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CONTEXTUAL VARIABILITY VERSUS PERCEPTUAL CONSTANCY IN SPEECH 

GERARD F • .J. VAN MEURS 

l. INTRODUCTION 

One of the most striking aspects of the perception of speech is the 
relatively great amount of perceptual constancy in the light of the 
enormous amount of acoustical variability in the speech sign�l. Lis
teners are able to divide speech in discrete segments, roughly cor
responding to phonemes (Daniloff and Hamrnarberg, 1973). This perceptual 
reality (1) seems to suggest an acoustical reality as well. The history 
of speech perception started with the search for stable acoustic correl
ates of perceived phonetic contrasts. As far as this goal is concerned 
this search was rather unsuccessful. It is hard to find invariant cues 
for each phoneme, i.e. cues that accompany a phoneme in all accoustic
phonetic environments. Acoustically different signals can be perceived 
as one and the same phoneme, as demonstrated by Liberman et al. (1967) 
with their well known /di/ - /du/ example, in which the same /d/-percept 
is cued by very different transitions of the second formant. At.the same 
time it is possible for one acoustical signal to be perceived as differ
ent phonemes: Liberman, Delattre and Cooper (1952) showed that the same 
synthetically produced burst of noise could be perceived as a /p/ or a 
/k/, depending on the following vowel. These facts have led to a theory 
of speech perception as an active process in which analysis of the con
tinuous acoustical signal yields discrete phonetic percepts; in this 
view the cues to phonetic contrasts are always evaluated in the �ontext 
in which they occurred. Some investigators however opt for a theory of 
acoustical invariance (see for instance Stevens and Blumstein, 1981). 
Without denying the possible role of context dependent cues they claim 
that the acoustical invariance corresponding to a given phonetic cat
egory is provided by the integration of several acoustic properties. 
Stevens and Blumstein extensively illustrate their point of view with 
the observation that the gross spectral properties of the initial 10-20 
msec spectrum of stops provide more or less invariant information 
concerning the place of articulation. 

Toe majority of studies on all sorts of aspects of speech perception 
have been concerned with isolated, natural or synthetic, utterances. The 
underlying assumption was that the results of these studies could be 
generalised straightforward to the perception of natural speech. Only 
since the last decade an increasing number of workers in the field of 
speech perception seem to acknowledge that this assumption is at least 
questionable (Koopmans-van Beinum, 1980; Pisoni, 1983; Pols, 1983; 
1984). Although those studies with isolated stimuli have greatly con
tributed (and continue to do so) to our knowledge of the different cues 
to different phonemes, it should be noted that identifying isolated 
speech stimuli is a quite unnatural task that has very little in common 
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with understanding n.atural speech. The most important deficiency in 
isolated speech is the lack of context: natural speech is always em
bedded in a context. The linguistic aspects of the context put heavy 
constraints on the possible identifications of phonemes at the syn
tactic, lexical/semantic� and pr�gmatic level. But even without 
these constraints the cues that accompany a given phoneme vary with the 
acoustic-phonetic context. The acoustic-phonetic aspects of the context 
(for instance phonemic environment, speaking-rate, duration

'
, amplitudff, 

spectral transitions, and characteristics of the speaker) are important 
in c�eating a referential framework for interpreting cues. Pals states 
this point as follows: "There' is always interaction between the vari
ation in speech sounds and the context which sets the referential frame
work. If there is no context then the listener's reference is ill-
defined." (Pals, 1983, p.2). 

In this paper an overview will be given of some studies concerning as
pects cif this aco�stic-phoneti� �ontext. This overview is the start of a 
ZWO project concerning the effect of local context on the correct 
identification of acoustic-phohetic information in speech understanding. 
rn·this project the hypothesis will be tested whether isolated presen
tat'tdn of a segment of a few phonemes will always lead to a relatively 
low:i,dentification compared to the performance with the same segments in 
a"broadei lo��l �ontext, which only contributes acoustic-phonetic infor
mat'ion. : 

2. ASPECTS OF THE ACOUSTIC-PHONETIC CONTEXT 

Although it is well known that the syntactic, lexical/semantic and 
pragmatic aspects of the context in which natural speech is uttered can 
hav� great influences on the identification of phonemes and words (2)� 
the attention in this paper is focused to some acoustic-phonetic aspects 
of the context: eff"ects of the phonemic context (2.1), effects of 
speaker variation {2.2), effeets of speaking rate (2.3), and more 
global asp�cts of the acoustic-phonetic context (2.4). 

2. 1 THE PHONEMIC CONTEXT 

The acoustic realization of a given phoneme is to a very large extent 
dependent on the phonemic environment in which it is uttered. Rather 
then b·eing produced as isolated sounds, phonemes are produced as over
lapping and interacting movements of the articulators (coarticulation). 
In order to be able to decode the message from th� acou�tical signal, it 
is necessary for the listener to use the local ·phonemic: context in which 
the message was produced. Liberman et al. (1967) argue that the speech 
code in which most phonemes are contextually coded is a necessary con

dition for achieving normal speech rate: "It is this kind of parallel 
processing that makes it possible to get high speed performance with low 
speed machinery." (p. 446/47). , 

. . 
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Liberman et al. (1967) make a distinction between 'encoded' and 
'unencoded' phonemes. The cues to the first set of phonemes are fully 
interwoven in the surrounding context; phonemes of the latter sort are 
more or less independent of the context (fricatives and the longer 
steady state vowels). Cole and Scott (1974) make a similar distinction; 
in their view the listener uses at least three classes of cues simul
taneously to identify the speech sounds: invariant cues, context
dependent cues, and waveform envel9p cues. Reviewing the.research on 
consonant identification they conclude that it is possible to identify 
some phonemes, and to discriminate some groups of phonemes, on the basis 
of an invariant configuration of acoustical cues; particular members of 
these latter groups can only be identified with context-dependent cues. 
Liberman et al. (1967) point at some interesting differences between the 
two sets of phonemes: 

I. The superior discrimination of physical differences near phonetic 
bounderies ('categorical perception') seems to be restricted to the 
set of 'encoded' phonemes. 

