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1. INTRODUCTION

The interaction between morphology and phonetics is an area for
which a lot of research is still needed (see e.g. Kawahara 2011). Some
findings favour the view that morphology does not influence speech pro-
duction, while others indicate that an interaction between morphology
and phonetics exists, i.e. there is an impact of morphology on the pho-
netic realization of speech.

One way to investigate this topic is to compare consonant combina-
tions across word-internal morpheme boundaries (morphonotactic con-
sonant clusters, e.g. /xt/ in German /max+t/ macht ‘(s/he) makes’), with
consonant combinations within a single morpheme (phonotactic conso-
nant clusters, e.g. /xt/ in German /maxt/ Macht ‘power’). Some consonant
combinations only exist across morpheme boundaries (purely morpho-
notactic clusters, e.g. /xst/ in German /max+st/ machst ‘(you) make’),
whilst others exist nearly only within morphemes (predominantly pho-
notactic clusters, e.g. /mpf/ in German /[tsompt/ Strumpf ‘sock’). There
are, however, several consonant combinations which occur both within
morphemes as well as across morpheme boundaries ((mor)phonotactic
clusters); these have been studied in the present paper. For purely mor-
phonotactic and predominantly phonotactic clusters, the cluster itself can
mark the presence or absence of a morpheme boundary. However, (mor)
phonotactic clusters have no boundary-signalling function. Hence, the
question arises of whether morpheme boundaries within consonant clus-
ters are marked phonetically. In order to investigate this question, the
present study analyses (mor)phonotactic consonant clusters in homoph-
onous word pairs, in word pairs of the same grammatical category, in
different positions within the target words (word-final and word-medial
clusters) and in languages/varieties with different typological classifica-
tions (word language, mixed-type language and quantifying language).?

! Acoustics Research Institute, Austrian Academy of Sciences, Vienna.
2 Subsets of the material analysed in this paper have already been analysed for con-
ference contributions and proceedings (Leykum, Moosmiiller & Dressler 2015a;
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2. STATE OF RESEARCH

2.1. INFLUENCE OF MORPHOLOGY ON SPEECH PRODUCTION

The few studies reporting an impact of morpheme boundaries on the
phonetic realization of spoken language show diverging results. Some
studies indicate an impact by a morpheme boundary on speech produc-
tion: several studies (Neu 1980; Guy 1991; Guy 1996; Guy, Hay & Walk-
er 2008; Myers 1995) on word-final /t, d/-deletion in American English
(AE) and New Zealand English revealed that there are fewer coronal
stop deletions when /d/ represents the regular past ending of conjugated
verbs. Equally, for Standard Dutch, Schuppler et al. (2012) found fewer
deletions of word-final /t/ when it constitutes a morpheme. Concerning
word-final /s, z/ in AE, Seyfarth (2016) spotted longer durations for the
stem and suffix of inflected verbs compared to the equivalent duration-
al measurements for uninflected homophonous words (Pluymaekers et
al. 2010). The above-mentioned findings, namely fewer reductions and
fewer deletions across morpheme boundaries, can be explained by the
importance of highlighting the morpheme boundary in order to enhance
the comprehensibility. Other studies, however, reported an influence of
morphology where the direction of the effect is opposed to the afore-
mentioned findings: Plag (2014) reported shorter durations of word-fi-
nal /s/ following a morpheme boundary for Dutch. Pluymaekers et al.
(2010) found an influence of morphology on the phonetic realization of
the Dutch suffix —igheid (/oxheit/): the cluster /xh/ is realized with a lon-
ger duration when it consists of only one morpheme; it is realized with a
shorter duration when the suffix is bimorphemic (the authors explain this
result by the Morphological Informativeness Hypothesis).

Contrary to these findings, other studies revealed no effect of mor-
pheme boundaries on consonant realizations: Zimmerer, Scharinger and
Reetz (2011, 2014) showed a large influence of the phonological context
on the realization of word-final /t/ in German, but no influence of the
morphological status of /t/. Equally, a study investigating realizations and

Leykum, Moosmiiller & Dressler 2015b; Leykum & Moosmiiller 2015; Leykum
& Moosmiiller 2016; Leykum & Moosmiiller 2017; Leykum & Moosmiiller 2018;
Leykum & Moosmiiller 2019). References concerning the corresponding papers or
abstracts will be given at relevant points. However, in the present paper, a broad and
detailed analysis of phonotactic and morphonotactic consonant clusters in speech
production is conducted, going far beyond a summary of previous studies on subsets
of the speech material.
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deletions of word-final /t, d/ in British English (BE) found a high impact
of the surrounding phonemes on the realizations or deletions of /t, d/, but
no influence due to morphology (Tagliamonte & Temple 2005). Seyfarth
(2016) investigated AE homophones and found, for stimuli ending in [t,
d], no influence of a morpheme boundary prior to the final stop on stem
duration or suffix duration.

