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Abstract evidence that the essential phonetic characteristics of

The paper presents two perception experiments that start from . MSSINY phonemes or even entire (function) words are still

the well-established phenomenon of auditory restoration and N the signal, but in the form of articulatory prosodies that
address the occurrence and nature of this phenomenon in@r€ no longer tied to specific segmental units, cf. Kohler
German reduced speech. The experimental stimuli based on(1999), Niebuhr & Kohler (2011); Kohler & Niebuhr

sound patterns that can be decoded as either disyllabic nouns(2011). Moreover, it was found that also complete assimila-

or highly reduced strings of function words whose canonical tjons leave traces of the original sound features that are out-
reference forms differ in the number of syllables and/or phon- side the assimilated sound itself, for example, in the

emes. Comparisons of these stimuli withl[ke hum sounds - - .
of different durations in AX tests suggest that reduced speech preceding vowel, cf. Niebuhr & Meunier (2011). On the

is perceptually restored to fuller (though maybe not canon- Side of perception listeners are able to make use of all these
ical) forms, however, rather on a syllable than on a phoneme _f10n'|!r_1€alf and suprasegm_ental phonetic details in word
basis. In this way, the results raise further doubts about the identification (cf. also Hawkins 1995).

central role of the phoneme in spoken communication. Compared with the stimulus conditions in the line of
Keywords: phonemic restoration; speech perception; speech research initiated by Warren, (highly) reduced speech repre-
reduction, German, phonetic detail; phoneme; syllable. sents a completely different starting point for perception and
cognitive processing. First, there is no need to reconstruct

| ntroduction something, since the seemingly “missing” information can

Auditory restoration of missing sound sections in the speec?\t'” be there;.|t just eludes a segmen_tal perspective. Second,
ere are neither real nor potential interrupters or maskers

signal is a well-known, robust phenomenon. In his semin ¢ Id motivat toration. M the task Y
experiment Warren (1970) removed speech sounds fro at could motivate a restoration. Moreover, e tasks and/or
the stimulus conditions of traditional phoneme restoration

utterances and replaced them by noise (e.g., a cough). . i
P y (e.g gh) periments force the listener to look from a segmental per-

found that listeners perceived both the removed speec ) S .
sound and the noise (which was, however, temporally notPective onto the presented speech, which is not the case in

: P , atural everyday communication. For instance, the experim-
exactly locatable) in the stimuli. Warren's effect has beer'?ntS of Kemps et al. (2004), Connine et al. (2008) and

replicated and refined many times since then, showing th " :
for example, acoustic similarity between original and rea_]\llltterer& Ernestus (2006) that found evidence for phonem-

ILﬁ_restoration in reduced speech used phoneme-monitoring
}gsks and/or stimulated speech-orthography associations that
are at least suitable to create perceptual biases towards seg-

noise to be a potential masker of the missing sound play rﬁents and particular canonical reference forms. In line with

crucial role in the occurrence and the output of auditor); is methodological deficiency, the results of Connine et al.
restoration, cf. Warren & Sherman (1974), Bashford g(2008) suggest that perceptually restored morphs have no

Warren (1987), Samuel (1981), Samuel (1996), Shahin (Qr}onfemitcalflyf[hhomlf)gt;err]legus refgre?(t:)e fokrms. dth t
Miller (2009) and Shinn-Cunningham & Wang (2008). n front ot the sketched empirical background he presen

Since virtually all experiments were about the removalPaPEr represents a first approach to revisit two fundamental

masking and restoration of single speech segments, t@é'?ﬁ‘t'o?& 1) t’I’s aud|tory_ retshtoratlon r(i_ally ra?tur?jl, q
effect is typically referred to as phonemic restoration. \ghly Trequent™process in- the perception of reduce

Recent psycholinguistic research (e.g., Kemps et al_speech, as was claimed by Kemps et al. (2004:125)? The

