
A
v
r

H
E
F
u

0

Journal of Memory and Language43, 618–639 (2000)
doi:10.1006/jmla.2000.2718, available online at http://www.idealibrary.com on
Where Is the /b/ in “absurde” [apsyrd]? It Is in French Listeners’ Minds

Pierre A. Hallé, Céline Chéreau, and Juan Segui

Laboratoire de Psychologie Expe´rimentale, CNRS-Paris V, Paris, France

In French words such as “absurde” (“bs/bt” words), the underlying linguistic code /b/ corresponds
both to the spelling “b” and to the morphophonemic code {ab-}1 {surd}. Yet, because of voice
assimilation, the phonetic-acoustic and perceptual realization of the labial stop is [p] not [b]. In a
phoneme monitoring task, listeners detected /b/ more often but more slowly than /p/ in “bs/bt” words.
A phonemic gating task revealed the time course of phonetic judgments. The /b/ responses gradually
increased and eventually overcame the initially dominant /p/ responses before words were identified,
as a classic word-guessing gating task showed. A further phoneme monitoring task with nonwords
that mimicked the “bs/bt” words confirmed that the linguistic code inducing /b/ responses built up
prelexically. We propose that this code is lexically mediated by a cohort of words sharing the graphic
code “b.” Alternatively, it could be conveyed by prefixes identified on-line, such as {ab-} in
“absurde.” © 2000 Academic Press
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Much evidence has accumulated that pe
tend to hear what the structure of their langua
together with the contextual situation, tells th
they “should” hear rather than exactly
sounds that are physically present in the sp
signal. Surface form variation is generally
commodated by listeners so that meanin
utterances are heard. For instance, as Mar
Wilson (1999) wrote: “The sequence [hæm
the context ‘Hand me the book’ is successf
interpreted as a token ofhand and not ham,
despite clear phonetic evidence to the contra
Phonemic restoration is another striking ex
ple of hearing what we should hear in spite
the physical evidence: Missing portions of
speech signal, roughly corresponding to p

This work was completed at the University of Paris V
the Laboratoire de Psychologie Expe´rimentale (LPE), Cen
tre National de Recherche Scientifique (CNRS). We th
Denis Lancelin for running many participants. We are gr
ful to Bénédicte de Boysson-Bardies, Catherine Best,

ndrea Levitt for their constructive discussions of an ea
ersion of this article, to Lee Wurm, and to two anonym
eviewers for their helpful comments and suggestions.

Address correspondence and reprint requests to Pie
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nemes, are automatically “restored” in a w
or a sentence context (Samuel, 1987, 1
Warren, 1971). One remarkable aspect of
phenomenon is that listeners do not even no
that a speech segment has been remove
replaced and apparently reconstruct it on the
Similarly, even if cross-splicing of speech c
ates an impossible sequence of articulatory
tures, listeners readily interpret the cro
spliced speech sequences and appear insen
to the manipulation (Marlsen-Wilson & Wa
ren, 1994; Streeter & Nigro, 1979; Whale
1984, 1991). Likewise, illegal phoneme
quences are sometimes restored or “ass
lated” to legal sequences (e.g., /dla/ heard
/gla/), even in the absence of semantic or lex
information (Hallé, Segui, Frauenfelder,
Meunier, 1998). Such phenomena suggest
several sources of knowledge, superordina
the objective stimulation, can strongly influen
the interpretation of speech utterances or so
categorization and can supersede incompa
physical evidence.

Orthography is one kind of abstract kno
edge that could interfere with the phonetic
ality of speech sounds. Of course, this co
only happen for listeners who have acquire
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619HEARING /b/ IN “ABSURDE”
writing system in which graphic and phonolo
ical representations are related in some way
many studies using metalinguistic tasks h
shown, knowledge of sound-spelling relatio
in an alphabetic writing system, starting w
learning the names of letters, is not indepen
of how speech sounds are analyzed by lite
listeners (Treiman, 1985; Treiman, Tincoff,
Richmond-Welty, 1996). Rather, alphabe
knowledge seems to radically alter the way
teners analyze speech into sounds, presum
by providing them with an abstract model
analyzing speech sounds (Olson, 1996). C
dren who have just started learning to read
only roughly know the spoken names of lett
are no longer able to separate sound and s
ing (Treiman & Cassar, 1997). As children
come more fluent readers/writers, the influe
of orthographic knowledge on speech proc
ing in metalinguistic tasks (such as count
sounds in words) increases (Ehri & Wilc
1980; Landerl, Frith, & Wimmer, 199
Treiman & Cassar, 1997; Zecker, 1991).

