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Abstract 
Although word stress is usually seen as a powerful speech-
segmentation cue, the results of several cross-modal fragment 
priming experiments reveal strong limitations to stress-based 
segmentation. When stress was pitted against phonotactic and 
coarticulatory cues, substantial effects of the latter two cues 
were found, but there was no evidence for stress-based 
segmentation. However, when the stimuli were presented in a 
background of noise, the pattern of results reversed: Strong 
syllables generated more priming than weak ones, regardless 
of coarticulation and phonotactics. Furthermore, a similar 
dependency was found between stress and lexicality. Priming 
was stronger when the prime was preceded by a real than a 
nonsense word, regardless of the stress pattern of the prime. 
Yet, again, a reversal in cue dominance was oberved when the 
stimuli were played in noise. These results underscore the 
secondary role of stress-based segmentation in clear speech, 
and its efficiency in impoverished listening conditions. More 
generally, they call for an integrated, hierarchical, and signal-
contingent approach to speech segmentation. 

1. Introduction 
A key concept in spoken-word recognition is segmentation, 
that is, the identification of word boundaries in fluent speech. 
A clear consensus on how segmentation is actually carried out 
has, however, not yet been reached. On the one hand, 
segmentation is described as a necessary step allowing lexical 
access to be initiated in appropriate locations. Here, 
segmentation takes place explicitly, based on sub-lexical cues 
such as word stress [1], phonotactic regularities [2, 3], and 
coarticulatory/acoustic distinctions [4-6]. On the other hand, 
some models posit segmentation as an implicit consequence of 
word recognition [7, 8]. Here, it is the identification of 
individual words that allows word boundaries to be located. 
While implicit segmentation does not require the intervention 
of separate segmentation mechanisms, it postulates multiple 
activation as a way of achieving successful lexical access. 
     Both approaches have limitations. Explicit segmentation 
usually fails to account for lexical influences on segmentation, 
and it can rarely deal with conflicting or incorrect 
segmentation cues. Likewise, implicit segmentation fails to 
take advantage of statistical regularities about word 
boundaries, and hence, produces a great deal of superfluous 
lexical activity. It also proves inefficient in cases of 
ambiguous lexical solutions (e.g., "grey chip" vs. "great 
ship"). Models that have tried to reconcile the two positions 
are scarce. The most successful attempt merges explicit stress-
based segmentation and multiple lexical activation by favoring 
stress-initial candidates in the competition process [9]. Yet, 
even the most conciliatory approaches fail to make clear 
predictions as to how segmentation cues compare to each 
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 And even less is known about how such a potential 
rchy" of cues is affected by signal degradation, a proxy 
or listening conditions. 

 hierarchical approach to segmentation 

entral claim of the present approach is that there are 
of precedence governing which segmentation strategies 
sed by default and which are used secondarily when 
retive conditions are poor. The interpretive conditions of 
en utterance refer to the quality and quantity of all the 
s of information that can possibly contribute to the 

rehension of the utterance, from sentential context, to 
knowledge, to sound quality. Specifically, in optimal 
retive conditions (i.e., richly contextualised and 
gible listening conditions), we claim that speech 
ntation is achieved implicitly, driven by prior word 

nition. Implicit segmentation still dominates with poor 
tual information, as long as word boundaries can be 
d from lexical knowledge. 
this account, explicit segmentation cues such as 

tactic regularities and coarticulatory/acoustic 
ctions are only called upon when neither contextual nor 
l cues are available, but the speech signal is 
tically/phonetically intelligible. Finally, word stress, 
by strong syllables are interpreted as word onsets [1], is 
hen all other explicit cues fail, either because they are 

rmative or because segmental intelligibility is poor. 
cause this approach is based on a hierarchical weighting 
mentation strategies, it makes clear predictions as to 
 cues override which other cues as a function of the 
retive conditions of the speech signal. Such predictions 
e tested by pitting cues against each other, and by 
ing the ensuing patterns of segmentation dominance. 

he present experiments 

tudy tests a critical prediction of the hierarchical model, 
y that the contribution of word stress to segmentation is 
al when (a) other explicit segmentation cues are present, 

(b) lexical information allows segmentation to be 
ed implicitly, based on word recognition. In contrast, 
stress is expected to be efficient when the reliability of 
ove cues is impoverished by signal degradation.   
e experiments below relied on a cross-modal fragment 
g paradigm. The auditory primes were either strong-
(e.g., /'k√st´/, from "customer") or weak-strong (e.g., 
/, from "cathedral"), and the dependent variable was 
l-decision latency to a subsequent visual word (e.g., 
mer" or "cathedral"). In the test trials, the primes were 
ded at the end of polysyllabic utterances. The sequence 
ing the prime favored or disfavored segmentation of the 

 owing to phonotactic cues (Experiment 1), 



coarticulatory cues (Experiment 2), and lexical information 
(Experiment 3). All three experiments were run with the 
speech signal either intact or degraded by white noise.  