2004: Connine et al. 2008: Mitterer & Ernestus. 2006 obust discrepancy between written and spoken language as
appliéd the notion o’f phon,emic restoration to }educe ell as the stunned reactions of people that are confronted

speech, motivated by the concept that speech productigﬁ'th their own speech reductions are actually in favour of

and perception relate to a mental lexicon in which words argstoration processes. I_—low_ever, (2) if there is restoration,
hat is the point in basing it on phonemes that are (a) per

represented as canonical/unreduced forms with a lineaf!

phonemic make-up. Thus in speech production the canoH;{ef'(;"tt'thmea{"n?less Iynlts and that are (t;) Iso Ido_osel); rel(;
ical forms are reduced by means of assimilation and elisiof cd 10 the actual non-iinear, suprasegmental coding of red-
ed speech? More psychoacoustically-oriented experim-

processes that result in “missing” phonemes; and in speeéﬁ

perception the reference to canonical forms causes the Jahts demonstrated that auditory restoration also occurs for

storation of the “missing” phonemes (either before or evejne waves interrupted by noise. So ngther phonemes nor
after word identification). However, in-depth investigationsphonem'c reference forms are prerequisites for restoration

into the phonetic details of reduced speech accumulate‘%IfeCts' For example, Ohala (1992) and others (Connine et

poral coherence and spatial localization of noise and inte
rupted signal, multi-modal perception, or the ability of the



al., 2008) pointed out that larger sound sectioke |
syllables would be much more effective basic umitshe

processing and perception of speech. Supportirgitisa,

the presented series of perception experiments ermén,

which avoid explicit reference to phonemic sounginsents,

yielded initial indirect evidence that auditory t@stion

does occur for highly reduced speech; however, roara

global syllabic than on a local phonemic basis.

Method

Disyllabic stimulus bases

Inspired by the method of Niebuhr & Kohler (201het
stimuli of the present experiments based on phorsetiind
patterns of German that can be readily identifisdsimgle
lexical nouns or verb phrases. However, when folidwy a
pitch-accented content word, phonetic details #rat con-
tained in these sound patterns trigger immediadteempret-
ations of the patterns as strings of highly redutegttion
words. The experiments were built on 6 of thesemxlly
ambiguous patterns that reflect actual realizatiousd in
corpora of spontaneous speech. Each pattern repseseli-

syllable with a C\C.CV(C) structure and primary stress on

the phonologically short vowel (Y of the initial syllable:

on the initial and a terminal falling pitch movemédh-%)
on the final syllable. It was produced with theeimtion of
forming prosodically coherent, naturally soundirtteran-
ces when attached to each of the target disyllgfile€3).

As is already implied by this procedure, two stiosuton-
ditions were created on the basis of the seledwdlables.
In the condition I1SO, there were three stimuli widlentical
overall durations (650ms), represented by the tedlali-
syllables (1)-(3). In the condition WORD+, the ctamg
guckenwas attached to each disyllable, which also redult
in three stimuli with identical overall duration$.850ms).
However, different from the ISO condition, the veplcken
in the WORD+ condition is a semantic and prosodgger
for the perceptual reinterpretations of the prengdiisyll-
ables as (1Nun wollen wir mal + guckemow let us see’,
(2) Kdénnen wir mit + guckermay we watch with you’, (3)
Willst du den + guckeriddo you want to watch it. The
crucial point is that the reinterpretations leadutterances
that show (1) 5 syllables, (2) 4 syllables, and33)llables
in their unreduced forms. If the fact that the teipreted
stimuli are based on different syllable numbergasalleled
by a perceptual restoration effect, then the tistéauli of
the WORD+ condition should be perceived with digfer
lengths that increase from (3) over (2) to (1),pitestheir
physically identical durations. In contrast, theirol stim-

(1) [n3%.mg] Norma a popular German discount chain; yi"(1)-(3) of the ISO condition should not diffén per-
(2) [kK"&E.m*1™t"] Kermit, famous frog puppet from The ceptual length.

Muppet Show; (3) 'f1s.son] Wissen ‘knowledge’; (4)
['vis.ma] Wismar a German hanseatic city; (3hdm.nra]
Hammey ‘hammer’, (6) [nim™.zi] Nimm sig ‘take it'.