Only a few studies have addressed the i
of the on-line effects of orthography on spe
processing. However, such effects have con
tently been found. Some studies have sh
that orthographic inconsistency or mismatch
tween orthography and phonology can ham
phonological processing. For example, list
ers’ performance in auditory rime monitoring
rime judgment tasks is affected by the grap
code, although these tasks require, in princ
only a phonetic judgment (Donnenwerth-Nol
Tanenhaus, & Seidenberg, 1981; Seidenbe
Tanenhaus, 1979). It is easier and faster to
cide that “pie” and “tie” rhyme than that “pie
and “rye” rhyme. [That the graphic code
activated during auditory presentation is a
supported by studies using the Stroop ef
paradigm with auditory primes (Tanenha
Flanigan, & Seidenberg, 1980).] Conflicti
spelling and pronunciation have been explo
by Taft and Hambly (1985) in a different wa
They used syllable monitoring in words with
unstressed first or second syllable, hence w
reduced vowel in that syllable. Target syllab
with a full vowel were “incorrectly” detected
s
e
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these words provided that the full vowel
question was consistent with the spelling of
reduced vowel. For instance, /m«t/ was detecte
in “metallic” but /mɔt/ was not. Taft and Ham
bly attributed this effect to an orthograp
rather than to a morphophonemic code, arg
that, for example, /læg/ was detected in
goon,” which has no underlying morphopho
mic code such as /lægun/. Their conclus
however, overlooked the well-known overg
eralization behaviors common in langua
learning and use, while perhaps overestima
listeners’ knowledge of words’ morphologic
composition. Orthographic mismatches
tween target and probe may also slow phon
detection. The detection of phonemes that h
a strongly dominant spelling in a given la
guage can be hampered significantly when
actual spelling deviates from the domin
spelling (Dijkstra, Fieuws, & Roelofs, 1995
For example, in Dutch, /k/ is usually spel
“k,” and sometimes “c.” Dijkstra et al. foun
that the latter spelling induced a slower de
tion of /k/. The slower response to /k/ spel
“c” was clear only for words for which lexic
access had presumably taken place bec
their uniqueness point preceded the /k/ (e
“replica” vs “paprika”), but was not clear fo
other cases (e.g., “cabaret” vs “kabouter”). T
effect was thus considered as mediated by
ical access.

Other studies have focused on the facilita
that congruent and/or consistent orthogra
could induce in listening tasks. For examp
auditory lexical decision is facilitated by au
tory primes that share both orthography
pronunciation with the target (Jakimik, Cole,
Rudnicky, 1985): “chocolate” does not prim
“chalk” (and “legislate” does not prime “leg”
but “napkin” primes “nap.” When print an
sound are presented in succession, the dete
of, for example, /a/ is facilitated by the pres
tation of “A.” [Symmetrically, prior presenta
tion of audio /a/ facilitates the visual detect
of “A” (Dijkstra, Frauenfelder, & Schreude
1993).] In line with these findings, Frost, Re
and Katz (1988) showed that when prin
words and spoken words masked by amplitu
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620 HALLÉ, CHÉREAU, AND SEGUI
modulated noise are presented simultaneo
the congruence of printed and spoken wo
facilitates the detection of speech in the no
Using a speech–print congruence decision t
Frost and Katz (1989) further showed that
sual or auditory degradation had a less d
mental effect in Serbo-Croatian than in Engl
Because the interaction between orthogra
and phonology must be structurally more co
plex in the case of a deep orthography (Engl
than a shallow one (Serbo-Croatian), it migh
more efficient for degraded stimuli to be rec
ered in the latter case. Thus, print may hel
auditory tasks. In line with this notion, facilit
tory effects of phonology-orthography cons
tency have been found not only in visual lexi
decision (Ziegler, Montant, & Jacobs, 1997)
also in auditory lexical decision (Ziegler & Fe
rand, 1998): Lexical decision is faster for wo
with an orthographically consistent rime.

The literature reviewed suggests that
graphic code of words may affect listene
phonetic interpretations, even in supposedly
line tasks such as phoneme monitoring or a
tory lexical decision. However, given the pa
city of the data gathered so far, certain
issues need further examination. In particula
would be useful to know more about the lo
of these interference effects in lexical acc
Does the orthographic-phonetic interfere
emerge only after words are recognized or d
it emerge before they are recognized? (For
venience, we refer to these lexical loci as p
and prelexical, respectively.) In a more deta
way, how early in the processing does the
thographic code begin to interfere with the b
tom-up phonetic-acoustic information?