Some studies investigated articulatory processes during the realiza-
tion of speech segments across morpheme boundaries. Cho (2001) inves-
tigated intergestural timing across morpheme boundaries in Korean by
means of electromagnetic articulography (EMA) and electropalatography
(EPG). He revealed that articulation is more stable in monomorphemes
and more variable across word-internal morpheme boundaries (in non-
lexicalized compounds) as well as across word boundaries. However, by
using combined acoustic-articulatory investigation methods (EMA, EPG,
laryngography), Nakamura (2015) detected only an influence of the pho-
nological context, but no impact of morphology on the realization or dele-
tion of word-final coronal stops in British English.

2.2. AIM OF THE STUDY AND HYPOTHESIS

Until now, acoustic investigations concerning the influence of mor-
pheme boundaries on consonant realizations have been limited to du-
rational measurements in a few languages. The present study not only
investigates two languages in which the phonotactic-morphonotactic dis-
tinction of consonant clusters has not yet been investigated (apart from
our own studies) but also adds the investigation of intensity measure-
ments to the analyses of durational measurements. In addition, contrary
to most of the aforementioned studies, which analysed single consonants
following morpheme boundaries, our study focuses on phonologically
homophonous (mor)phonotactic consonant clusters.

Apart from speech production, other research areas have studied pho-
notactic and morphonotactic consonant clusters. The processing of mor-
phonotactic clusters is assumed to be facilitated by the morphological
function of the consonant clusters (Korecky-Kroll et al. 2014; Celata et
al. 2015). In computer simulations, different cognitive representations for
the two types of clusters have been revealed (Calderone et al. 2014). Con-
cerning first language acquisition, the findings are mixed. Some studies
found that children learn to produce morphonotactic consonant clusters
earlier compared to phonotactic consonant clusters (Kamandulyté 2006;
Zydorowicz 2007), while others concluded that children learn both types



56 H. Leykum, S. Moosmiiller

of clusters at the same time (Freiberger 2007). The aforementioned in-
vestigations point out that in speech processing, computer simulations,
and language acquisition, differences between the two types of clusters
could exist. Therefore, as an extension of the Strong Morphonotactic Hy-
pothesis (Dressler & Dziubalska-Kotaczyk 2006), which is restricted to
an interaction between morphology and phonology (not phonetics), the
hypothesis of the present study predicts that these differences also exist
in speech production, even though the rare findings on speech production
are mixed. The hypothesis is as follows:

Consonant clusters across word-internal morpheme boundaries (mor-
phonotactic clusters) are expected to be more robust and more highlight-
ed in speech production than consonant clusters within a morpheme (pho-
notactic clusters).

Since language-specific differences are possible, three different lan-
guage types are compared in the present study: a word language (Standard
German German (SGG)), a mixed-type language (Standard Austrian Ger-
man (SAGQG)) and a quantifying language (Standard French (FR)). These
three types were chosen to investigate whether language-type-specific
timing characteristics have an influence on the highlighting/reduction of
consonant clusters. In quantifying languages, a distinction between ho-
mophonous phonotactic and morphonotactic clusters may disturb the tem-
poral pattern of the language (Moosmiiller & Brandstétter 2014). Thus,
reductions of phonotactic clusters and/or lengthening of phonemes in mor-
phonotactic clusters are expected to be less probable in quantifying lan-
guages. Therefore, with regard to the language type, it is hypothesized that
durational differences between phonotactic and morphonotactic clusters
will be more pronounced in SGG as compared to SAG, and the differences
are expected to be greater for both varieties of German than those in FR.

2.3. MATERIAL AND GENERAL METHODS

Stimuli

Comparisons of the acoustic characteristics of consonant clusters
within morphemes and across word-internal morpheme boundaries are
only conclusive when the clusters are phonologically homophonous.
Therefore, for the present study, several (mor)phonotactic consonant
clusters were chosen which occur in the same position within words, once
as a phonotactic cluster, and once as a morphonotactic cluster (emerging
from productive word-formation rules). Since morphonotactic consonant
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clusters in the word-initial position are not possible in German, only con-
sonant clusters in a word-medial and word-final position were considered
for the present investigation.

The target words were nouns, verbs, and adjectives with a (mor)pho-
notactic consonant cluster in a word-final or word-medial position. Within
each word pair, the phonemes preceding and (for word-medial clusters)
following the consonant cluster were kept as constant as possible to mini-
mize the influence of the phonological context on the realization of the
consonant cluster. Therefore, the target words with word-final consonant
clusters were pairs of homophonous words, which raises the problem that
we have to compare nouns and conjugated verbs. For the target words with
word-medial consonant clusters, word pairs belonging to the same gram-
matical category were chosen. The target words are listed in Table 1. Since
the word pairs were not matched for word frequency, this variable was
controlled for statistically. Word frequency values were extracted from
http://wortschatz.uni-leipzig.de (Quasthoff, Goldhahn & Heyer 2013).

Participants

Recordings of 16 speakers of Standard Austrian German (SAG) were
made. All these SAG speakers were, as defined by Moosmiiller (1991),
students (younger age group) or university graduates (younger and older
age group) who were born and raised in Vienna, with at least one parent
fulfilling the same criteria. The speakers can be assigned to two equal age
groups: the younger speakers were between 18 and 25 years old; the older
speakers were 45—60 years old. In both age groups, the speakers were
balanced for gender.