TheSYLLABLE series

The first stimulus series (SYLLABLE series) usedyii

ables (1)-(3). Each of them was produced severadiby a
trained phonetician, aiming at a constant speakig,
voice quality and FO register. The recordings werade
digitally (96 kHz, 32 bit, mono) in a soundproofedoth at
the University of Kiel's Institute of Phonetics amgital

Speech Processing (IPDS). The three disyllableswieae
selected as base stimuli evoked clear noun ideati€ins.
However, at the same time they were deliberatedyized
with phonetic details (e.g., subtle (sub-)segmeletadthen-
ing, suprasegmental secondary articulations likealiea-
tion, rounding, palatalization, etc., cf. transtiops above)
that allowed reinterpretations of the disyllablas the
presence of an appropriate trigger. Furthermore,ttinee
selected disyllables showed similar overall prossdiin-
cluding almost identical overall durations that evéacilitat-
ed by the similar segmental make-up LL\CV(C). The
remaining marginal duration differences betweenttiree
disyllables were equalized to 650ms by meanpsuofia re-

syntheses irpraat (Boersma, 2001), which required linear

overall lengthening or shortening of less than 15%.

In addition to the target disyllables, the speaktso prod-
uced the unequivocal disyllabic vegocken(['k™u.k®n:"],
‘watch/look’, 700ms) with a clear rising pitch a&et (H*)

This was tested in two separate AX tests in whiwh X
elements were represented by the three stimulitoérethe
ISO or the WORD+ condition. In both tests the Anedmts
were phonetically constans]flike ‘hum’ sounds that were
generated by means pfaat with a fundamental frequency
(FO) of 100Hz, and with frequencies of 500Hz, 1580&hd
2500Hz for the first three formants (F1-F3). ElevAn
elements with increasing overall durations wereig@ for
each of the two test conditions ISO and WORD+. The
durations differed in equal-sized steps of 75mso TAwel-
ements were shorter than the X stimuli (-75ms da@dms),
the third A element had the same duration as X, &
elements were longer than X (+75ms to +600ms). Bach
was combined with all 11 As. The stimulus pairsenieitro-
duced by a beep and followed by a pause of 4 sscond
during which they were judged. The A and X elemeavese
separated by pauses of 1 second.

The PHONEME series

The second stimulus series (PHONEME series) wasifset
in the same way as the SYLLABLE series, excepttiay
aspects. First, the second series was based dalisyiable
triplet (4)-(6) instead of (1)-(3). Moreover, inettWORD+
condition of the second series the disyllables(63)were
attached to the disyllabic no@vla (['k™"o:.1a], soft drink).
It triggered a perceptual reinterpretation of theylthbles
and led to the utterances (Wjillst du mal + Cola‘do you
want cola’, (5)Haben wir + Cola‘Do we have cola’, (6)
Nehmen Sie + Cola?o you take cola?’. Unlike in the first
series, all stimulus reinterpretations of the selcegries res-



ulted in thesamenumber of syllables (i.e. 3 + disyllabic

Results

Cola). However, the numbers of segments/phonemes that

can be restored with reference to the words emgrijom
the reinterpreted disyllables increased from (&yv&r (5) 3
to (4) 5. The durations of the three stimuli in 180 and

General Remarks
Supplementary to the two perception experimentsadn

WORD+ conditions of the second series were 620ms dfitional group of 12 native speakers of German asked

1.300ms, respectively. The 11 durations of the émgints
in the two AX tests for the stimuli of the secoratiss were
adjusted accordingly. If the identification of tNEORD+
stimuli (4)-(6) of the second series goes alondhaitphon-

informally to reproduce the strings of words of =12
ISO and WORD+ stimuli of the SYLLABLE and
PHONEME series that were presented to them indaligu
per loudspeaker. Some speakers reproducedMissen +

eme-based restoration of the unreduced, canonicatl w 9uckensequence ad/illst du ihn guckemstead oWillst du
forms, then the growing numbers of restored phom;emede” guckenBut this small variation does not affect the

should increase the perceived length of the stisudicess-
ively from (6) over (5) to (4). In fact, when prazkd in an
non-reduced fashion the utterance \(@)Ist du mal Colais

on average about 130ms longer than H@ben wir Cola

which, in turn, is about 70ms longer than the ageratter-
ance duration of (4Nehmen Sie ColaHowever, if there is
restoration, but guided by syllables rather thanngmes,
then the reinterpreted WORD+ stimuli (4)-(6) wilbund

similarly long. Finally, any kind of perceptual tesation

will make the WORD+ stimuli appear longer relatteethe

A elements than the ISO stimuli of the control dtind.