2. The superior identification of speech stimuli presented to the right 
ear ('right ear advantage') seems to hold only for 'encoded' phonemes. 

An important class of context-dependent cues is formed by the transi
tions from (VC) and to (CV) a vowel nucleus. Transitions are 
produced by changing the realized shape of the vocal cavity for one 
phoneme to the realization for the next. The transition from one phoneme 
to another is determined by the 'starting' phoneme as well as the 
'destination' phoneme. In this way it is possi ble for transitions to 
convey parallel informatio n  about adjacent phonemes (3). 

Steady state vowels produced in isolation can be regarded as laboratory 
artefacts that are never encountered in natural speech; it might 
therefore be hypothesized that vowels embedded in a consonantal context 
may be better identified than vowels produced in isolation. This 
hypothesis was confirmed in an experiment by Strange et al. (1976) on 
vowel identification. The difference in the identification scores be
tween isolated and embedded vowels could not be attributed to deviant 
formant structures of the vowels, since these were found not to differ 
systematically for the two sorts of vowels. (See however Koopmans-van 
Beinum (1980); in her data the formant frequencies of the vowels in CVC 
words were slightly 'reduced' compared to those of vowels produced 
in isolation). According to Strange et al. " • • •  no single, temporal 
cross sectl.on of a syllable conveys as much vowel information to a per
ceiver as is given in the dynamic contour of the formants." (p. 221). 
Rakerd, Verbrugge and Shankweiler (1984) replicated this effect of the 
consonantal context with a vowel monitoring task, although the magnitude 
of the effect was much smaller than in the original experiment of 
Strange et al • •  This illustrates an important point in perception re
search: more often than not the magnitude - sometimes even the absence 
or presence - of an effect is dependent on the particular experimental 



I 

- 26 -

design. Weenink (1984) questions the data of Strange et al. concerning 
the facilitating effects of a consonantal context; he gives more credit 
to the data of Macchi (1980), who failed to find a difference in identi
fiability between isolated vowel� and vowels in a consonantal context 
when speaker, listeners, and response categories where carefully chosen. 

The influence of the phonemic context is of course not restricted to the 
effect of consonants on the perception of vowels. Sherman (1952) inves
tigated the influence of the vowel.on the identification-of the con
sonant in CV and VC segments from three different talkers. More spe
cifically, she hypothesized that the presence of cues from the 
transitional period f rorn the consonant to the vowel and vice versa might 
help the identification of the consonant. She found that the identifi
cation of consonants was indeed differentially affected by the presence 
of different vowels, and also, that this influence of the vowel was 
dependent on the position of the consonant in the syllable. The same 
phenomenon was recently investigated more systematically for the Dutch 
language by Klaassen-Don (1983); her conclusions point in the same 
direction: 

1. Vowel transitions contain information about adjacent consonants; 
the amount of information depends on the specific consonant. 

2. There is no clear dominance in perceptual information about adjacent 
consonants in VC over CV transitions (4): some consonants are better 
identified in VC syllable whereas other are better identified in CV 
syllables. 

3. Vowel transitions in excerpts of running speech contain less infor
mation about adjacent consonants than vowel transitions in utter
ances produced in isolation. 

The perception of consonant phonemes is not only influenced in vocalic 
environmentst but also in consonant clusters; see for instance Van den 
Berg and Slis (1984) concerning the assimilation of voice in Dutch two
consonant clusters. 

Apart from the influences on the spectral characteristics of speech 
sounds, the phonemic context also has effects in the temporal domain. 
The durations of both vowels and consonants depend to a substantial 
degree on the specific phonemic environment in which they are uttered. 
The relative duration of vowels seems to be determined by the nature of 
the following consonant: vowels before nasals tend to be longer than 
vowels before fricatives, whereas the latter tend to be longer than 
vowels before plosives. The. durations of consonants is also influenced 
by the surrounding vowels and consonants. Most of the durational 
differences have an articulatory basis (Nooteboom and Cohen, 1984). 

So far, only the mutual influences of adjacent speech sounds have been 
considered. But the interacting influences of phonemes (5) go far 
beyond the strict neighbouring sounds. Effects of coarticulation for 
instance were shown to operate over several consonant phonemes 
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(Bell-Berti and Harris, 1982). Some of the more remote effects of the 
acoustic-phonetic context will be treated in 2.2, 2.3, and 2.4. 

2.2 SPEAKER VARIATION 

The acoustic structure of speech shows marked differences among men, 
women, and children, and very often even the differences wi�hin a group 
of speakers of the same sex are considerable. These differences between 
speakers are most easily demonstrated as differences in the vowel spaces 
(6) of the different speakers. Despite the sometimes rather .large 
differences in the formant frequencies of one vowel among different 
speakers, people are able to identify these acoustically different 
signals as instances of the same vowel. This remarkable performance has 
led investigators to hypothesize some normalization process: according 
to Joos (1948, cited in Ladefoged and Broadbent, 1957), listeners 
calibrate a speaker's vowel space on the basis of a short stretch of 
speech. This short stretch of preceding speech is necessary for creating 
a referential framework against which other vowels of the same speaker 
can be evaluated. 