2. Empirical evidence 

2.1. EXPERIMENT 1: Stress versus phonotactics 

In this experiment, it is expected that phonotactically-driven 
segmentation will result in greater priming from primes whose 
onset forms a low- rather than high-frequency biphone with 
the preceding segments, relative to a common baseline. In 
contrast, stress-based segmentation should result in greater 
priming from strong-weak than weak-strong primes. 
Specifically, the conditions featuring a conflict between cues 
(i.e., stress[+]/phonotactics[-] and stress[-]/phonotactics[+]) 
will be critical in establishing cue dominance. 

2.1.1. Participants 

The participants in all three experiments were native British-
English undergraduate students from the University of Bristol. 
They received course credit or a small honorarium for their 
participation. They reported no known hearing problems. The 
69 participants in Experiment 1 were randomly assigned to an 
Intact (N = 34) or Noise (N = 35) condition.  

2.1.2. Materials 

The test primes were the first two syllables of trisyllabic 
stress-initial words (15 SW primes, e.g., /'k√st´/, from 
"customer") and stress-non-initial words (15 WS primes, 
/k´'Ti/, from "cathedral"). These primes occurred at the end of 
multisyllabic utterances, e.g., /'besIwom'k√st´/ (see Table 1). 
The sequence preceding the prime, referred to as "context" 
(e.g., /'besIwom/), was a bisyllabic or trisyllabic nonword 
with a stress pattern varying from trial to trial. The last 
phoneme of the context and the first phoneme of the prime 
made up a biphone that was, phonotactically, either low-
frequency or high-frequency within English words (based on 
Celex estimates). The biphones were (low/high): mk/Nk, 
mt/nt, Zp/sp, mg/Ng. The context and the prime of an 
utterance were produced in a connected fashion, with all the 
syllables fully coarticulated to each other. In addition, a 
scrambled-speech utterance was created to serve as a baseline 
for all priming estimates. This baseline utterance, which 
consisted of several superimposed utterances, had no 
identifiable segmental or suprasegmental characteristics. 
 
 SW prime 

Targ: "customer" 
WS prime 

Targ: "cathedral" 
Low-frequ. biphone /'besIwom'k√st´/ /'besIwomk´'Ti/ 
High-frequ. biphone /'besIwoN'k√st´/ /'besIwoNk´'Ti/ 
Baseline  ░░░░░░░░░░░ ░░░░░░░░░░░ 
Table 1: Example of test utterances in Experiment 1. 

2.1.3. Design and Procedure 

Each of the 180 test utterances (30 primes [15 SW, 15 WS] x 
3 phonotactic contexts [low-frequ, high-frequ, baseline] x 2 
control context lengths [bisyllabic, trisyllabic]) was followed 
by the actual target word or by a nonword, thus yielding 360 
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tic format or in a background of white noise (S/R ratio = 
 at an average 70 dB SPL.  
rticipants were told that, on each trial, a speech fragment 
 be played over headphones and a string of letters would 
r on a computer monitor after playback. They were 
cted to decide whether the letter string was a word or not 
a two-button response box. Both speed and accuracy 

emphasized.  
ere was a 100-ms interval between the offset of an 
nce and the visual stimulus. Participants had 4 s, 
red from the onset of the presentation of the visual 

lus, to give their response. At the end of the 4 s, or upon 
g a button, a 1.5-s pause was allowed before the onset 

 next utterance.  

 Results and Discussion 

al decision latencies were measured from the onset of 
sual stimuli. Incorrect responses and correct responses 
tandard deviations from the mean (computed separately 
ch participant) were discarded. Priming effects (Figure 
re calculated as the difference between the lexical-

on latency to a stimulus in the baseline condition and the 
y to the same stimulus in a test condition. 

Noise

-10

10

30

50

70

90

Low-Frequ. High-Frequ.

Phonotactics

SW
WS

Intact

Low-Frequ. High-Frequ.