Additionally, recordings of six younger speakers (18-25 years) of Stan-
dard French (FR) and eight speakers (18-25 years) of Standard German
German (SGG) were conducted. In both groups, the speakers were bal-
anced for gender. The speakers of FR were students or university gradu-
ates originating from the region Ile-de-France; all speakers of SGG were
born and raised in the northern part of Germany (north of the Benrath line).
For all participants, the same criteria were fulfilled by at least one parent.

Recordings

The recordings were conducted in a semi-anechoic sound booth (IAC-
1202A). In the recording session, after a semi-structured interview, the
participants undertook several reading tasks. For one reading task, the
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target words were embedded in carrier phrases in a post-focal position.
For this, the participants were told that they had to correct a misunder-
standing concerning the addressee of an utterance. In the sentences, the
pronoun or name was printed in bold, and the participants were asked to
stress the pronoun/name when reading the sentences. This type of carrier
phrase and the corresponding instructions were chosen to avoid stress on
the target word, to enable phonetic reduction processes. The target word
was always followed by the word gesagt ‘said’ to control the follow-
ing phonological context for words with a word-final consonant cluster.
The sentence finished with glaube ich ‘1 think’ to avoid a sentence-final
lengthening starting already in the target word. The following sentences
are two examples of sentences for the first reading task:

Zu ithr? - Ich habe zu ihm ,,die Hast " gesagt, glaube ich.

‘To her? - I said to him “the hurry”, I think.’

Zu mir? - Ich habe zu Peter ,,er macht* gesagt, glaube ich.

‘To me? - I said to Peter “he makes”, I think.’

In a second speaking task, semi-spontaneous speech was elicited. In this
task, the speakers had to read a given question (in which the target word
was already mentioned) and answer the question by including two given
words in their answer. The first given word was the target word, and the
second word was given to draw attention away from the target word and to
facilitate the task. Only SAG and FR speakers performed the semi-sponta-
neous task. Here are two examples of the semi-spontaneous speaking task:

Hast, Schliissel Was vergisst dein Nachbar oft in der Hast mit-
zunehmen?

‘hurry, keys’ ‘What does your neighbour often forget when he
is in a hurry?’

hasst, Katzen Hasst Herr Miiller Hunde?

‘hates, cats’ ‘Does Mr. Miiller hate dogs?’

Possible answers by the participants for the first question were: In der
Hast vergisst er seine Schliissel “When he is in a hurry, he forgets his
keys’, and for the second example: Nein, Herr Miiller hasst Katzen ‘No,
Mr. Miiller hates cats’.

Additionally, some of the target words with word-final consonant
clusters were embedded in more natural sentences. In this, for the target
words, which were verbs, the subject pronoun and the verb were sepa-
rated to reduce the redundant coding of the morpheme boundary. In ad-
dition, the target word was always followed by a word starting with /g/,
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to reduce the impact of the phonological context. These sentences were
only read by the speakers of SAG. Two examples of this second reading
task are given below:

Die Zeit misst gleich in der ndchsten Runde Matthias.
‘The time will be measured in the next round by Matthias.’

1hr Freund hat gesagt, dass er sie nicht wirklich hasst, glaube ich.
‘Her friend said that he does not really hate her, I think.’

For both reading tasks, the sentences were put in random order and read
by the participants twice within the larger recording session. The semi-
spontaneous speaking task was conducted only once. After subtracting
a few mispronounced and misread items, this resulted in a total of 2,402
analysable target words (SAG + SGG + FR; word-medial + word-final).

In order to conduct the acoustic analyses, the recordings were manu-
ally segmented and annotated with STx (Noll et al. 2007) on a sentence,
word and phoneme level. The duration and intensity values of the fol-
lowing segments were measured and semi-automatically extracted: target
words, surrounding words, consonant clusters, individual consonants of
the clusters, and phonemes surrounding the clusters.

The data was statistically analysed with R (R Core Team 2015) by us-
ing mixed-effects models (Bates et al. 2015). The variables subject and
word were included in the models as random factors. Additionally, the fol-
lowing control variables were included in the models whenever they had
an effect on the dependent variables: word frequency, articulation rate, /t/-
deletions, stress on the target word, and pauses following the target word.

The mixed-effects models were fitted using a forward approach: ef-
fects were added one by one. Based on the p-value, a decision was made
on whether to keep the variable or interaction in the model or to exclude it
(threshold: p = 0.1). Where necessary, Tukey post-hoc tests with p-value
adjustment were carried out.