The present study was a first step tow
answering these questions. To explore the is
we needed a clear-cut case of conflict betw
the phonetic and the orthographic code.
French, voice assimilation is a ubiquitous p
nological change (Carton, 1974; Grammo
1933; Rigault, 1967). Typically, voiced st
consonants (/b/, /d/, or /g/) become devoi
(/p/, /t/, or /k/) when followed by a voicele
obstruent. For example, “me´decin” (medica
doctor) is pronounced /mets«̃/ due to a schw
y,
s
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deletion and retroactive voice assimilati
Rigault (1967) demonstrated both the acou
and perceptual reality of voice assimilation
such instances. When listeners had to trans
/ets«̃/ excised from /mets«̃/, their judgment
were based on the “sound substance” of
dental stop; that is, [t] not [d]. Rigault al
showed that the “fortis” vs “lenis” distinctio
proposed in earlier studies was not supporte
acoustic and aerodynamic measurements
difference was found between /t/ in “me´decin”
and /t/ in “Hauteserve” (/ots«rv/), contrary to
the earlier description offered by Gramm
(1933) of these /t/s being realized as [d8] (voice-
less “lenis”) and [t] (voiceless “fortis”), respe
tively. In these instances of voice assimilati
then, surface phonology and orthography
incongruent, and interference between the
might be observed. Indeed, Rigault implic
assumed that when presented with whole w
or sentences, listeners would base their pho
judgments on what he called the abstract “
guistic substance” rather than the “sound s
stance” of speech segments. For example
teners would claim to hear /d/ in “me´decin”
because the word’s orthographic code cont
“d.” Note that the /d/ percept in this case, a
perhaps in most similar assimilation cas
could also be mediated by a morphophone
code (“médecin” is morphologically related
“médical,” “médicament,” etc., in which “d” i
pronounced /d/). Whatever the relevant ling
tic code, is there evidence that it interferes w
the phonetic code during word process
tasks? The literature we briefly reviewed s
gests that it should (also see Dupoux & Meh
1992). To our knowledge, however, evidenc
interference between the orthographic (or m
phophonemic) codes and phonetic percep
when subjects listen to such words as “me´de-
cin” has not yet been presented.

The current study was designed to fill t
gap, using both on-line and off-line tasks
explore whether the graphic code can influe
phonetic judgments and how its effect unfo
over time. We used words in which voice
similation alters the pronunciation of a con
nant letter. The conflict thus created betw
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621HEARING /b/ IN “ABSURDE”
the graphic and the phonetic codes could c
ceivably change phonetic judgments. For
stance, the French word “absurde” is p
nounced /apsyrd/, although the canon
pronunciation of “b” is /b/. This word also h
an underlying morphophonemic code /abs
because it contains the prefix {ab-}, ev
though many listeners may not recognize i
such. Thus, for “absurde,” and for most of
stimuli used in the present study, the morp
phonemic code could also interfere with
phonetic code. For the sake of simplicity, ho
ever, we consider the manipulated conflict
one between the orthographic and the phon
codes (keeping in mind that the story may
less simple).

Although Rigault’s (1967) study clearly e
tablished the acoustic and perceptual realit
voice assimilation in various contexts (with
and between words), his work is not wid
known. Therefore, we first attempted to re
cate his findings using new spoken mater
After we confirmed that the labial stop in “a
surde” is indeed [p], not [b], and is perceived
such when extracted from the carrier word,
turn to the issue of primary interest: Do listen
hear a /b/ in words such as “absurde”? Whe
listenersshould hear /p/ rather than /b/ is
different question. Trained phoneticians wo
probably report hearing [p], but hearing /b/
ultimately more helpful to listeners in the n
mal process of word recognition because /b/
better match than /p/ for the linguistic code
“absurde.” Thus, one cannot truly claim t
hearing /p/ is “correct,” whereas hearing /b
not. Both interpretations reflect viable analy
of the speech input that meet different nee
Hearing /p/ requires ignoring the orthograp
code, whereas hearing /b/ reflects a domi
influence of the orthographic code. Howev
before turning to the question of what listen
hear in words such as “absurde,” we must
ascertain that the labial stop in these word
[p] rather than [b].

ACOUSTIC ANALYSES

The stimuli examined here were 16 words
which a labial stop occurred word-medially a
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l
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s
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was spelled with “b” (e.g., “abscisse” and “o
tus”). This stop was followed by either /s/ or
a context which requires voice assimilation.
these words begin with “ab,” “ob,” or “sub
According to word etymology, these initial s
quences were prefixes, with the exception
“absinthe” and “abside.” Nonlinguists, ho
ever, are usually not very aware of this morp
logical composition.1 The 16 critical test word
were matched with 16 control words in wh
/p/ was spelled with “p” (e.g., “epsilon”) an
was thus unambiguously pronounced [p]. Th
two sets of test and control items were matc
on subjective frequency, number of syllab
and phonological structure (such as syllabic
sition of the labial stop; see Appendix A). Th
were chosen from an initial set of 48 wor
matched in frequency according to the “Tre´sor
de la Langue Franc¸aise” (TLF: Imbs, 1971
This initial selection was then narrowed by h
ing 20 participants rate word frequency usin
scale of 1–5. Thirty-two words were retained
that subjective frequency could be as clos
equated as possible between test and co
items as well as between the /s/ and /t/ conte
The number of syllables in the test items ran
from 2 to 4 (mean5 3.1).