Since the acoustic structure of speech varies from speaker to speaker it 
might be hypothesized that a set of vowels from one speaker might be 
better identified than a random mixture of vowels from different 
speakers. This hypothesis was tested in the experiment on vowel identi
fication of Strange et al. (1976). They found a statistically signifi
cant support for this hypothesis, although the effect of the consonantal 
context (see 2.1) far outweighed the effect of speaker variatton. This 
effect of the single speaker versus the multiple speakers condit�on was 
replicated in one of the experiments of Verbrugge et al. (1976). In 
another experiment they performed a more direct test of the normaliz
ation hypothesis. In one condition of their experiment the /hVd/ 
test syllables of different speakers were preceded by three point vowels 
(/i/, /a/, /u/; in a /kVp/ syllable) that were thought to define a 
speaker's idiosyncratic vowel space to which later vowel tokens might 
be referred. Apart from the influence on the listener's response bias 
these precursors hardly had any effect. In a third experiment the /pVp/ 
test syllable was produced in a destressed position in a neutral carrier 
sentence. Presenting the excised /pVp/ syllables preceded by a precursor 
of point vowels produced in isolation actually increased the number of 
errors compared to the presentation without precursor. Presenting the 
destressed /pVp/ syllables in the sentences in which they were orig
inally produced decreased the error rate. Verbrugge et al. (1976), and 
also Strange et al. (1976) do not consider their data as very convincing 
support for a proces of speaker normalization. Their observation that 
the talker- dependent acoustic variation does not seem to pose a major 
perceptual problem for the listener does not, however explain how the 
listener copes with this variation. 

The superior performance of listeners in identifying vowels of one 
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speaker compared to their performance when listening to vowels of 
different speakers was demonstrated for the Dutch language by Van Balen 
(1977), and more recently by Weenink (1985) (7). Both Van Balen (1977) 
and Weenink (1984) disagree with.the conclusions of Strange et al. con
cerning their minimization of normalization problems. Van Balen found 
that the difference between the single speaker and the variable speaker 
condition was greatest in the second half of the listening test; he 
interpretes this as fatiguing effects of listening to diffeient voices. 

In the classical study of Ladefoged and Broadbent (1957) subjects had to 
identify the vowel of synthetically produced /bVt/ segments that were 
preceded by a neutral precursor sentence. This sentence was syntheti
cally generated with six different formant structures. The results 
clearlv indicated that the identification of the vowel in the test word 
(the /bVt/ segment) was dependent on the auditory context ( i.e. the 
formant structure of the vowels in the precursor sentence) in which it 
occured. These results seem to be at variance .with the results of 
Verbrugge et al • •  This variance cannot be explained by the fact that 
Ladef oged and Broadbent used synthetically manipulated stimuli since 
Dechovitz (1977) obtained similar results in a modified replication of 
their experiment with natural speech stimuli. A possible account for 
this discrepancy is the lack of perceived continuity between the three 
precursor vowels produced in isolation and the test vowels in the 
experiment of Verbrugge et al . •  Experiments of Dorman, Raphael and 
Liberman (1979) and Dechovitz, Rakerd and Verbrugge (1980) suggest 11 

that discontinuities in the production of speech can constrain the 
stretch of signal over which the features are integrated in phonetic 
perception." (Dechovitz et al., 1980). 

2.3 SPEAKING RATE 

Changing the rate of speaking has consequences for the number and the 
durations of pauses and it also affects the articulation time of the 
phonetic segments in an utterance. These changes in articulation time 
imply a modification of the temporal and possibly also the spectral 
parameters of speech. In general, a higher speaking rate means that 
nearly all phonetic segments are shortened, although the various 
segments are not shortened proportionally. Whether a higher speaking 
rate also has spectrally reducing effects seems to be an unresolved 
iss ue (Miller, 1981). Some authors claim that a higher speech tempo 
results in a certain degree of spectral reduction that is mediated 
primarily by the temporal reduction. More recent evidence however fails 
to replicate those instances of spectral reduction. The data of 
Koopmans-van Beinum (1980) are inconclusive in this respect: the 
observed relation between vowel duration and formant shifts cannot be 
interpreted properly because speaking rate was not an explicit variable. 

The observation that listeners seem to have no apparent trouble in 
identifying speech of different rates, together with the acoustical 
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evidence for the temporal reduction due to variations in this rate 
suggests compensatory mechanisms in the process of speech perception. 
The perception of a variety of phonetic distinctions is indeed sensitive 
to the perceived rate of articulat":Lon. Obviously, the referential 
framework not only specifies spectral characteristics of a speaker ' s 
utterance, but also temporal ones. 

Ainsworth (1974) investigated the effect of the rhythm of a precursor 
sentence on the identification of a.test vowel. In an ear lier experiment 
(Ainsworth, 1971) he had already demonstrated the importance of vowel 
duration as a cue to the identity of synthetic vowels. In this experi
ment subjects had to identify a synthetic vowel in a consonantal context 
(/hVd/), that was preceded by three repetitions of the vowel/�/. The 
time between the precursor vowels was equal to their length; this length 
varied from 120 to 600 msec , in steps of 120 msec . The duration of the 
test vowel also varied. It was found that the rhythm of the precursor 
sequence influenced the perceived identity of the synthetic vowel, 
especially if the formant frequencies and the duration of the test vowel 
were such as to render its identity ambiguous . In a replication of this 
experiment it was demonstrated that the nature of the vowel in the 
precursor sequence did not interfere with the effect of the rhythm. 
These results point to the perception of the relati ve durations of 
speech sounds. The results should however be considered with caution for 
two reasons. In the first place it should be noted that the durations of 
both the precursor and the test vowels in the experiments of Ainsworth 
seem quite long in the light of more recent measurements on vowel 
durations (see for instance Klatt (1976) for the English language ; 
Koopmans-van Beinum (1980) for the Dutch language). Secondly, from the 
experiments of Ainsworth it cannot be ruled out that the effects of the 
rhythm of the precursor sequence are effects of the duration of the 
interval between the precursor vowels� since this was confounded with 
the length of the precursor itself. 

