus, we can conclude that our experimental results show that a prosodic
cue like stress alone may not be sufficient for German infants to perform this
segmentation. According to our results, the German learners only seem to

segment the trochaic words when the second syllable contains a schwa vowel. |

This leaves open two possible explanations. On the one hand, it might be the
case that prosodic information is overridden by segmental information in the
case of words with a final full-vowel syllable. On the other hand, it might be the
case that prosodic information does not play a crucial role for the German
learners at all. Even though we cannot decide between these two possibilities on
the basis of the data reported here, there are findings that speak in favor of the
first one. Hohle and colleagues (submitted) found that German learners as young
as six months show a preference for strong-weak disyllabic strings even when
both syllables have a full vowel — an effect that did not show up with French
learning age peers. This suggests that German learners have developed a
trochaic bias by the age of six months given the dominance of trochaic
disyllabic feet in their input. We suggest that by the age tested in this experiment
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this bias may have been refined to a bias towards trochaic feet with final schwa
syllables.

Overall, our findings add evidence to the growing body of data which
den.lox'lstrates that infants’ word segmentation skills show crosslinguistic
variation and are shaped by the properties of the phonological system of the
target language from very early on (Nazzi et al. 2006; van Kampen et al., 2008).
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Structural Biases in Phonology:
Infant and Adult Evidence from Artificial Language Learning

Elika Bergelson and William J. Idsardi
University of Pennsylvania and University of Maryland

Introduction

Do biases in infant and adult language learning follow (or better yet, follow
from) typological biases observed cross-linguistically? The evidence obtained
thus far has been equivocal; the present study examines a previously uninvesti-
gated type of bias: are certain phonological processes preferentially associated
with certain positions in the word? In particular, do different phonological proc-
esses invoke different notions of finality? We investigated this question by
switching the environments between two phonological processes (final devoic-
ing and final stress) and testing adulits and infants on their learning preferences
between the typologically attested and unattested generalizations.

The infant language learner faces seemingly insurmountable challenges in
her first few years of life. Not only must she eventually figure out that words
exist, what they mean, and how they go together, but she must also (and perhaps
first) figure out the extremely complicated phonological system of her native
language. Fortunately, phonological systems are patterned and systematic. How-
ever, certain aspects of this systematicity seem quite difficult to induce from just
the raw input: while there are a plethora of phonological rules, many of which
simply vary on a given parameter (e.g. assimilation can be for various kinds of
place features as well as for laryngeal postures) if you look crosslinguistically,
there are certain systematic gaps in what kinds of patterns apply to what kinds of
phonetic elements.

Previous work on rule naturalness and its relationship to learnability has
provided mixed results. Some evidence that learners are biased towards attested
patterns comes from Berent et al (2008), who found that adult Korean speakers
prefer ‘bl’ onsets to ‘Ib’ onsets, even though neither onset type is attested in Ko-
rean. This preference reflects general linguistic universals. Other evidence,
however, such as Seidl and Buckley (2005) has shown that infants find some
‘unnatural’ rules just as learnable as natural ones.

Recently, Gerken and Bollt (2008), following up on work showing that mul-
tiple exemplars make it easier for infants to generalize phonetic rules, found that
9 month olds were unable to learn an unnatural rule (stress syllables starting
with ‘t’), but 7.5 month olds were able to learn this rule, arguing that perhaps
ability to learn unnatural kinds of rule alters over development.

Given the mixed results of previous work, we sought to test the relationship
between learnability and the attestation of phonological rules in the world’s lan-
guages. We tested 8-month-old infants and adults on rules that occur
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