All of the speech materials for the acous
analyses and Experiments 1–3 were recorde
a single session by a male native speake
French on a Denon DTR-100P digital au
tape recorder using a Sennheiser MD 44

1 To check this, we presented a list of words to
articipants from the same population as those who p

pated in the main experiments. The list was compose
hree sets of words: 12 of the 16 critical stimuli of Exp
ment 1; 12 words beginning with “ab,” “ob,” or “sub” b
learly not prefixed (e.g., “abeille,” “subit,” and “ob´-
isque”; and 16 clearly prefixed words in the sense t
tem was unbound and was semantically transparent
préhistoire” and “désillusion”). Participants were asked
ate on a scale of 1–5 how confident they were that ea
hese words was prefixed. Words such as “abeille” rece
he lowest score (M 5 1.4, SD 5 0.3), whereas word
uch as “pre´histoire” received the highest score (M 5 4.5,
D 5 0.4). Words such as “absurde” were rated in the

ange of “prefixedness” (M 5 2.2, SD 5 0.7): listeners
wareness of their morphological structure was much l

han for clearly prefixed words,p , .0001, butsomewha
igher than for monomorphemic words,p , .005.
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622 HALLÉ, CHÉREAU, AND SEGUI
microphone. The speech was digitized (16-k
sampling rate and 16-bit resolution) and tra
ferred to computer files.

The first evidence of the voiceless quality
the labial plosive in the “bs” and “bt” items w
provided by a visual inspection of spect
grams. No trace of a voicing murmur befo
release burst could be seen in these items,
trary to other items with unambiguous /b/s (e
“abjurer” /abUyre/) in which voicing was clear
marked by a voicing murmur during the clos
portion of [b]. With respect to this main spect
cue for voicedness, words such as “absurde
not differ from words such as “capsule.”

We then examined further possible cues
voicing. In English, vowels are shorter bef
voiceless than before voiced plosives (Pete
& Lehiste, 1960; Raphael, 1972; Umeda, 19
Symmetrically, closure durations are longer
voiceless than for voiced plosives (Port & R
tunno, 1979; Umeda, 1977). This sort of trad
relation between vowel and consonant dura
also holds in French (O’Shaugnessy, 1981;
jskop, 1979). In the materials used in this stu
test and control words (e.g., “absurde” a
“capsule”) did not differ with respect to eith
duration cue, which again points to [p] in wor
such as “absurde.” The mean duration of
vowel preceding the labial plosive was 76
(SD 5 14.8 ms) for test words (e.g., “ab
urde”) and 75 ms (SD 5 15.1 ms) forcontrol
ords (e.g., “capsule”),t(28) , 1. The closur
uration was 79 ms (SD 5 14.5 ms) fortest
ords and 83 ms (SD 5 9.5 ms) for contro
ords,t(28) , 1. Two control words, “somp

uaire” /sɔ̃pty«r/ and “dompteur” /dɔ̃ptœr/, were
ot included in the measurements. The offse

he nasal vowels preceding the labial plosive
hese words was difficult to determine, proba
ecause in these cases, unlike those with
asal vowels, the velum remains open after
ure for the first plosive is initiated. Had w
aken the first clear evidence of stop closur
he acoustic offset of the vowel, the vowel d
ation would be as long as 150 ms and
losure duration as short as 15 ms (
’Shaugnessy, 1981, for similar observatio
To sum up, the acoustic evidence points
z
-

n-
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d

n
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r

n
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e

f
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e
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[p] rather than to [b] in words such as “a
surde.” It is possible, however, that subtler c
to voicing were present in the materials and
be perceived by listeners. One way to exam
this possibility is to present listeners with p
tions of the critical stimuli that contain the cr
ical labial stop but provide no linguistic cu
that could interfere with listeners’ phone
judgments. This is what Rigault (1967) did
demonstrate that the phonetic realization of
in “médecin” /mets«̃/ was [t] not [d]. In the
ame vein, Halle´ et al. (1998) used aphonemic
ating task to show that listeners heard [t] in
hortest fragments of word-initial /tl/, where
n the following fragments, their judgmen
hifted toward [k] (presumably because pho
actic constraints in French allow initial /kl/ b
ot /tl/). We used the same gating techniqu
xperiment 1, using items that were exci
ortions of the words under scrutiny so t

isteners were not influenced by lexical inf
ation (in particular, orthography) and co

ocus on the sound substance of the labial st

EXPERIMENT 1: PHONEMIC GATING OF
EXCISED PORTIONS OF “ABSURDE”