In one of the experiments of Verbrugge et al. (1976) subjects had to 
identify vowels in /pVp/ syllables that were rapidly spoken in a de
stressed position of a carrier sentence (see 2.2). Isolated presentation 
of these /pVp/ syllables resulted in more errors than isolated presenta
tion of CVC syllables that were produced in isolation . A closer analysis 
of the errors revealed that the vowels in the /pVp/ syllables were 
evaluated as being produced in isolation; as a result of this perceptual 
bias most errors were responses of more 'centralized' vowels . "The 
tendency of listeners to select more 'central' vowel responses suggests 
that they underestimated the tempo at which the excised syllables were 
spoken." ( Verbrugge et al., 1976, p.207). This tendency was even more 
pronounced in the error data of the subjects in the point vowel pre
cursor condition. In this condition the /pVp/ syllables were preceded by 
a precursor containing the point vowels (/hi/, /ha/, and /hu/). This 
precursor was produced by the same speaker of the test syllable, but in 
isolation. Obviously, the precursor and the test syllable were produced 
at very d ifferent tempi. Analysis of the errors suggests that instead of 
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calibrating listeners to the formant structure of a speaker's vowel 
space, the precursor calibrated the listeners to an inappropriate tempo, 
leading to a large increase of incorrect 'centralized' reponses. 

Verbrugge and Shankweiler (1977) performed an experiment in which /pVp/ 
syllables in a neutral carrier sentence were produced at a slow and at a 
fast rate. The /pVp/ syllables were presented in isolation, in their 
original senten.ce frames, and in sentence frames of the opposite rate. 
Again it was shown that most errors. in the isolated presehtation of the 
/pVp/ syllables were reduced vowel responses. Interchanging the rate of 
the sentence frame and that of the /pVp/ syllable had an asyn:µnetrical 
effect: the identification of the slow syllables in the fast sentence 
frames was not impaired, whereas the identification of fast syllables in 
slow sentence frames showed a substantial decrease in performance. In 
identifying the fast syllables in the slow sentences, subjects were 
obviously misled by the inappropriate rate of the sentence frame as most 
errors were reduced vowel responses. To account for the asymmetry the 
authors claim that it is possible that the identification of slow 
syllables was unaffected by the context because they are fully specified 
by the information they contain, whereas the fast syllables need infor
mation from the surrounding context. 

In a replication of the work of Verbrugge and Shankweiler (1977) with a 
different speaker, a different consonantal environment and a different 
carrier sentence, Johnson and Strange (1982) had subjects to identify 
vowels in /tVt/ syllables that were produced at a normal or a fast rate 
in a neutral carrier sentence. Vowels in the normal rate syllables were 
identified very well, whether they were presented in isolation, in an 
inappropriate fast rate sentence frame, or in their original sen�ence 
frame. For the fast syllables however the context in which they were 
presented had a large effect on the accuracy of the performance. Most 
errors, 19%, were made if these fast rate syllables were presented in 
isolation; presentation of the fast rate syllables in the (inappro
priate) normal rate sentence frame led to 11% identification errors, 
whereas presentation of these fast rate syllables in their original fast 
rate sentence frame reduced this figure to only 6%. 

Vowels can be divided in intrinsically long and intrinsically short ones 
(Klatt, 1976; Johnson and Strange, 1982; Koopmans-van Beinum, 1980)e 
Analysis of the errors that were made in identifying the fast rate 
syllables in the experiments of Verbrugge and Shankweiler (1977) and 
those of Johnson and Strange (1982) reveals that most of these errors 
were misidentifications of intrinsically long vowels, that were per
ceived as their spectrally similar short counterparts. The fact that the 
identification of intrinsically nonlong vowels in the fast rate syl
lables was hardly influenced by the context in which they were pre
sented, even though these vowels showed about the same amount of 
spectral reduction as the intrinsically long vowels is taken as evidence 
that " • • •  context exerted its primary influence on listener's sensitiv
ity to temporal rather than spectral (i.e., target) information for 
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vowel identity." (Johnson and Strange, 1982, p.1765). In a partial 
replication of one of the experiments of Johnson and Strange, Van Bergem 
and Drullman (1985) failed to find evidence for similar misidentifica
tions of intrinsically long, rapidly spoken, Dutch vowels presented in 
an inappropriate context (that is, either in a normal tempo context, or 
in isolation). A possible cause of this failure to replicate the 
findings of Johnson and Strange is the rather large measured difference 
between the durations of the intrinsically long and intrinsically short 
vowels compared to the rate induced differences in vowel'duration. It 
is also possible that the effect of the context is totally obscured by 
the verJ high performance of the subjects (ceiling effects). 