To normalize the data, two different methods were used: on the one
hand, the total duration (or mean syllable duration for word-medial clus-
ters) or intensity of the target word were included in the statistical analy-
ses to control statistically for any impact of speaker-specific differences.
On the other hand, the relative duration of each cluster or consonant was
calculated by dividing the segment duration by the word duration, cluster
duration or mean syllable duration (for word-medial clusters). To calcu-
late the relative intensity, the intensity of the segment was divided by the
mean word intensity or cluster intensity. The normalization method used
for each analysis is indicated in the following section.
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3. ACOUSTIC ANALYSES

3.1. WORD-FINAL CLUSTERS IN SAG AND SGG

First, word-final consonant clusters in homophonous word pairs real-
ized by speakers of SAG (16 speakers) and SGG (8 young speakers) were
compared (see also Leykum & Moosmiiller 2015, Leykum et al. 2015a,
Leykum & Moosmiiller 2016). The target words were realized by all
speakers twice within the carrier phrases. Moreover, the speakers of SAG
conducted two additional tasks: they read sentences in which the sub-
ject pronoun and verb were separated for the bimorphemic target words
(twice), and they realized the target word once in the semi-spontaneous
speaking task.

The investigated target words were the following:

Table 2. Target words with word-final consonant cluster?

SAG SGG
Cluster | phonotactic morphonotactic | phonotactic morphonotactic
/t/ Schaft schafft Schaft schafft
‘stem’ ‘(s/he) creates’ ‘stem’ ‘(s/he) creates’
/xt/ Macht macht Macht macht
‘power’ ‘(s/he) makes’ ‘power’ ‘(s/he) makes’
/pst/ Propst probst
‘provost’ ‘(you) rehearse’
/gkst/ Hengst héngst Hengst héingst
‘stallion’ ‘(you) hang’ ‘stallion’ ‘(you) hang’
/nst/ Dienst dienst
‘service’ ‘(you) serve’
/nt/ /nd/ | Rind rinnt
‘beef, cow’ ‘(it) flows’
/st/ Mist misst Mist misst
‘dung, rubbish’ ‘(s/he) measures’ | ‘dung, rubbish’ ‘(s/he) measures’
Hast hasst Hast hasst
‘hurry’ ‘(s/he) hates’ ‘hurry’ ‘(s/he) hates’

> Even though the orthography differs, for all word pairs, the item with a phonotactic
cluster and its counterpart with a morphonotactic cluster are phonemically homopho-

nous.
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Results

/t/-deletion

In the word-final position, /t/ was acoustically deleted in several cas-
es. In total, /t/-deletions occurred in 11.18% of the phonotactic clusters,
whereas in morphonotactic clusters, 13.64% of word-final /t/ were acous-
tically deleted. The deletion rates did not significantly differ between the
two types of clusters (z = -0.877, p = 0.381). Since the deletion rate is
highly influenced by the phonological context (z=3.777, p <0.001), only
the /t/s followed by /g/ were regarded in the next step. Out of these clus-
ters, 11.16% of the phonotactic clusters were realized without the /t/, and
10.38% of the morphonotactic clusters (here again, there is no significant
difference between the two types of clusters: z =-0.220, p = 0.826).

Concerning the segmental context, the deletion rate of /t/ was highest
when the preceding phoneme was the homorganic fricative /s/ as com-
pared to the other preceding contexts (z = -4.139, p < 0.001; /t/-deletions
following /s/: 16.09% in phonotactic clusters, 16.23% in morphonotactic
clusters; /t/-deletions following other phonemes: 3.36% in phonotactic
clusters, 7.66% in morphonotactic clusters, see Figure 1).

/t/-realizations and /t/-deletions
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Figure 1. Percentages of /t/-realizations and /t/-deletions

Relative duration of the cluster

The fitted mixed-effects models revealed the following significant ef-
fects for the relative duration of the entire cluster (in % of word dura-
tion): a type-of-cluster*speaking-task interaction (F(2,1383) = 20.800,



II. Morphonotactics in speech production 63

p <0.001), a type-of-cluster*/t/-realization interaction (#(1398) = 3.210,
p=0.001), a gender*variety/age interaction (£(2,18) = 3.940, p = 0.037),
amain effect of articulation rate (#(1395) =-10.670, p <0.001), and a main
effect of the cluster (£(6,7)=47.035, p<0.001). Post-hoc analyses showed
a significant type-of-cluster difference for the type-of-cluster*speaking-
task interaction in the additional speaking task only, where subject pro-
noun and conjugated verb were separated. Here, the phonotactic clusters
were shorter compared to the morphonotactic clusters (#(24) = 3.629,
p =0.015). The type-of-cluster*/t/-realization interaction revealed shorter
durations for both types of clusters when the word-final /t/ was deleted.
This effect was slightly larger for morphonotactic clusters (phonotactic:
#(1408) = 6.723, p < 0.001; morphonotactic: #1411) =11.539, p <0.001,
see Figure 2). A closer look at the gender*variety/age interaction revealed
that the clusters of the elder female SAG-speakers were shorter compared
to all other groups of speakers (see Table 3).