Subj ects and Performance

The 2x2 AX tests were cross-combined and preseimed

two separate perception experiments with differgnatups
of 16 or 17 native speakers of German (12 maldegiale
subjects, 19-26 years old; gender was roughly balhn
across the two groups). That is, group 1 receivedtivo
AX tests with the 1ISO stimuli of the SYLLABLE anditiv

perceived syllable number. All other 11 1SO and WIBR
stimuli were reproduced with exactly the same wugdas
shown above. It can hence be assumed that theseiyest
wordings also underlie the subjects’ relative l&ngidg-
ments in the actual experiments.

As regards the results of the actual experimentayust at
first be noted that the stimulus pairs showed arcteder-
of-presentation effect. A t-test for paired samples done
that compared the frequencies of ‘longer’ judgmemetded
by the A stimuli in all AX and XA pairs of the twexper-
iments (i.e. n=264 per sample). It was found thatA stim-
uli (constant speech-like hum with][formants) were sig-
nificantly more often deemed to be longer thanXtrsimuli
(ISO disyllables or WORD+ utterances) in the XA erd
than in the AX order (t=-3.704f=263; p<0.001).

Results of the SYLLABLE stimuli

Superimposed on the general effect of the secdnulilsis
in the pair to sound longer than the first, whistaiso well-

the WORD+ stimuli of the PHONEME series. Making the known from previous studies, the SYLLABLE series
ISO vs. WORD+ variable a between-subjects factor obshowed a striking effect of syllable number ontleeceived

scured that the main focus of the experiment washen
subjects’ (re-)interpretation and perception of diwyllables
(1)-(6). The two AX tests of group 2 contained #&O

duration of the X stimuli relative to the A stimulfhe re-
sults of the SYLLABLE stimulus pairs were analyzey
means of a series of 7 t-tests that were based®rfré-

stimuli of the PHONEME and the WORD+ stimuli of the quencies of ‘A longer X' judgments summed up acrais

SYLLABLE series.
The two experiments took place subsequently irsttree
sound-treated room, in which the stimulus pairsensayed

subjects, which yielded values between 0 and 6&erms
of the concerned disyllables 6 t-tests dealt wligh compar-
isonsNormavs. Kermit, Normavs. Wissen andKermit vs.

over loudspeakers with constant sound settings. Th@issenin both the ISO and the WORD+ conditions. Addi-

stimulus pairs of each test were presented fouegjrtwice
as AX and twice as XA pairs, in an overall randostiz
order. Thus each test consisted of 11x3x4=132 #tisnu
pairs. An entire experiment had 264 pairs. Theesibjwere
asked to compare the speech-like hum stimuli (Ahuhe
actual speech stimuli (X) and to make a spontan@aics
ment therafter for each pair as to whether the dpéke
stimulus or the speech stimulus was the longer dudg-
ments were made by pressing buttons on a smalldoaxed
in front of the subjects that also recorded theviddal re-
action times relative to the end of the stimulus.pa

After this introductory instruction, the subjectsderwent
a five-minute training session with pairs of theeeagh-like
stimuli that showed the full spectrum of duratiaffedent-
ces. The whole experiment had a duration of 1 haahid-
ing a break between the 2 t test sessions of equTienent.

tionally, one t-test for independent samples (aettitogen-
eous variances, corrected by adjustifigcompared the 1ISO
condition (1) with the WORD+ condition (3), i.eolated
Normavs. Wissen + guckenThe findings are illustrated in
Figure 1.