Phonotactics

SW
WS

e 1: Priming effects for SW and WS primes in 
tactically favorable and unfavorable conditions.  

e priming results show that segmentation of the prime is 
ated by phonotactic information in the intact condition 
y stress information in the noise condition. There is no 
ce that stress is relied upon in clear speech and, 

rsely, no evidence that phonotactics are relied upon in 
 An Anova revealed an interaction between stress and 
ng condition, F1(1,67) = 11.06, p < .005; F2(1,28) = 
p < .05, and between phonotactics and listening 

tion by subjects, F1(1,67) = 5.37, p < .05 [F2(1,28) = 
p = .16]. An Anova focusing on the intact condition 
d a phonotactic effect, F1(1,33) = 17.71, p < .001; 
8) = 11.99, p < .005, but no stress effect nor interaction, 
3) < 1; F2(1,28) < 1, in both cases. An Anova focusing 
e noise condition showed a stress effect, F1(1,34) = 
, p < .001; F2(1,28) = 7.29, p = .01, but no phonotactic 
 nor interaction, F1(1,34) < 1; F2(1,28) < 1, in both cases. 
e results indicate that, although both cues are present in 
ntact condition, only phonotactic probabilities are 
ited in segmenting the primes from the utterances. The 
nces had to be segmentally impoverished for a stress 
 to arise. Here, phonotactic details were obviously 
orated and no phonotactic effect was observed. This 
iment suggests that segmental cues such as phonotactic 
rities outweigh stress-based segmentation when the 



signal is acousticall/phonetically clear. This hierarchy reverses 
in impoverished listening conditions. 

2.2. EXPERIMENT 2: Stress versus coarticulation 

This experiment is similar to Experiment 1, except that stress  
is now pitted against coarticulatory cues. Given that the 
degree of coarticulation between syllables has been shown to 
depend on their position relative to word boundaries [10], it is 
hypothesized that a lack of coarticulation at the onset of the 
primes will encourage segmentation, and hence, increase 
priming. How this effect interacts with the stress pattern of the 
primes will indicate how coarticulation and stress compete for 
segmentation.  

2.2.1. Participants and Materials 

Sixty-one participants were randomly assigned to the Intact (N 
= 30) or Noise (N = 31) condition.  
     The structure of this experiment was similar to that of 
Experiment 1. Only differences are reported. Twenty SW 
primes (e.g., /'mær´/, from "marathon") and 20 WS primes 
(e.g., /m´'tI/ from "material") were either un-coarticulated, 
i.e., concatenated, or coarticulated to the end of a nonsense 
bisyllabic context. To balance overall coarticulation across the 
two conditions, a decoarticulation point occurred in the 
context of the un-coarticulated condition (see Table 2). Thus, 
the coarticulatory cues in the utterances either favored or 
disfavored segmentation of the prime's onset. As before, a 
scrambled-speech utterance provided the baseline for priming 
measurements. 
 
 SW prime 

Targ: "marathon" 
WS prime 

Targ: "material" 
No coarticulation /'rev´-'mær´/ /'rædI-m´'tI/ 
Coarticulation /'re-v´'mær´/ /'ræ-dIm´'tI/ 
Baseline ░░░░░░░░░░░ ░░░░░░░░░░░ 
Table 2: Example of test utterances in Experiment 2.  
              Decoarticulated points are represented by dashes (-). 

2.2.2. Design and Procedure 

Each of the 120 test utterances (40 primes [20 SW, 20 WS] x 
3 coarticulatory contexts [no-coarticulation, coarticulation, 
baseline]) was followed by the actual target word and by a 
nonword, thus yielding 240 trials in all. De-coarticulation was 
achieved through digital concatenation of two fragments 
recorded in isolation (e.g., /'re/-/v´'mær´/ vs. /'rev´/-/'mær´/). 
All utterances were played either in their intact format or in 
noise. 

2.2.3. Results and Discussion 

The priming results were similar to those of Experiment 1 (see 
Figure 2). In particular, segmentation of the prime was 
facilitated by coarticulatory information in the intact 
condition, and by stress information in the noise condition. 
Stress was apparently not relied upon when speech was intact 
and, conversely, coarticulation was not relied upon when 
speech was played in noise. 
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e 2: Priming effects for SW and WS primes in 
culatorily favorable and unfavorable conditions.  

n Anova revealed an interaction between stress and 
ng condition, F1(1,59) = 8.87, p = .005; F2(1,38) = 7.34, 
1, and between coarticulation and listening condition, 
9) = 10.01, p < .005; F2(1,38) = 10.99, p < .005. An 
a focusing on the intact condition showed an effect of 
culation, F1(1,29) = 15.28, p < .001; F2(1,38) = 12.03, p 
1, but no stress effect nor interaction, F1(1,29) < 1; 
8) < 1, in both cases. An Anova focusing on the noise 
tion showed a stress effect, F1(1,30) = 12.55, p < .001; 
8) = 7.21, p = .01, but no effect of coarticulation nor an 
ction, F1(1,30) < 1; F2(1,38) < 1, in both cases. 
ese results show a striking parallel with those of 
iment 1 in that stress was, once again, outweighed by 
lternative cue when speech was intact. Stress-based 
ntation only emerged in impoverished acoustic/phonetic 

tions. Thus, stress appears to be a secondary cue not only 
notactics, but also to coarticulatory information. 