Table 3. Gender*variety/age-interaction (post-hoc tests)

contrast df t-value | p-value | signifi-
cance
SAG: elder, female — SAG: elder, male 16.89 -3.752 | 0.0168 *
SAG: elder, female — SAG: young, female 18.11 -2.950 | 0.0776 .
SAG: elder, female — SAG: young, male 18.09 -3.184 | 0.0493 *
SAG: elder, female — SGG: young, female 23.60 | -4.320 | 0.0029 *K
SAG: elder, female — SGG: young, male 22.64 | -4.687 | 0.0013 Hk

Cluster duration
Interaction type-of-cluster*/t/-realization
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Figure 2. Interaction type-of-cluster*/t/-realization
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Relative duration of /t/

Concerning the duration of /t/ in relation to the duration of the entire
word (% of word duration), the statistical analyses revealed a significant
three-way interaction between the task, the word frequency and the type
of cluster (F(2,1194) = 5.291, p = 0.005), and main effects of articula-
tion rate (#(1114) = 2.641, p = 0.008), variety/age (tendency: F(2,20) =
2.909, p = 0.077; elder SAG < younger SAG < SGG speakers), gender
(tendency: #(19) = 1.994, p = 0.061; female < male speakers), and cluster
(F(6,7)=17.111, p <0.001). Post-hoc analyses showed that only for the
speaking task with separated pronoun and verb was it the case that the
higher the word frequency, the more the two types of clusters differed in
their length; with /t/ being relatively longer in morphonotactic clusters
(see Figure 3).

Relative duration of /t/
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Figure 3. Three-way interaction: task*word-frequency*type-of-cluster

The effect of the articulation rate (longer relative duration of /t/ for
higher articulation rates) emerged due to an articulation rate-induced
shortening of the entire word (especially the vowel: main effect of articu-
lation rate (#(1230) =-8.621, p <0.001).

Relative intensity of the clusters

The fitted mixed-effects model showed that the relative intensity of
the clusters (in % of word intensity) is significantly influenced by an
interaction between the task and /t/-realization (£(2,1406) = 4.114, p =
0.016), a word-frequency*articulation-rate interaction (#(1397) = -2.780,
p =0.005), a main effect of gender (#22) = 3.562, p = 0.002), and a main
effect of cluster (£(6,9) = 130, p < 0.001). No influence of the type of
cluster was found (p = 0.804). A post-hoc test concerning the task*/t/-
realization interaction revealed significantly lower relative cluster in-
tensities of clusters with realized final /t/ compared to the clusters with
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/t/-deletion for both reading tasks (carrier phrases: #(1409) = -3.215, p =
0.017; second reading task: #(1401) = -3.659, p = 0.004), but not for the
semi-spontaneous speaking task (#(1402) =-0.237, p = 0.999).

Relative intensity of /t/

The relative intensity of /t/ (in % of word intensity) is influenced by an
interaction between the type of cluster and the task (F(2,1122) = 6.657,
p = 0.001), an interaction of task and gender (£(2,1204) = 9.462, p <
0.001), a main effect of articulation rate (#(1213) =2.989, p = 0.003), and
a main effect of cluster (£#(6,12) = 13.959, p < 0.001). Post-hoc analy-
ses revealed that in none of the speaking tasks did phonotactic and mor-
phonotactic clusters differ in their relative intensity of /t/. However, the
relative intensity of /t/ was significantly lower in the speaking task with
a separated subject pronoun and verb as compared to /t/ in target words
embedded in the carrier phrases. This effect was slightly larger for the
phonotactic clusters (morphonotactic clusters: #(1204) =4.058, p <0.001;
phonotactic clusters: #1147) = 7.607, p < 0.001, see Figure 4).

Relative intensity of /t/
Interaction type-of-cluster<task

75.07
72.57

Speaking task

3 carrier phrases
70.0 1 ‘ reading task 2

' semi-spontaneous
67.51

T T
morphonotactic ~ phonotactic
Type of cluster

fit (rel. intensity of /t/ - in % of word intensity)

Figure 4. Interaction type-of-cluster*task
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Discussion of word-final consonant clusters

Regarding the number of acoustic deletions of /t/ and the relative in-
tensity of the cluster, no significant difference between phonotactic and
morphonotactic clusters exists. For the other investigated variables, in-
teractions including an effect of the type of cluster reached significance.
However, no main effects of the type of cluster were found. The interac-
tions were, with one exception, all interactions with the speaking task.
The additional speaking task was designed to test whether the redundant
coding of the information given by the conjugational morpheme reduces
the importance of a highlighting of the morpheme boundary, which could
result in less highlighting of morphonotactic clusters. Therefore, oppos-
ing effects could explain the lack of a difference between the phonetic re-
alization of phonotactic and morphonotactic clusters in the other speaking
tasks. However, the effects of the present study could not be interpreted as
evidence for this hypothesis, since the additional speaking task involved a
highly unnatural wording for some of the sentences, which in itself results
in a higher articulation accuracy. The target words containing phonotactic
clusters were also embedded in the sentences. For the nouns, however,
the context was more natural, possibly resulting in a less accurate articu-
lation. In addition, some of the target words with a morphonotactic cluster
were in a phrase-final position, resulting in phrase-final lengthening of
the target word.

With regard to the relative duration of the cluster, the type-of-
cluster*/t/-realization interaction showing a slightly larger difference
between clusters with and without final /t/ for morphonotactic clusters
compared to phonotactic clusters seems to be a random result, which pos-
sibly emerged due to differences between the clusters themselves and the
low number of clusters with /t/-deletion.