No significant differences in ‘A longer X' judgmtn
were found between the stimulus pairs of the IS@d@mns
(2)-(3). Therefore, all corresponding judgmentseveooled
in Figure 1. The resulting psychometric curve iarelster-
ized by quite an abrupt change from a clear (beu&a90%)
‘X longer A’ to an equally clear ‘A longer X' perp&on
that starts for the stimulus pairs with identicalafdd X
durations, and that continues for the pairs in Wwhitce A
stimuli were 75ms and 150ms longer than the X dtimu
The point of subjective equality (PSE) in termstlué per-
ceived length of the A and X stimuli is +37ms. Thgtin



the case of physically identical durations the Xmati
appeared slightly longer than the A stimuli. Thesgeptual

df=31; p<0.001), and smaller steps fraffissento Kermit
(844ms vs. 937ms; t=8.506jf=16; p<0.001) and from

bias may be due to the greater spectral and prosodKermitto Norma (937ms vs. 1266ms; t=-9.2206f=16; p<

variation in the X stimuli, including a stimulusaéil pitch
fall which is known to induce perceptual lengthenif.
Lehiste 1976).
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0.001). In consequence, the t-test that comp@sdenand
Norma also came out highly significant (t=17.22¥%=16;
p<0.001). All other t-tests returned non-significam\
graphical summary of the mean reaction times of the
SYLLABLE stimuli in the AX tests is provided in Rige 2.
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Figure 1: Percentages of ‘A longer X' judgmentdgeel by
the two AX tests based on the speech stimuli (X)thef
SYLLABLE series when compared with the 11 speeké-li
hum stimuli (A) whose durations range from -150ms t
+600ms relative to X. The data of the ISO conditieere
pooled across all disyllables (1)-(3), n=192 percpatage.
The results of the WORD+ are presented separaielgach
utterance (1)-(3), n=68 per percentage.

Unlike in the ISO condition, the A stimuli in the @RD+
condition had to have durations of considerably eritian
0-150ms in order to reach or exceed the percemegth of
the X stimuli. The corresponding three judgmentvesrin
Figure 1 illustrate how the perceptual changesitdohger
X' occur likewise abruptly and as clearly as in theoled
ISO condition, but they required A durations of laast
225ms and up to 525ms. Moreover, the perceptuaigdsa
in the WORD+ conditions were successively delayednf
Wissenover Kermit to Norma Accordingly, the ‘A longer
X' frequencies decreased significantly in the cepanding
t-tests from ISO to WORD-+Wissen (t=10.339; df=31;
p<0.001), and then within the WORD+ condition ferth
from Wissento Kermit (t=6.022;df=16; p<0.001) and from
Kermit to Norma (t=-6.473;df=16; p<0.001), despite phy-
sically identical durations of all WORD+ stimulif@ourse,
the com-parson of the extreme stimWlissenand Norma
was also highly significant (t=14.046f=16; p<0.001).

With regard to the points of subjective equalitypthyed
in Figure 1 (i.e. 209ms, 293ms, 464ms), the resultggest
as a rule of thumb that with every additional dyléathat
was identified in the wordings of the X stimuli therceived
length of X relative to A increased by 90-150ms.

Parallel to the syllable-related increase in tleecpived
length of the X stimuli an additional series of -fests
revealed an increase in mean reaction times wilge step
from ISO to WORD+Wissen(459ms vs. 844ms; t=14.001;
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Figure 2: Reaction times (means and standard dengain
ms) of ‘A longer X' judgments received for the spkee
stimuli (X) of the SYLLABLE series when comparedthwi
the 11 speech-like hum stimuli (A) in the two AXste
Each bar represents 64 (ISO) or 68 (WORD+) judgment