The speech tempo not only modifies the temporal and spectral parameters 
of vowels, but also affects temporal cues to consonants. In her review 
Miller (1981) mentions a number of those characteristics that are known 
to be affected by the speaking rate. Again it is shown that the per
ceptual boundaries for some consonantal distinctions are not invariant, 
but dependent on the perceived rate of speech. The distinction between 
single and geminate consonants (i.e*'topic' versus 'top pick') is cued 
by the closure duration before the intervocalic stop . The crossover 
point is dependent on the rate of speech. In a Dutch variant of the 
'slit-split' experiment Pols (1984) demonstrated that the duration of 
the silence between the /s/ and the /1/ determines whether /sl • •  / or 
/spl • •  / will be heard, and that the crossover point is dependent on a 
variety of context effects, including speaking rate. Voicing is 
determined by a variety of cues; the particular set of cues varies with 
the syllabic position of the consonant. Some of these cues are temporal, 
and known to be affected hy the rate of speech. In an experiment Port 
(1976, cited in Miller, 1981) showed that both the duration of the 
closure and the duration of the vowel (cues to the voiced/voiceless 
distinction) were affected by the speaking rate, and that the contrast 
for both cues diminished as the speaking rate increased. More 
interestingly, it was suggested that at faster rates, when the temporal 
cues were less distinctive, the voicing distinction was more reliably 
cued by the absence or presence of glottal pulsing. In some cases the 
manner of articulation is (at least partly) cued by temporal aspects. 
Miller mentions the fricative/affricative� and the stop/semivowel 
distinctions: temporal variables that were shown to cue these distinc
tions were perceived in a relative way. 

Several researchers have been concerned with the determination of the 
most informative part of the context for the perception of the speaking 
rate at a given target syllable. In general, it seems that the temporal 
characteristics (i.e. durations of vowels, durations of transitions) of 
the surrounding context all contribute to the perception of tempo, but 
that the effect increases with the proximity to the target syllable. 
Whether a particular part of the surrounding context plays a part in 
determining the speaking rate is also dependent on the perceived conti
nuity of the utterance (see for instance Dechovitz, Rakerd and 
Verbrugge, 1980). But also the temporal characteristics of the target 
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sylla b l e  i tse l f  are important d e t erminers of the per ceived tempo . 
Port ( 1 978) showed t hat the /b/-/p/ c rossover point d epended more o n  the 
in�rinsic t empo of the t arget word than on the tempo o f  the surrounding 
carrier sentence . Even later occurring parts o f  the context can have 
influences on the perceived rate of speaking . In one o f  the ex
periments of Johnson and Strange ( 1 98 2 )  i t  was found that the stressed 
s y llable a fter the test syllable was most inf orma t i ve concerning the 
identity of t h� v owel in the test syllabl e .  I n  a speeded c l �ssification 
task t Mi l l er ( 1 98 1 )  showed that thi.s use of the later occurring context 
is not confined to unnat u ral tempo d ecisions , bu t a l so takes pl ace in 
real-time speech recognition . 

In most experimenta l s tudies that are reviewed by Miller ( 198 1 )  the 
rat e-speci fic c ue s  to c e r tain d is tinctions ( i . e .  vowel duration ; 
transition d urat i o n )  were a l so providing information a bo ut the rate o f  
speaking . This problem , that a given acoustic proper ty may both s peci fy 
a phone tic contrast and a l so c onvey i nfor mation about the speech t empo 
is exami ned for one speci fic case by Fitch ( 198 1 ) .  I n  her study she 
showed tha t  the perceived voicing of inter vocalic plosives , as well as 
the perception of the speaking rate were both cued ( a t  least par tly) by 
the d uration of t he pre-plos i ve v owel and t he d uration of the closure . 
She demonstrated that it i s  possible t o  disentangle this confoun d ing of 
cues by proposing cues of a higher order : the voiced /voiceless distinc
tion seemed to be more relia bly cued by the ratio of the durations o f  
vowel a n d  closure . More recent evidence however shows that this clo sure 
-to-vowel ratio is nei ther a very relia ble nor an invariant cue to the 
perception of voicing ( Luce and Charles-Luc e ,  1 983) . Obv iously t the 
identification of phonemes and the perception of speech rate are depend
ent on very f ine , local aspects of the surrounding context . Nooteboom 
( 1 981 )  avoi ds the c o ntamination of cues by proposing that each word (or 
word-like unit ) is perceptua l l y  represented by several words ( or word
like units) corresponding to d i ff erent speaking rates . In h i s  version o f  
Mor ton ' s  logogen model word r ecogn ition is a pass i ve process : i t  t akes 
place as soon as a certain ' response strength ' is reached . 

2 . 4  MORE GLOBAL EFFECTS OF THE ACOUSTIC-PHONETIC CONTEXT 

In his plea for the existence of a s pec ial mode for speech perception 
Repp ( 198 1 )  distinguishes t rading relations a n d  context effects .  Trading 
relations o ccur among d ifferent c ues for the s ame phonetic contrasts .  
Repp speaks o f  context e ffects i f  a phonetic d istinction is affected b y  
the following o r  preceding context that i s  not part of the set o f  d irect 
cues . This context may be adjacent o r  more remo t e. A typical example o f  
a tra d i ng relation i s  the perceived voicing o f  intervocalic p l osive� 
that is cued by the d urati o n  o f  the preceding vowel and t he duration o f  
the closure . A typica l  example o f  a c l ose context e ffect i s  the f i n ding 
of Mann and Repp ( 1 980 ; mentioned i n  Repp ( 198 1 ) )  that an ambiguous · 

sound between (/'! a n d  /s/ is mor e  o ften perceived as an instance o f  /sf 
in a /u/ context t han in a / a /  context . Examples o f  t he e f f ects of the 
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more remote context are the e f f ects o f  s peaker variation ( 2 . 2 ) and 
effects of s peaking rate ( 2 . 3) .  