The effects of the type of cluster emerging in the analyses can easily
be explained by the unnatural wording, and by differences in the posi-
tions of the target words within the sentences in the second reading task.
However, when investigating word-final consonant clusters in German
homophones, the lack of an effect of a cluster-internal morpheme bound-
ary on speech production could not be interpreted as evidence for the non-
existence of an influence of the morpheme boundary on the realization of
morphonotactic consonant clusters. Within each word pair, the stimuli not
only differed in being monomorphemic or bimorphemic, but also in the
grammatical category to which the target words belong.
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3.2. WORD-MEDIAL CLUSTERS IN SAG, SGG AND FR

In a further step, the (mor)phonotactic clusters in word-medial po-
sition were investigated (see Leykum & Moosmiiller (2019) for word-
medial clusters in SAG; Leykum & Moosmiiller (2017) for a comparison
of the three languages/varieties). Here, in most cases, the grammatical
category was identical for both stimuli within each word pair. The target
words are listed in Table 4.

Table 4. Target words with word-medial consonant cluster (p = phonotactic, m = mor-
phonotactic; the word pairs not matched for grammatical category are shaded)

SAG word-medial SGG French

Cluster | p m p m p m

/st/ Paste passte
‘paste’ ‘(it) fitted’

Kiiste kiisste
‘coast’ ‘(s/he)
kissed’

/xt/ Frachter | Fachta-
‘cargo gung
ship’ ‘sympo-

sium’

/gkt/ Akupunk- | Funkturm
tur ‘radio
‘acupunc- | tower’
ture’

/sm/ kosmetisch | verhdlt- kosmetisch | verhdlt- cosmétique | transmis-
‘cosmetic’ | nismdflig | ‘cosmetic’ | nismdfig | ‘cosmetic’ | sion

‘relative’ ‘relative’ ‘transmis-
sion’
Organis- | Missmut Organis- | Missmut
mus ‘displea- | mus ‘displea-
‘organism’ | sure’ ‘organism’ | sure’

/sl/ islandisch | loslich isldndisch | loslich islandaise | dislocation

‘Icelandic’ | ‘soluble’ | ‘Icelandic’ | ‘soluble’ ‘Icelandic’ | ‘disloca-
tion’

islamisch | hduslich islamisch | hduslich

‘Islamic’ | ‘domestic’ | ‘Islamic’ ‘domestic’

/sk/ Diskothek | diskon- Diskothek | diskontinu- | disco- discontinue
‘disco- tinuierlich | ‘disco- ierlich theque ‘discon-
theque’ ‘discon- theque’ ‘discon- ‘disco- tinuous’

tinuous’ tinuous’ theque’
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/ksp/ Experte Expartner | Experte Expartner | expert expatrier
‘expert’ ‘ex-part- | ‘expert’ ‘ex-part- ‘expert’ ‘expatriate’
ner’ ner’
Experi- Fixpunkt | Experiment | Fixpunkt
ment “fixed ‘experi- ‘fixed
‘experi- point’ ment’ point’
ment’

The target words were realized twice by all 30 speakers (16 SAG, 8
SGG, 6 FR) within the carrier phrases. In addition, the speakers of SAG
and FR conducted the semi-spontaneous speaking task.

Results
Absolute cluster duration

The statistical analyses (with relative syllable duration as the control
variable) showed a significant interaction between language/variety and
articulation rate (F(3,753)=9.863, p<0.001), an interaction between ar-
ticulation rate and cluster (F(6,918) = 11.944, p < 0.001), and a main
effect of the speaking task (#(912) = -3.018, p = 0.003; shorter clus-
ters in the semi-spontaneous speaking task). Concerning the language/
variety*articulation-rate interaction, a decrease in the cluster duration with
increasing articulation rate was slightly steeper for the speakers of SGG
compared to the other groups of speakers. The articulation-rate*cluster
interaction emerged because the duration of the clusters /pkt/ and /ksp/
was more affected by the articulation rate than the other clusters. The
duration of the cluster /sk/ was least influenced by the articulation rate. A
morpheme boundary within the clusters had no influence on the duration
of the clusters (p = 0.864).

Since the material is not well balanced, another mixed-effects model
was fitted for a subset of the data. Here, only the stimuli embedded in
the carrier phrases were analysed. Furthermore, the French items and the
word pairs Paste-passte ‘paste-fitted’, Kiiste-kiisste ‘coast-kissed’ and
Diskothek-diskontinuierlich ‘discotheque-discontinuous’ were excluded
so that only word pairs matched for their grammatical category were
used, to enhance the comparability. For this subset of data, a three-way
interaction between gender, type of cluster and grammatical category
emerged (F(1,463) = 7.398, p = 0.007). Post-hoc analyses showed lon-
ger durations of phonotactic clusters for both genders for adjectives.
Concerning nouns, no effect occurred for female speakers. For male
speakers, however, the phonotactic clusters were shorter compared to
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the clusters of female speakers and compared to male speakers produc-
ing morphonotactic clusters (see Figure 5). An articulation-rate*cluster
interaction (F(4,470) = 5.970, p < 0.001) revealed the same effects as
the analyses of the entire dataset (see above). In addition, an effect of
variety/age (F(2,12) =21.320, p <0.001) revealed that speakers of SGG
produced the clusters with longer durations compared to both age groups
of speakers of SAG.