VERSUS “ABJECT”

Participants were run on a phonemic ga
ask in which the gated items were portio
xcised from entire words, comprising the lab
top and the following context (e.g., [psy
xcised from “absurde”). Items with clea
oiced [b]s, excised from words such as “
iquer” or “abject” were included for compa
on.

ethod

Stimuli and design.Eight test items wer
xcised from eight words (“abscisse,” “a
inthe,” “absurdite´,” “subséquent,” “obtenant,
obtusion,” “subterfuge,” “subtiliser”) that we
epresentative of the set of 16 test words u
or the acoustic analyses. (This limitation w
eant to keep the experiment duration wit

easonable limits.) Eight control items fro
ight new words with the sequence “bj” or “b
ronounced /bU/ or /bd/ respectively (“abject
objectant,” “objurgation,” “subjuguer,” “sub
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623HEARING /b/ IN “ABSURDE”
jectif,” “abdiquer,” “subdésertique,” “subdi
viser”) provided a baseline for the perception
unambiguous /b/s. The test items were der
from the original words by removing the init
portion up to the middle of the closure silen
For the control items, this procedure was so
what complicated by the presence of a voic
murmur before release burst. The initial port
of the entire word was deleted until the poin
maximum spectral stability within the voicin
murmur portion, roughly maintaining the se
ond half of this portion. To avoid a discontin
ity click at stimulus onset, a 20-ms amplitu
ramp was applied to the initial portion of tho
items. For all 16 items, the first fragment,
gate, contained the initial portion of the sig
up to 40 ms after the stop release burst. T
were a total of eight gates, whose duration
creased by 30-ms steps. The final 4 ms of e
fragment was attenuated by a raised co
function so that there were no perceivable c
at gate offset. The eighth and last fragment
included 250 ms of signal after the release bu
This fragment comprised the consonant follo
ing the labial stop (/s/, /U/, /t/, or /d/), the fol-
lowing vowel, and part of the following cons
nant.

The participants received a total of 128 st
uli (16 items 3 8 gates) blocked by duratio
4-s ISI and 8-s IBI). This format of presen
ion was used rather than the more stan
uccessive presentation format in order to a
erseveration effects in participants’ respon
see Walley, Michela, & Wood, 1995).

Procedure.Participants had to write dow
hat they heard as precisely as possible
ive a confidence rating for their transcript
n a scale of 1–5. Importantly, in the phone
ating task, participants are asked to av
uessing words (Halle´ et al., 1998), unlike i

he usual gating task (Grosjean, 1980). The p
emic variant of the gating paradigm should

he phonetic perception of the critical lab
tops and is less likely to be biased by lex
ffects. Moreover, word responses, as obta

n the classic gating paradigm, could not re
n /b/ transcriptions of the initial consonant
ither test or control items, since the /bs/, /
f
d
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d
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/bU/, or /bd/ clusters all are illegal word-in
tially. By contrast, phonemic gating for sh
fragments of either illegal or legal clusters c
tap into a phonetic level of perception, bef
perception is possibly biased by phonotacti
lexical knowledge (Halle´ et al., 1998). Partic
pants were tested individually. After test co
pletion, the experimenter checked the writ
responses. In cases where transcriptions
unclear as to their phonetic value, the exp
menter asked the participant to clarify them

Participants.Fourteen undergraduates at
UniversitéParis V, ages 20–25 years, part
pated in the experiment for course credit. N
of them reported hearing or speaking proble
The data of two additional participants co
not be retained: One failed to keep in time w
item presentation, and the other only produ
lexical responses in spite of the instruction
write transcriptions of the sounds heard ra
than guessing words.

Results and Discussion

The participants’ gating responses were a
lyzed with respect to the consonant reporte
item-initial position: /b/, /p/, or “other.” Figur
1 shows the percentage of the three type
responses according to gate number for the
items (Fig. 1A) and for the control items (F
1B). Consistent with the findings of Blumste
and Stevens (1980) on the perception of v
short portions of plosives, place of articulat
was already identified correctly at the fi
gate—which comprised 40 ms following
lease burst—about 60 to 70% of the time.
the test items, /p/ responses dominated from
first gate onward. The percentages of /p/ an
responses stabilized at the third gate, with 9
or more /p/ responses. The pattern of respo
for control items was roughly symmetrical, w
90% or more /b/ responses from the third g
onward. The gating data were entered in G
(gates 1 to 8)3 Response (/b/ or /p/)3 Item-
type (test or control) by-subject and by-it
ANOVAs. There was a Response3 Item-type
interaction,F1(1, 11)5 775.3,p , 0.0001
F2(1, 14) 5 1139.9, p , .0001, reflecting
the fact that responses were mostly /p/ in the
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624 HALLÉ, CHÉREAU, AND SEGUI
items and mostly /b/ in the control items. T
was significant from the first gate onwa
Moreover, the dominance of /p/ response
test items did not differ from that of /b/ r
sponses in control items,Fs , 1. Gate wa
highly significant, presumably because of
sharp increase of responses in the first few g
for /p/ in the test and /b/ in the control item
However, responses stabilized from Gate 3
ward and did not change after that gate
analyses limited to Gates 3–8 showed.