Results of the PHONEME stimuli

The results of the AX tests based on the PHONENRuit
are presented in Figures 3 and 4. Analogous toethdts of
the SYLLABLE series it can be seen in Figure 3 thath
PHONEME stimulus X in both the ISO and WORD+ con-
ditions led to a clear and rapid perceptual travsitrom ‘X
longer A’ to ‘A longer X' across the 11 comparisongh
the increasingly longer A stimuli. Moreover, inres of the
majority of judgments all changes to ‘A longer Xddot
take place until the A stimuli showed much greatera-
tions than the X stimuli. That is, the acousticddighly var-
iable speech stimuli (X) were inherently longerrthibe ac-
oustically constant hum stimuli (A). The PHONEMEué#s
also resemble the SYLLABLE results in that the tiores
needed for the A stimuli to be perceived as siryileomg or
longer than the X stimuli had to be significantlsegter in
the WORD+ than in the 1SO condition (based on theg-
arison 1SO (1)Wismar vs. WORD+ (3) Nimm sie t=
-13.812;df=21; p<0.001 according to t-test for independent
samples with heterogeneous variances dhdorrection).
Consequently, the point of subjective equality obAd X
lengths was located at about 66ms in the 1ISO ciomdénd
amounted to at least 188ms in the WORD+ condition.
Finally, as in the SYLLABLE series, the greater qeived
length of the PHONEME stimuli relative to A in the
WORD+ condition went along with a substantial ateba
significant increase in mean reaction times (cf.£i t=
-3.300;df=26; p=0.003).
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Figure 3: Percentages of ‘A longer X' judgmentdgeel by
the two AX tests based on the speech stimuli (X)thef

(844-1266ms). In summary, the PHONEME disyllables
Wismar, HammerandNimm siethat were characterized by
physically identical durations were also perceiesdbeing
equally long in the WORD+ stimuli, and they werepr
cessed homogeneously by the listeners in termsauition
times, despite their different reinterpretationsVeist du
mal + Colg Haben wir + Cola Nehmen Sie + CoJand the
different potentials for phonemic restorations thhése
reinterpretations offer.

Conclusions

It was shown that the three sound patterns '(B)sf.mq],

(2) [k"&s.m"r*t"], and (3) [vis.son] were identified by
German listeners as the highly reduced functiondwes-
quencesNun wollen wir mal, Kénnen wir migndWillst du
den/ihnwhen followed by a semantic-prosodic trigger, i.e.

PHONEME series when compared with the 11 speeeh-likthe verbgucken In unreduced forms these function word
hum stimuli (A) whose durations range from -150ms t sequences have 1, 2, or 3 syllables more thanislyiathic

+600ms relative to X. The data of the ISO conditieere
pooled across all disyllables (1)-(3), n=204 percpatage.
The results of the WORD+ are presented separatelyaich
utterance (1)-(3), n=64 per percentage.

‘l (6) Nimm Sie @ (5) Hammer O (4) Wismar
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Figure 4: Reaction times (means and standard devgain
ms) of ‘A longer X' judgments received for the splee
stimuli (X) of the PHONEME series when comparedhwit
the 11 speech-like hum stimuli (A) in the two AXste
Each bar represents 68 (1SO) or 64 (WORD+) judgment

Apart from these similar results, the crucial diffiece be-

nounsWissen, KermjtandNormag which emerge from the
sound patterns presented in isolation. This faqbeecep-
tually reflected in successively increasing stinsulengths
(about 90-150ms per syllable) and reaction timdsoia
100-300ms per syllable) when judged in relatioratoon-
stant p]-like hum sound. These twofold judgments differ-
ences represent strong, though indirect, behavevidence
that the function word sequences manifest themsghee-
ceptually in fuller forms than ju$tds-.ma], ['k"&E.m" 1",
and [vis'.son]. That is, the increase in syllable numbers was
paralleled by restoration processes that took Sstesly
more time the more syllables were to be restored.