Cluster duration
Interaction gender*type-of-cluster*grammatical category

220 1

N
o
o

Gender:type of cluster
female:morphonotactic

. female:phonotactic

N
o]
o

- male:morphonotactic
' male:phonotactic

fit (cluster duration - in ms)

160 1

140 1

adjective noun
Grammatical category

Figure 5. Interaction gender*type-of-cluster*grammatical category

Relative cluster duration (in % of mean syllable duration)

When normalizing the cluster duration by using the mean syllable du-
ration, the fitted mixed-effects model showed the following significant
effects: a task*articulation-rate interaction (#(1,878) =9.315, p = 0.002),
a main effect of language/variety (£(3,24) =7.962, p <0.001), and a main
effect of cluster (£(6,21) = 3.210, p = 0.021). A morpheme boundary
within the cluster had no effect on the relative duration of word-medial
clusters (p = 0.461).
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Duration of the cluster-final consonant relative to the cluster duration

When dividing the clusters at the position of the morpheme bound-
ary of the morphonotactic clusters (/xt/ — /x+t/, /pkt/ — /yk+t/, /sm/ —
/stm/, /sl/ — /s+l/, /sk/ — /s+k/, /ksp/ — /ks+p/) and dividing the dura-
tion of the second part of the cluster by the total cluster duration, the rela-
tive duration of the cluster-final consonant is calculated. The statistical
analyses revealed that the relative duration of the cluster-final consonant
is influenced by an interaction between articulation rate, gender and task
(F(1,868) = 4.014, p = 0.045): for target words in carrier phrases, the
relative duration of the cluster-final consonant is influenced by the articu-
lation rate only for female speakers. In the semi-spontaneous speaking
task, the articulation rate does not influence the duration of the cluster-
final consonant. In addition, a main effect of cluster (£#(6,20) = 7.800, p <
0.001) occurred. The type of cluster had no influence on the relative dura-
tion of the cluster-final consonant (p = 0.307). When reducing the data to
a subset of the stimuli which were balanced in terms of the grammatical
category, a tendency for an effect of the grammatical category (F(2,19) =
4.723, p = 0.059) showed longer durations for the cluster-final consonant
in adjectives compared to nouns. However, this is not a global effect of
differences between nouns and adjectives, but more likely an effect aris-
ing due to differences between the different word pairs.

Absolute intensity of the cluster

The absolute intensity of the investigated word-medial consonant clus-
ters is influenced by a main effect of gender (#22) = 2.929, p = 0.008),
with higher intensity of the clusters realized by male speakers. In addi-
tion, a main effect of cluster (#(6,22) = 20.900, p < 0.001) occurred, and
a main effect of speaking task (#(925) = 3.890, p < 0.001), with higher
intensities in the semi-spontancous speaking task. The type of cluster
had no significant influence on the absolute intensity of the clusters (p =
0.125).

Relative intensity of the cluster (relative to the intensity of the vowel
preceding the cluster)

When normalizing the cluster intensity by calculating the intensity
in relation to the intensity of the vowel preceding the cluster, besides
an effect of cluster (F(6,19) =9.128, p < 0.001), a significant three-way
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interaction between word-frequency*articulation-rate*language/variety
(£(3,920) = 5.794, p < 0.001) occurred. In this, for the speakers of SGG,
the relative intensity of the clusters decreased with increasing word fre-
quency for higher articulation rates. The other groups of speakers did not
show such an effect. Here again, the type of cluster did not influence the
intensity values of the clusters (p = 0.133).

Intensity of the cluster-final consonant relative to the cluster intensity

The relative intensity of the cluster-final consonant was calculated by
dividing the intensity of the consonant by the intensity of the cluster. The
fitted mixed-effects model resulted in a main effect of language/variety
(F(3,24)=5.039, p = 0.008), a main effect of cluster (#(6,21) =87.051, p
< 0.001), and a main effect of task (#(938) = 3.727, p < 0.001). Post-hoc
analyses showed that the relative intensity of the cluster-final consonant
is lower in FR compared to SAG and SGG. In addition, it is higher in the
semi-spontaneous speaking task. The effect of language/variety emerged
due to language- and item-specific word-stress differences. The type of
cluster had no influence on the relative intensity of the cluster-final con-
sonant (p = 0.118).

Discussion of word-medial consonant clusters

One advantage of investigating word-medial clusters is the possibil-
ity to compare word pairs of the same grammatical category, as well as
to compare French and German consonant clusters, as some consonant
clusters exist in both languages, both within morphemes and across mor-
pheme boundaries in a word-medial position. However, there are also
several disadvantages: it is not possible to control the phonological con-
text as much as for clusters in homophones; the target words are more
diverse, not only in terms of the phonemes surrounding the consonant
clusters, but also in terms of the exact position of the consonant clusters
within the words, and, most importantly, in terms of the position of the
word stress within the German target words.