Acoustic-phonetic inf ormation at ·the s y l lable- , word- , or sentence-level 
provides i ndirect c ues to the i nterpretat ion of certa i n  phonetic d i s
ti nct ions . A demonstration of the e f fects o f  indirect cues f r om the 
acoustic-phonetic context is g i ve n  in an experiment by Pol s  and Schouten 
( 1 985 ) . Subject s  were g i ven a two-way choice in ambiguous Dutch sen
tences wh ich al lowed two d i fferent intervocalic plosive consonants i n  
t h e  same posi tion , i . e .  ' Hij belde/telde twee keer ' ( ' He rang/ coun ted 
twice ' ) .  Various par t s  o f  the VCV segment ( pl o si ve burs t , vocalic tran
si t i o n s )  had b ee n  dele ted . The same VCV segments were a l s o  presented i n  
i solation . In o ne condition o f  t h e  e xperiment the burs t  and t h e  VC 
transit ion had been deleted from the VCV segment , leaving only the CV 
tra nsition i ntact .  Presenta t i o n  o f  the s egments in a semantically 
non-informa ti ve context l ed to better r e cognition of the corresponding 
plosi ve consonants , c ompared with i solated presentation . S ince the 
number of available d i r ect cues was the same i n  both presentations the 
d i f ference in recognition scores ought to b e  explained by i ndirect c ues : 
the acoustic-phonetic i nformation a t  the sentence level that fac i li tates 
the i nterpretation o f  the cues t o  the plosive consonant i dentity i n  the 
vocalic t ransitions � 

In one of the e xperiments of N ooteboom a nd Doodeman ( 1 980) the duration 
of a si lent gap between a CVC word containing a test vowel and the rest 
of a sentence was manipulated , and this was f ound to affect the c ro s s
over point o f  the vowel boundary ( that i s ,  the point were the percepti o n  
of /C<./ and /a/ were equally likely) .  Nooteboom and Doodeman conclude 
that the resul t s  o f  their e x periment " • • •  conf i rms the hypothe s i s  that 
the i nternal criterion for vowel l engt� i d enti fication i s  primarily 
affected by the speci fic-phonet i c  s t r ucture o f  the surrounding speech 
ma t er ia l , • • •  11 ( Noot eboom and Doodema n ,  1 980 , p . 285) . A related 
phenomenon i s  t o uched u pon by Dechovi t z , Rakerd and Verbrugge (1 980) in 
their r e pl i cation of an e xperiment of Dorman , Raphael a nd Liberman 
( 1 979 ) .  In this repl ication s peakers p r oduced the sentences ' Le t ' s  g o  
sho p '  a n d  ' Let ' s  go ' ( phrase final intonation ) .  I nsertion o f  a s i l ent 
period between ' go '  and ' shop ' induced the expected perception of ' chop ' 
i nstead o f  ' shop '.  ( see Dorman , Raphael and Liberman , 1 979 ) . I n  a nother 
condition ' shop ' was appended t o  the s e cond s e nt ence ( ' Let ' s  g o ' ) .  
Man ipulation of the si l ence between ' go '  and ' shop ' did not have any 
effect a t  all : ' shop '  remained ' shop ' under all circumstances . Most 
probabl y , the perceptual continuity between ' Let ' s  g o '  and ' shop '  was 
d i sturbed by the phrase f inal i ntonation o f  the sentence . 

S t i l l  another d emonstration o f  more g lobal a spect s  o f  the acoustic
phonet i c  context a t  the sentence l evel i s  g iven by Luce a n d  Charles-Luce 
( 1 983) in their e x pe r iments on the i nvariance of the c l o sure-to-vowel 
rat i o . They measured this ratio at syllable f i na l  posi tions in CVC test 
wor d s  that were produced with vowe l s  of d i f f erent intrinsic d urations , 
in d i f ferent positions within the sentence , and with d i fferent sub-
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sequent l ocal phonetic contexts ( the first phoneme following the t es t  
wor d  was either a reduced vowel /a/ or a / t/ ) . I t  was shown t h a t  both 
vowel duration and the closure-t o-vowe l  ratio varied with a l l  t hese 
factors . 

In t he e xperime nts o f  Pickett and Pol lack ( 1963 ; Pol l ack and Picke t t , 
1963) the i n tell igi b i l i t y  o f  e xcerpts f r om f luent s peech i ncrease d  with 
the d u ration of the s peech sample . I t  should b e  noted o f  course that 
these r esults - altho ugh telated t o  the a bove - cannot be explaine d  
entirely by �coustic-phonetic f�ct�rs s ince t he u n i t  of intell i g i b i l i t y  
was stud i e d  at the level o f  • words i n  a meani ngful context . The t ra d e-off 
between acousti c-phonetic and l inguis t i c  ( semantic/syntac t i c )  informa
tion i s  nicely i llustrated by the fact that the t empo o f  s peech hardly 
had any e ffect : the extra acoustic-phonetic i nf ormation i n  the slower 
tempo segments was c ompensated for by more linguistic information i n  the 
fast t empo speech . This e ff ect could n o t  be e xplained by the length o f  
the segment a s  s uch : resynthesized segments that were s tretched i n  time 
without shifting the speech frequencies did not result i n  better i n tel
l i g i bi l i t y . Another d emonstration o f  this interaction b etween l i nguistic 
and acoustic-phonet i c  i n f orma t i o n  is given b y  Ringeling ( 1984). He dem
onstrated that the f inal c onsonant i s  i denti fied much better i n  mean
ingful eve wor d s  than i n  their ( minimally d i fferent ) nonsense e q u i val
ent s .  

