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Abstract

In four experiments, we investigated how listeners compensate for reduced /t/ in Dutch. Mitterer and Ernestus [Mit-
terer, H., & Ernestus, M. (2006). Listeners recover /t/s that speakers lenite: evidence from /t/-lenition in Dutch. Journal

of Phonetics, 34, 73–103] showed that listeners are biased to perceive a /t/ more easily after /s/ than after /n/, compen-
sating for the tendency of speakers to reduce word-final /t/ after /s/ in spontaneous conversations. We tested the robust-
ness of this phonological context effect in perception with three very different experimental tasks: an identification task,
a discrimination task with native listeners and with non-native listeners who do not have any experience with /t/-reduc-
tion, and a passive listening task (using electrophysiological dependent measures). The context effect was generally
robust against these experimental manipulations, although we also observed some deviations from the overall pattern.
Our combined results show that the context effect in compensation for reduced /t/ results from a complex process
involving auditory constraints, phonological learning, and lexical constraints.
� 2008 Elsevier Inc. All rights reserved.
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Introduction

An often overlooked difference between written and
spoken language stems from the fact that what is unac-
ceptable in written language is common practice in spo-
ken language: the reduction and even deletion of
segments (being either graphemes or phonemes). In for-
mal writing, it is considered an error to write posgradu-

ate, but this form is completely natural in spontaneous
speech. Abbreviations (e.g., e.g. for for instance) occur

in written language as well, but, in contrast to most
reductions in spoken language, they are based on highly
conscious conventions.

Different types of reduction have been documented
for spoken language. High-frequency words may be
strongly reduced: the Dutch word for ‘actually’ eigen-

lijk/eixElEk/, for instance, may be pronounced as [eik]
(Ernestus, 2000). Moreover, words that often co-occur
may melt into a single phonological word, as, for
instance, Kohler (1990) showed for the German version
of the phrase ‘have we’ haben wir/habEn wIr/, which may
be pronounced as [hAmwE]. Another type of reduction
occurring frequently in spoken, but not in written,
words is the lenition of word-final consonants, which
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may give rise to assimilation to a following segment
(e.g., ‘wine bottle’/wAIn/ bOtl/ ? [wAImbOtl]) or even
the apparent deletion of a segment, as in ‘perfect mem-
ory’ /pEfekt memE¤I/ ? [pEfekmemE¤I], in which the
/t/-release is masked by the following labial closing ges-
ture of the /m/ (Browman & Goldstein, 1990). Due to
such pronunciations in spontaneous speech, listeners
have to recover the intended meaning from a much more
variable input during listening than during reading.

How listeners recover the intended meaning from
reduced forms has been a major focus of research in psy-
cholinguistics, especially during the last decade, bridging
the gap between the fields of spoken-word recognition
and speech perception (e.g., Ernestus, Baayen, & Sch-
reuder, 2002; Gaskell & Marslen-Wilson, 1996, 1998,
2001; Gow, 2001, 2002; Gow & Im, 2004; Hura, Lindb-
lom, & Diehl, 1992; Kemps, Ernestus, Schreuder, &
Baayen, 2004; Lahiri & Reetz, 2002; Mitterer & Blom-
ert, 2003; Mitterer, Csépe, Blomert, 2006; Mitterer,
Csépe, Honbolygo, & Blomert, 2006; Mitterer & Erne-
stus, 2006). Most studies focused on the perception of
assimilated forms and converged on two findings.

First of all, segmental context plays a crucial role in
the recognition of assimilated forms, as an assimilated
form is only recognized in contexts that actually allow
the assimilation to occur. For instance, the assimilated
form wime of wine only occurs if the following word
starts with a bilabial consonant (e.g., bottle) but not if
this word starts with a velar consonant (e.g., glass).
Gaskell and Marslen-Wilson (1996, 1998) were the first
to show that perception mirrors this context effect in
production and wime is recognized as wine only in the
bilabial context . . .bottle but not in the velar context
. . .glass (see also Gow, 2003; Mitterer & Blomert, 2003).