The results thus showed that listeners h
/p/ rather than /b/ in “absurde,” provided th
the labial stop was presented without lex
context. This was consistent with the acou
measurements, which also suggested tha
sound substance of the labial stop was [p]
words such as “absurde,” however, the or
graphic code for the labial stop is “b,” who
canonical pronunciation is /b/. If this code
terferes with phonetic perception, listen
might hear /b/ rather than /p/ in “absurde.”

FIG. 1. Experiment 1: percentages of /b/, /p/, and “oth
responses according to gate number for (A) test items
or “bt” items) and (B) control items (“bj” or “bd” items).
n

s

-
s

d

l
c
e

-

EXPERIMENT 2: DETECTION OF /b/ VS
/p/ IN “ABSURDE” VS “CAPSULE”

In this experiment, listeners were audito
presented with the test and control words u
in the acoustic analyses (e.g., “absur
/apsyrd/ and “capsule” /kapsyl/). Two con
tions were contrasted. In one condition (w
stimuli such as “absurde”), sound and spel
were incongruent. In the other condition (w
stimuli such as “capsule”), they were congru
If listeners base their decision on the phon
value of the labial stop contained in the stim
they should detect /p/ rather than /b/ in “
surde” as well as in “capsule.” Conversely
listeners are influenced by the spelling, t
should detect /b/ in “absurde” but not in “ca
sule.”

Method

Stimuli and design.The 16 critical test word
and the 16 control words were those used in
preceding acoustic analyses. Their mean
quency, according to the TLF, was 62. Anot
64 words were included, half of which co
tained /b/ and the other half /p/ in word-initial
word-final position (mean TLF frequency 7
Finally, 192 filler items contained neither
nor /p/ (mean TLF frequency 79). The to
number of items was thus 288.

This set of 288 items was split into two t
lists of 144 items, maintaining as much as p
sible in each list the proportions and charac
istics of the various types of items. Target
signment to list (/b/ or /p/) was counterbalan
so that participants heard each item only o
Half of the participants first had to detect /b/
one list then /p/ in the other list. The order
targets was reversed for the remaining par
pants.

A distractor list was constructed for the
target. It contained 24 target-bearing items
initial, medial, and final position and 48 no
target-bearing fillers. This list was inserted
tween the two test lists. Its purpose was to m
less apparent the noncanonical pronunciatio
“b” in the “bs” and “bt” items of the test lists
The two test lists and the distractor list w

”
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625HEARING /b/ IN “ABSURDE”
preceded by a practice list containing 36 ite
12 words bearing the target /t/ in initial, med
or final position, and 24 filler words which d
not bear the /t/ target.

Participants. Sixty participants from th
same population as in Experiment 1 were tes
None of them reported a hearing difficulty o
spoken or written language problem.

Procedure and apparatus.Participants wer
tested individually in a sound-attenuated bo
They were presented with the stimuli
Sennheiser headphones at a comfortable li
ing level with an interstimulus interval of 1.8
(offset to onset). They were told that they wo
have to make a speeded detection respon
target phonemes by depressing a Morse
with their preferred hand. It was emphasi
that the participants’ task was to detect sou
not letters. To explain the difference betwe
sounds and letters, examples were given
illustrated one-to-many orthography–pronun
ation correspondences (e.g., “s” for either /s
/z/: “esprit” /«spri/ or “asile” /azil/) and vic
versa (e.g., /z/ for either “z” or “s”: “azur” /azy
or “asile” /azil/). Participants were warned th
targets could occur anywhere in the car
words. For each list, the target was speci
auditorily with word examples in initial, media
and final position using a standard format
specification. For example, /t/ was specified
the following way: “te” as in “tennis,” “an
tique,” or “baguette” (“te” was pronounced /tœ
/œ/ being the French vowel closest to schw
The presentation of stimuli and of oral instr
tions was controlled by a microcomputer int
faced with a digital-to-analog converter. T
computer collected reaction times (RTs) m
sured from the release burst of the plosive
gets /b/, /p/, or /t/ or from the acoustic onse
the fricative target /f/, as estimated from sp
trograms.