3 .  METHODS OF INVESTIGATION : SOME SUGGESTIONS 

There i s  a rich variety o f  e xperimental methods in phonetic s .  I n  this 
section some method s  wil l  be sugges t e d  that seem suited t o  s tudy the 
effects of the local c ontext on the inter preta t ion of aco u s ti c-phonetic 
informatio n .  

The main o b jective o f  t h e  ZWO project mentioned in t h e  i nt roduction i s  
to i n vestigate · whether s peech segments presented i n  i solation will be 
identifie d  less accurately than the same s e gment s  presented in a broader 
acoustic-phoneti� c ontext . More prec i se l y , the objec t i ve o f  the p roject 
is to evaluat e · the ef fect of physical a spects o f  the local context on 
the interpre'tation of acousti c-phonetic i n formation . This has implica
t ions f dr the s i ze of the segments to be used in relevant experime nt s . 
In s poken word recogn i t ion l i s t eners use i nformation f rom a l l  avai lable 
sources : pragmatic , semantic/lexica l , syntact i c , and acoustic-phonetic 
informa tion . In order to confine the recognition process t o  acoust i c
phonetic information nonsense wor d s  o r  nonsense syllables (8) should be 
u se d , and this should a l so be s t ressed i n  the i nstructions to the s ub
j ec t s .  The s i ze of the segments should not be t o o  large , s i nce larger 
segments mi ght contai n  e nough i ntrinsic informa tion to render t h e  
acousttc:..phonetic infor mation u nambiguous ( see Verbrugge and Shank� 
wei l�r , 1977 ; Johnson and Strang e , 1982). These restrictions seem to 
suggest the use o f  meaningless s e gments of the VCV ; CVC , CV , and VC 
f orm . 
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The same sort of general remarks can be made c oncerning the context in 
which t he test segments are to be presented . This context must in some 
way present a referential f ramewor.k to which the acoustic information of 
the test s egment can be referred ; this context should however not s pec
ify the identity of the test segment by means o f  pragmatic , semantic/ 
lexical , or syntactic information .  

The effect o f  context c a n  be investigated at the word/syllable level , 
and at the sentence level . At the syllable/word level i t  is  possible to  
present the  tes t  segments preceded by a precursor of only a few syl
lables . One variable i n  this setup might be the presence or absence of 
the target phoneme o f  the test segment in the precursor . Another possi
bility  is the pr�sentation of the test segment in a broader context o f  
the original utterance i n  order to  establish perceptual continuity .  
Although this might have more effect on the i dentification o f  the test 
segment than presenting it after .a precursor of syllables or words ( see 
Dechovitz , Rakerd and Verbrugge , 1 980) , this method has one severe 
drawback :  extending the context of a test segment introduces quite o ften 
semantical/lexical cues to  the identity of  the segment . In studying the 
effects of the local acoustic-phonetic  c ontext at the sentence level it 
is  f easable to present test segments preceded by a full sentence pre
cursor . Again i t  can be argued that the perceived discontinuity between 
the precursor sentence and the test segment attenuates possible e ffects . 
The perceptual continuity can be maintained by  presenting the test 
segment i n  its original sentence frame , that i s  the sentence frame in 
which it was produced . In  this case it i s  necessary that the semantic 
content of the sentence is neutralized . This can be accomplished by 
embedding the test segment in a neutral carrier sentence ( see for in
stance Johnson and Strange ( 1982) ; they presented tVt segments in the 
following carrier sentence :  'Was it the ·tVt sound that you heard ? ' ) . 
Another approach ,  that avoid s  the possible habituation effects o f  the 
repeated presentation of the same carrier sentence is the presentation 
of the test segment in the partially masked original sentence frame . 
This masking should inhibit  the semantic information , but retain at 
least some of the long-term and short-term physical characteristics of 
the c ontext . An effective masking noise would probably be a s peech
envelope following noise as described by Horii ,  House , and Hughes 
( 1970) . 

An interesting paradigm from the word recognition d omain is  introduced 
by Grosjean ( 1980) : 1 1  Our paradigm - the gating paradigm - entails 
presenting a spoken language stimulus repeatedly and increasing its 
presentation time ( duration f rom onset)  at each s uccessive pass .  De
pending on t he questions at hand a nd the level o f  analysis , the s timulus 
can range from a simple CV syllable  to a complex sentence and the 
presentation time (or  gate) can also be made t o  vary .  The subject s ' s  
task i s  to guess the stimulus being presented after each pass and to 
give a confidence rating based on the guess . "  (Grosjean , 1 980 , p . 267) . 
Grosjean used his technique to compare the word recognition process with 
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gated nouns that were presented i n  isolation or i n  a context ( 9 ) . Thi s  
use suggests that this task might a l so be a p romising o n e  f o r  s t udying 
the e f fects of the loca l acoustic-phonetic context o n  phonetic i dent i f  i
cati o n .  Apart f :r om the gati ng time. nee ded f o r  correct i denti f ication , 
this task a l so g i ves a set of incor rect res ponses and a corresponding 
s e t  o f  confidence ratings , that can b e  compared for the gated segmen ts 
presented i n  i solat ion t o  the gated segments i n  a context . 