The same syllable-related restoration effect canmade
responsible for the increases in perceived stimigagth
and reaction time that occurred between the 1SQliton
(i.e. Wisma) and the WORD+ condition (i.&Nimm sig of
the PHONEME series, since the function word segegnc
that emerged from (4)\is.ma)], (5) ['ham.m’a], and (6)
['dim’.zi] (Nimm si@ in this series show three syllables in
their unreduced forms and hence one syllable nfae the
disyllablesWismar, Hammerand Nimm sie.Of course, as
in the SYLLABLE series the increase in reactiondifrom
ISO to WORD+ in the PHONEME series could also partl
be due to the Weber-Fechner law, i.e. the listérsenssi-
tivities to duration differences and hence the wmrfce and
velocity of their judgments decreased with the éasing

tween the SYLLABLE and the PHONEME stimuli is that physical stimulus duration that was given in thexfef the

the latter showed further significant effects withthe
WORD+ condition neither with regard to length judgmts
nor with regard to the corresponding reaction timies
terms of the points of subjective equality in riglatto A,
the lengths of the X stimuli differed by less tH#ims (188-
236ms), as compared to more than 250ms (209-46dfms,
Fig.2) in the SYLLABLE series. Similarly, the meae-

attachedCola in the WORD+ condition. The attachment of
Cola triggered the reinterpretation \Wismar, Hammerand
Nimm sieasWillst du mal, Haben wirandNehmen SieBut
although the different wordings that resulted frimase re-
interpretations offered the possibility to restatiéferent
numbers of phonemes (based on the correspondirgnean
ical word forms), and although the different phoeem

action times to the WORD+ PHONEME stimuli increasednumbers are actually reflected in different averdgeations

by less than 100ms frolimm sie (812ms) toWismar
(902ms), whereas the parallel stimuli of the SYLUAB
series caused a reaction time increase of more 4BA8ms

when the three reinterpreted utterances are prodircan
unreduced fashion, there is no evidence from diffees in
relative perceived stimulus lengths or reactionesnthat



these phonemic or durational matters played a irolthe
listeners’ judgments of the WORD+ stimuli. That the
present findings do not give rise to the assumptioat
listeners made use of the possibility of restorisgp-
syllabic, i.e. phonemic units in highly reduced exie

This conclusion represents a major difference tmps et
al. (2004:118) who fountkolid evidence for restoration of
missing phonemes in reduced word forms’this context it
must be noted that the findings of the presentysarajin-
ated from an experimental task that avoided anyli@ip
references to single sounds/phonemes or orthoghaphy
ters. Rather, the comparison of perceived stimdiustions
was suitable to draw the subjects’ attention awaynfthe
wordings of the stimuli. In contrast, Kemps et @ded or-
thographic representations and phoneme monitofngm
this point of view the present study supports presias-
sumptions according to which the empirical evideimckav-
our of the phoneme as the basic concept in spobemein-
ication is at least partly due to the fact that ¢berespond-
ing studies take the phoneme as their point of depaand

hence inevitably create a phoneme bias. Howeveart ap

from this phoneme vs. syllable (or generally supgasent-
al) issue, the present findings support that angitestor-
ation does occur in perceiving reduced speech tlzatdthe
cognitive processes that underlie this restoratitanifest
themselves indirectly in increased reaction tineshe re-
stored stimuli. The presence of a masker or inpden) or
the complete disappearance of units that are affeby
restoration are no pre-requisites for this process.
Substantiating this initial empirical basis, follayp stud-
ies must aim at shedding more light on the exatiraaof
the restoration, most importantly on the questidrat liste-
ners actually restore. Do they restore only a kifhgyllable-
based durational grid with very vague phonetic enfjtor
do they restore a phonetically much richer reprieegem of
the reduced sound patterns? Or can both be truendem,
for example, on semantic and prosodic contexthi@rcbg-
nitive load of the listener? For example, the thett the in-
crease in perceived stimulus length of about 90sisiper
syllable is well below the average syllable dunatio Ger-
man (Kiinzel 1987) could indicate that the restoratioes
not go all the way to the traditional canonicalnfor=urther-
more, to what extent are the listeners’ restoratiamcluding
the type of restored units (phonemes/syllablesk #ad sti-
mulus specific, and what how do phonetic and phagio&l
reference forms in the mental lexicons look likd® Bcope
of these questions indicates that the main corttabuwof the
present study was to (re-)open an important fiélesearch
rather than to provide definite and comprehenshsers.
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