In order to investigate the impact of the grammatical category of the
target words on the realization of the consonant clusters, the dataset was
restricted to a subset including only word pairs where both items within
each pair belong to an identical grammatical category. These analyses
revealed an effect from the grammatical category in only two of the fitted
models: concerning the absolute cluster duration and concerning the rela-
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tive duration of the cluster-final consonant. With regard to the absolute
duration of the cluster, the grammatical category was part of a three-way
interaction, revealing a longer duration of phonotactic clusters for adjec-
tives for all speakers and a shorter duration of the phonotactic clusters for
nouns when realized by male speakers. Furthermore, the relative duration
of'the cluster-final consonant was longer in adjectives compared to nouns.
Since there were no interactions between the grammatical category and
the type of cluster besides the three-way interaction, it could be conclud-
ed that for adjectives and nouns, a possible influence of the grammatical
category could be ruled out as a factor which could mask effects of a mor-
pheme boundary on the realization of word-medial consonant clusters.
In addition, concerning the three-way interaction affecting the absolute
cluster duration, the effect on the adjectives is in the opposite direction
to the hypothesis: in adjectives, phonotactic clusters were longer than
morphonotactic clusters. Concerning nouns, the phonotactic clusters of
male speakers were shorter compared to the other clusters, which could
be interpreted as less reduction of the morphonotactic clusters by male
speakers, compared to a low level of reductions by female speakers, ir-
respective of the presence or absence of a morpheme boundary.

Concerning all other investigated variables, no effect of a consonant
cluster internal morpheme boundary on the realization of the word-medi-
al clusters was detectable.

4. GENERAL DISCUSSION

Previous studies investigating the influence of morpheme boundaries
on speech production came to different results. Some studies revealed an
effect indicating an acoustic highlighting of the morpheme boundary by
lengthening phonemes across morpheme boundaries. Other studies found
no effect of a morpheme boundary, or even indicated results with an ef-
fect in the opposite direction. Likewise, in the present study, for some
variables an effect of the type of cluster emerged, either in the expected
direction or in the opposite direction. However, most analyses did not find
any effect of the morpheme boundary.

Since the effects of an influence by the morpheme boundary can all
be easily explained by other interfering variables, the present study is not
able to give any evidence for an impact of morphology on speech pro-
duction. However, the absence of any effects does not necessarily imply
that no influence of morpheme boundaries on the realization of consonant
clusters exists.
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The possibility that the highly redundant coding of the information of
the morpheme boundary in conjugated verbs with word-final morphono-
tactic consonant clusters leads to a less accurate articulation cannot be
ruled out. Opposite effects caused by the morpheme boundary and the
high redundancy are still possible. Due to the unnatural wording and the
lack of a possibility to match the target words in terms of the position
within the sentences, the additional reading task did not provide conclu-
sive findings.

Another factor linked to the redundancy, described by Hanique and
Emestus (2012: 175), is the word-information load: “The less a segment
contributes to distinguishing the complete word from other words, the
more it may be reduced”. Equally, the degree of morphological decom-
posability could constitute a factor influencing whether morphonotactic
consonant clusters are treated differently from phonotactic clusters in
speech production.

The present findings were able to rule out language- and/or variety-
specific timing characteristics as a factor inhibiting an acoustic differ-
entiation between phonotactic and morphonotactic clusters (see also
Leykum & Moosmiiller 2017). However, besides language-specific tim-
ing characteristics, other language-specific differences could exist. The
investigated languages share a low morphological richness, raising the
question of whether the morphological richness of a language determines
whether phonotactic and morphonotactic clusters behave the same or not.
It is possible that in morphologically richer languages, the information
about the morpheme boundary is more important to ensure intelligibility.
A fact supporting this hypothesis is research on first language acquisi-
tion. It was shown that children acquiring Austrian German learn both
types of clusters at the same time (Freiberger 2007), whereas, in the first
language acquisition of the morphologically richer languages Polish and
Lithuanian, children learn to produce morphonotactic consonant clusters
correctly prior to phonotactic consonant clusters (Kamandulyté 2006; Zy-
dorowicz 2007).

5. CONCLUSION

Combining the present findings with analyses of the subsegmental
parts of /t/ in word-final clusters (Leykum & Moosmiiller 2015; Leykum
et al. 2015b; Leykum & Moosmiiller 2018), conducted on the same ma-
terial, none of the analyses could prove that morphonotactic consonant
clusters are more highlighted or less susceptible to reduction processes.
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Yet, the present analyses do not prove that phonotactic and morphonotac-
tic consonant clusters are identical in their phonetic realization, since sta-
tistically insignificant results do not imply that no effect exists. However,
the fact that quite a lot of analyses were conducted on a relatively large
dataset, all showing no or no stable effect of the morpheme boundary on
speech production, leads us to the conclusion that it is very unlikely that
speakers realize morphonotactic consonant clusters in German differently
because of the morpheme boundary.
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