Results

Detection rates and RTs are summarize
Table 1. The detection rate and RT data w
entered into analyses of variance. For the de
tion rate data, no responses were discar
However, RTs longer than 1400 ms or sho
:

d.

.

n-

to
y

s

at
-
r

r
d

f

).

-
-
f
-

n
e
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r

than 100 ms were removed from the RT an
sis. This criterion was based on the examina
of the overall distribution of RTs: mean5 756
ms, median5 680 ms,SD5 346 ms; it was se
close to median1 2 3 SD (1373 ms). Using
this criterion, 6% of the RT data were discard
In the participant analyses of detection rate,
full design was List-assignment (to target)3
Target-order3 Target (/b/ or /p/)3 Letter (“b”
or “p”) 3 Context (/s/ or /t/). In the item ana
yses, List replaced List-assignment to tar
RTs were submitted to a simplified ANOV
design (see below).

List, List-assignment to target, and Targ
order had no significant effect on detection r
Context had no significant effect. As can
seen in Table 1, the detection rate of /b/ w
rather high across the board. However, it
much higher in words such as “absurde” tha
words such as “capsule”; that is, when /p/ c
responded to the letter “b” rather than to
letter “p.” Conversely, the detection rate of
was much higher when /p/ occurred in “c
sule” than in “absurde.” This was suppor
by a significant Target3 Letter interaction
F1(1,56)5 245.3,p , 0.0001;F2(1,24)5
248.1,p , .0001, andconfirmed by planne
comparisons. Moreover, /b/ was detected m
often than /p/ in “absurde,” whereas /p/ w
detected more often than /b/ in “capsule.”
these differences were highly significant,
general at thep , .0001level. To sum up, th
detection rate results suggested that particip

TABLE 1

Detection Rate and RT in Experiment 2 as a Function
Target (/b/ or /p/) and Stimulus Typea

Target

Stimulus type

Test
(“absurde”)

Control
(“capsule”)

/b/
% detection 89.8% (9.4) 27.9% (18.4)
RT 759 ms (77.4) 706 ms (234.

/p/
% detection 58.8% (18.7) 95.4% (5.2)
RT 637 ms (111.2) 676 ms (82.6

a By-item standard deviations are in parentheses.
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626 HALLÉ, CHÉREAU, AND SEGUI
were largely influenced by the graphic code
the words. However, participants did not sim
rely on orthography while ignoring sound
since they were able to detect /p/ in “absur
almost 60% of the time.

For RT analyses, three of four cases w
examined: detection of /b/ and of /p/ in “a
surde” and detection of /p/ in “capsule.” (T
detection rate of /b/ in “capsule” was too low
undertake reliable RT analyses.) In the follo
ing, we refer to those three cases as /b/ in
/p/ in “b,” and /p/ in “p.” As Table 1 shows, RT
to /b/ in “b” were about 100 ms longer than R
to /p/ in either “b” or “p.” These difference
were significant at least at thep , .001level in
both participant and item analyses.2 RTs to /p
were not significantly longer in “p” than in “b
words,F1(1,56)5 1.4, p 5 .24; F2(1,28)5
1.5, p 5 .22. In other words, RTs to /b/ we
onsistently longer than RTs to /p/.
The above analyses were conducted on

ata pooled across all participants. As vari
tudies have shown, however, it could be
he effects are restricted to “slow” subjects
low responses (Dupoux, 1993; Fox, 1984
speed” analysis was thus run by partition
articipants according to their mean speed
erformance into equal-sized subgroups
slow,” “medium,” and “fast” participants. Th
ain patterns observed in the pooled data

n all three subgroups: /b/ was detected m
ften in “b” than in “p” words and RTs we

onger for /b/ than for /p/ in “b” words by abo
00 ms in all three subgroups. The subgro

2 Because miss rate was relatively high—especiall
he /p/ in “b” case—and the number of items involved
ach cell was small, there were many missing values i

ull design of the participant data [List-assignment3 Tar-
et-order3 Case (/b/ in “b,” /p/ in “b,” or /p/ in “p”) 3
ontext (/s/ or /t/)]. However, pooling the data across
ontext variable (/s/ or /t/ right context) made the numbe
issing values reasonably low: Four participants misse

p/ in “b” value, and another one missed the /b/ in “b” va
hus, only five values were missing out of 180 (2.8%).
ook the conservative option of replacing each mis
alue in a participant’s data by the average of this pa
ant’s other data. (This option can only weaken the di
nces between the three detection cases.) There we
issing values in the full design item analysis.
f

”

e

”

e
s
t

f
f

ld
e

s

did not differ in the detection rate of /b/ in “b
words. They differed, however, in the detect
rate of /p/ in “b” words, which was highest f
fast participants and lowest for slow part
pants. This was supported by analyses of
correlation between RT and detection rate.
/b/ in “b,” individual mean RTs did not correla
with detection rate,r (58) 5 2.09, p 5 .56,
but for /p/ in “b,” they correlated negative
r (58) 5 2.26, p , .05.