Salasoo a n d  Pisoni ( 1 98 2 )  e x tended this gating para d i gm .  I n  their 
procedure a ll content words in a sentence were replaced b y  envelope-
f o l l owing noise ; in s uccessi ve presenta tions of these sentences segments 
of this noise wer e  r e placed by s e gments ( ga t es ) of the original word . 
They a l so varied g a t i ng d irection and redundanc y .  Words could e i ther be 
presented in isolation 1 embedded i n  a semantic a nomalous , s yntactic 
context ( i . e .  ' The end home held the press ' )  or embedded in a 
mean i ng ful ( semanti c )  contex t . The authors were primari l y  i nterested in 
the d i fferences between the uses of knowledge-sources i n  t he s yntactic 
and the semantic conte x t .  The d i f ference be tween the performance in the 
isolated versus the s yn tactic context c o ndition - reflecti ng the 
combined e f fects of syntactic and acoustic-ph onetic information - is 
hard l y  mentioned . S t i l l  it shou l d  be noted that s ome 82% of the word
length i s  needed t o  i de nti fy wor d s  i� isolation , whereas this f igure i s  
reduced t o  72% i n  the s yntactic contex t . What i s  needed i s  a task to 
separate the syntactic f r om the acoust ic-phonetic e ffec t s . Again ,  this 
seems to s uggest the use o f  nonse nse words ,  perha ps in a c ontext o f  
nonsense word s .  Salasoo and Pisani a lso i nves t i gated the sequential 
nat ure o f  the g a ting para digm . They hypothesized that this nature could 
possi bly i nf luence the recognition process in a number o f  way s :  the 
repeated presentation of parts of the st imulus might f ac i l i tate tbe 
recognition ;  on the o ther hand t he pre viously g i ven ( er ro neous ) re
sponses may have i nf l uences on later occurring responses . To thi s  end 
they varied the g a t i ng d uration a l so between subjects .  Mos t  within
subjects e f f ects were repl icated i n  the b etween-subjects design . In the 
syntactic c ontext however , the ident i f icat i on threshold ( the gate 
dura ti o n  a t  which 50% o f  the s ubjects correctly i denti f i e d  the gated 
wor d )  was l ower in the s i ngle presentation ( between-subjects) c o ndition : 
" The accumulation o f  c o nfl icting top d own semantic a n d  s yntactic 
information with successive r epetitions a ppear to c o nstrain the use of 
word-initial acoustic-phonetic informat i o n . "  ( Salasoo a n d  Pisoni , 1982 , 
p .  134) • •  

In a p r e l iminar y p i lot experiment phoneme i d enti fication was i nvest i
ga t e d  f o r  various segments excerpted from a read tPxt . The smallest 
segments were o f  t he type eve and vc!1'v , i n  which en stands fer a c l us ter 
o f  n consona nt s .  S e gment s were s e lected within words as well as o ver 
wordboundar ies . Lar ger s e gments had the structure VC''vcrriv , whereas also 
word groups were presented . Nine subjects were asked t o  wri te d own 
exactly what they hea r d  by using orthogra phic s pell ing . A l though the 
vowe l s  and c o nsonants were indee d  b e t ter identi fied i n  the l onger s e g
ments than in the sho r t  ones , this e xperimental paradigm h a d  several 
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d rawbacks : i t  was not always possible t o  d e f i ne the stimulus uniquely , 
because i n  continuous speech not every phoneme i s  wel l  articulated .  Also 
the interpretation o f  the r e s ponses of the l i s teners caused many prob
l ems because writ i ng habits i nterfered with writing down what was heard 
exac tly . For i ns tance a VCV segment /o�d/ f rom ' he t  horen van ' should be 
scored as ' ooru ' , but many s ubjects wro t e  1 oru ' or ' ore ' . Some of these 
pro blems can be avoi ded b y  using trained subjects and phonetic s ymbols .  
Several alternat i ve approaches are suggested above . 
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Notes 

( l )  This is a controversial i ssue . Some authors doubt about the status 
of phonemes as the natural response categor y :  Nooteboom ( 1981 )  for 
instance argues that spoken word-recognition is not med iated by 
phonemes t but �hat instead phoneme-recognition i s  usually mediated by 
the recognition of  words. 

( 2 )  See for instance Lieberman ( 1 963 ) . He had speakers produce a set o f  
wor ds i n  a highly redundant context : the same set o f  words was also 
produced i n  a non-redundant context . Both sets of  rapidly spoken words , 
excised from their sentence frames and embedded in a broadband noise , 
were presented to subjects for i d entificatio n . The words that were 
produced in a non-redundant context were i denti fied more accurately than 
their equivalents produced in a redundant environment . 

( 3) Apart from being cues to certain pairs of phonemes the transitions 
seem to play an important part in  preventing the speech stream to 
segregate in a vowel-stream and a consonant noise-stream , and in 
retaining the perception of t he correct temporal order of  the phonemes 
(Cole and Scott ,  1974 ; Bregman and Dannenbring , 1973) . 

( 4 )  In a study of Sharf and Hemeyer ( 1972 )  i t  was found that VC segments 
contained more information concerning t he place of articulation o f  the 
adjacent consonant than their corresponding CV segments .  

( 5 )  A t  this point i t  doesn ' t  matter whether these effects have an 
articulatory basis or not ; fact is  that they are perceptually present . 

(6) Most vowels can be identi fied o n  the basis of the f irst two 
formants .  A convenient way of representing a speaker ' s  vowel s pace is 
the representation of this speaker f s vowels in the Fl - F2 plane . 

( 7 )  Weenink , D.J.M.  ( 1985 ) . Unpublished data . 

( 8 )  More formally , the segments to be used should have no  lexical 
entries in the nati ve language of the l istener . 

( 9 )  In  this experiment Grosjean ( 1 980) validated his procedure b y  
replicating some well known word recognition e ffects . He also falsified 
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the assumption o f  the Marslen-Wilson wor d r ecognition model 
(Marslen-Wilson , 1980 ; 1981 )  by d emonstra ti ng that the so called 
word-initial cohort is not entirely based on acoustic-phonetic 
information . 

· 
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