A second finding with regard to assimilated forms is
that phonetic detail plays an important role. Gow (2002,
2003) showed that there are subtle acoustic differences
between a bilabial sound resulting from assimilation—
as in gum production meaning gun production—and an
intended bilabial—as in gum production actually mean-
ing gum production: the acoustic evidence for a bilabial
nasal is stronger in case of an intended labial than in
case of an assimilated labial. Listeners are sensitive to
these subtle differences, and only assume the presence
of an underlying coronal segment in a homo-organic
labial cluster (such as [mb]), if the cues for labiality are
weak in the first segment.

Compared to the now extensive literature on assimi-
lation, less work has been dedicated to the perception of
forms in which segments are (apparently) missing. Man-
uel (1992) investigated the perception of English words
in which schwa has been severely reduced (support/
sEpO¤t/ ? [spO¤t]). Production data of this phenomenon
indicated that, while the glottal gesture for the schwa is
reduced so that no vocal-fold vibration occurs, the oral
gesture often remains, leading to subtle acoustic differ-

ences between the forms of [spO¤t] meaning either sup-

port or sport, that listeners exploit to disambiguate
realizations such as [spO¤t].

Mitterer and Ernestus (2006) reached a similar con-
clusion for word-final /t/ in Dutch, which, according
to previous studies (e.g., Ernestus, 2000), is frequently
deleted in connected speech. Like Manuel (1992), they
first investigated the phonetic detail associated with the
reduction of word-final /t/. Their production and corpus
studies indicated that ‘‘deletion” is not the correct term
to describe what often happens to word-final /t/ in con-
nected speech. A supposedly deleted /t/ often leaves
behind two residual cues to its underlying presence
(see also Browman & Goldstein, 1990): first, the pres-
ence of a closure or low-amplitude frication between
the preceding and following segment (e.g., between the
/s/ and the /b/ in /mest bEstelt/ mest besteld ‘fertilizer
ordered’) and, second, a shorter duration of the preced-
ing segment (the /s/ tends to be shorter in /mest bEstelt/
than in /mes bEstelt/ mes besteld ‘knife ordered’, inde-
pendent of the realization of the /t/).

Mitterer and Ernestus (2006) also observed that /t/-
reduction, like assimilation, is conditioned by segmental
context. Confirming the picture arising from studies of
/t/-deletion in Germanic languages (Ernestus, 2000;
Ernestus, Lahey, Verhees, & Baayen, 2006; Grimson &
Cruttenden, 1994; Guy, 1980, 1992; Kohler, 1995),
reduction of /t/ is most likely to occur before bilabial
consonants and after the alveolar fricative /s/, so that
the /t/ is likely to be reduced in /mest bEstelt/. Even in
this context, however, /t/-reduction is optional, and an
unreduced segment with a [t]-release may be observed.
This underscores the inherent variability of /t/-reduction
and its substantial contribution to the invariance
problem.

In a series of perception experiments, Mitterer and
Ernestus (2006) found both aspects of /t/-reduction—
the presence of residual cues and the role of segmental
context—to influence listeners’ recovery of reduced
word-final /t/. First of all, listeners infer the presence
of an underlying /t/ on the basis of residual cues in the
acoustic signal. Second, there is an effect of segmental
context on the interpretation of these residual cues. A
given cue (e.g., a short silence) is more likely to trigger
the perception of an underlying /t/ if the preceding seg-
ment is /s/ than if it is /n/. This context effect is beneficial
for speech comprehension, because /t/ is more likely to
be reduced after /s/ than after /n/.

In addition, Mitterer and Ernestus (2006) have shown
that lexical processing contributes to compensation for
/t/-reduction. Dutch listeners tend to infer the presence
of a word-final /t/ more often if this ‘‘generates” an exist-
ing word (e.g., the English ‘‘fros” + ‘‘t” ? ‘‘frost”) than if
it does not (‘‘blouse” + ‘‘t” ? nonword). Importantly,
lexical restoration does not suffice to explain all aspects
of compensation for /t/-reduction. First of all, the seg-
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