XPERIMENT 3: Stress versus lexicality 

proach to speech segmentation in terms of hierarchical 
aints ought to test the relative success of explicit versus 
it segmentation cues. If the presence of lexical 
ation in the signal allows to disambiguate 
ntation—i.e., it is achieved implicitly—then it is 
ted that such information will outweigh any explicit 
such as stress, when they are in conflict. In other words,  
g of a stress-non-initial word (e.g., "victorian") in a 

l context (e.g., /dI'pArtS´vIk'tç/, "departure·victo") 
 be greater than priming of a stress-initial word (e.g., 
tile") in a non-lexical context (e.g., /´'reIm´s'vŒrs´/, 
ous·versa"). 

 Participants and Materials 

eight participants were randomly assigned to the Intact 
4) or Noise (N = 34) condition.  
teen SW primes (e.g., /'vŒrs´/, from "versatile") and 15 
primes (e.g., /vIk'tç/, from "victorian") were 

culated to the end of a word or a nonword context. The 
t was  bisyllabic or trisyllabic and had a stress pattern 
g from trial to trial. As before, a scrambled-speech 

nce provided the baseline for priming measurements (see 
 3). 

SW prime 
Targ: "versatile" 

WS prime 
Targ: "victorian" 

 cntxt /I'nçrm´s'vŒrs´/ /dI'pArtS´vIk'tç/ 
ord cntxt /´'reIm´s'vŒrs´/ /kI'rAntS´vIk'tç/ 
ine  ░░░░░░░░░░░ ░░░░░░░░░░░ 
 3: Example of test utterances in Experiment 3. 



2.3.2. Design and Procedure 

Each of the 180 test utterances (30 primes [15 SW, 15 WS] x 
3 lexical contexts [word, nonword, baseline] x 2 context 
lengths [bisyllabic, trisyllabic]) was followed by the target 
word or by a nonword, thus yielding 360 trials in all. All 
utterances were played either in their intact format or in noise.  

2.3.3. Results and Discussion 

Priming effects showed that segmentation in clear speech was 
facilitated by lexical information regardless of the stress 
pattern of the prime. However, lexicality had no effect in the 
noise condition, but there was evidence for stress-based 
segmentation.  

Noise
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     Figure 3: Priming effects for SW and WS primes in lexical 
and non-lexical contexts.  
 
     An Anova showed an interaction between stress and 
listening condition, F1(1,66) = 5.22, p < .05; F2(1,28) = 6.29, p 
< .05, and between lexicality and listening condition, F1(1,66) 
= 15.87, p < .001; F2(1,28) = 11.13, p < .005. An Anova 
focusing on the intact condition revealed an effect of 
lexicality, F1(1,33) = 20.79, p < .001; F2(1,28) = 16.43, p < 
.001, but no stress effect nor interaction, F1(1,33) < 1; F2(1,28) 
< 1, in both cases. An Anova focusing on the noise condition 
showed a stress effect, F1(1,33) = 11.01, p < .005; F2(1,28) = 
8.86, p < .01, but no effect of coarticulation nor an interaction, 
F1(1,33) < 1; F2(1,28) < 1, in both cases. 
     Thus, when lexicality and stress were pitted against each 
other in clear speech, lexicality facilitated segmentation, but 
stress did not. In contrast, acoustic degradation impeded 
implicit segmentation, hence allowing stress-based 
segmentation to operate. 

3. Conclusion 
     These experiments concerned the debate between cue-
based (explicit) and lexically-based (implicit) speech 
segmentation, and, in particular, the effectiveness of stress 
relative to phonotactics, coarticulation, and lexical knowledge. 
It was found that stress-based segmentation was outweighed 
by both (a) competing explicit cues (phonotactics and 
coarticulation) and (b) lexical information. However, this 
pattern held in clear-speech conditions only, that is, when all 
cues were available optimally. When signal intelligibility was 
reduced by playing speech in noise, stress emerged as the one 
and only viable segmentation mechanism. Thus, contrary to 
earlier claims [11], the predominance of stress seems to be 
restricted to listening conditions in which few other 
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ntation cues are available. We therefore see stress as a 
sort segmentation strategy (see also [12]). 
ese results highlight the need to study speech 
ntation as an integrated phenomenon, in which 
ntation power is not equally distributed between 
usly-documented cues. Instead, cues are hierarchically 

ized, and the hierarchy can be altered as a function of the 
ity and quality of lexical, segmental, and acoustic 
ation available in the signal.  
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