We also checked whether detection rates
RTs for /b/ and /p/ in “b” words correlated wi
subjective frequency. There was a margin
significant trend for /p/ to be detected less o
in more frequent words,r (14) 5 2.48, p 5
.057, and /b/ wasdetected more rapidly in mo
frequent words,r (14) 5 2.57, p , .05.
(Similar but nonsignificant trends were fou
for the objective frequencies from the TLF.)
other correlation approached significance
particular, /b/ was not detected more often
more frequent words. Hence, these anal
only provided mixed support for the notion th
the observed effects were modulated by lex
frequency.

Discussion

This experiment showed that French listen
exhibit a strong tendency to detect /b/ rat
than /p/ in “b” words such as “absurde”
though these words are pronounced with a
This finding establishes the basic framework
the present study: a robust case of orthogra
influence on phonetic perception.

The rate of false positive responses for /b
the control words (e.g., “capsule”) was rat
high. This could be due to the dominance of
carrier words (counting “absurde” as such)
the materials. Enhanced expectation of
would increase the false positive rate for
The high rate of /b/ detection in “capsule” co
also indicate that the /b/–/p/ contrast is intrin
cally difficult, especially perhaps in word-m
dial position. At any rate, the important o
come of Experiment 2 is that /b/ was detec
much more often in “absurde” than in “capsu
(90% vs 28%).

For “absurde,” the /b/ responses, which w

e

f
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-
-
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presumably induced by the orthographic co
were significantly slower than the /p/ respon
Moreover, /p/ detection was distributed in
faster range of responses, suggesting it
based on a more immediately available phon
code. It is possible that detection of /b/ in “a
surde” engaged a linguistic level of represe
tion that became available after or at lex
access, whereas detection of /p/ reflected a
netic level of processing that occurs before
ically driven representations, including t
graphic code, could exert an influence. T
account is in line with the data of Dijkstra et
(1995), which suggest that phoneme detectio
biased by a word’s orthographic code o
when the phoneme occurs after the unique
point.

However, there was little converging e
dence that the detection of /b/ in “absur
engaged complete lexical access, from wh
the orthographic code was retrieved. First,
influence of lexical (subjective or objectiv
frequency was not clear-cut. Indeed, wherea
tended to be detected more often in less freq
“b” words, /b/ was not detected more often
more frequent “b” words. This is only partly
line with the notion that the influence of t
graphic code available from the lexicon
creases with lexical frequency. Second, o
strictly postlexical account, the representati
activated after lexical access, such as
graphic code, should emerge rather late rela
to the auditory words. Consequently, the de
tion rate of /b/ in “absurde” should be highes
the slow range of response times. But such
not the case. To sum up, the postlexical na
of the orthographic effect we found is mo
clearly suggested by the fact that the respo
reflecting a linguistic level of processing (the
responses) were consistently slower than t
reflecting a phonetic level of processing (the
responses).

Rather than resulting from the access t
single word or, perhaps, a single morpholog
family, the high detection rate of /b/ in “b
words could reflect general aspects of phone
composition in the French lexicon. That is,
might occur more frequently or in more wor
,
.
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than /p/ after the initial sequences /a/, /ɔ/, and
/sy/ that appeared at the onset of the test wo
Counts using the BRULEX database (dra
from the TLF) do not support that hypothes
however. There are about the same numbe
words beginning with “ab,” “ob,” and “sub
(341) as words beginning with “ap,” “op,” an
“sup” (329). The cumulative frequency of t
latter, where “p” is always pronounced /p/,
365,679, whereas that of the former is 290,9
of which only 176,553 have “b” pronounced /
Hence, there is no general advantage for
over /p/ based on lexical statistics after
initial sequences /a/, /ɔ/, and /sy/. The finding
of Experiment 2 must thus reflect the influe
of deeper sources of knowledge, such as
orthographic representation of specific wo
Still, when in the process of lexical access
such influences emerge?

In the next experiment, we used the pho
mic gating task to address this question.
Hallé et al. (1998) have shown, this variant
the gating paradigm provides information ab
the time course of phonetic perception for n
words. The data at each gate give a snapsh
the relative perceptual salience (or, perh
activation level) of the various phones that
teners hear. The novelty, here, is to use
paradigm to trace the possible influence
higher level information on phonetic proce
ing. Contrary to Experiment 1, where excis
portions of words were used (e.g., /psyrd/),
gating must now involve the entire words (e
“absurde”) in order to let lexical information (
particular, the graphic code) exert an influen
Where in the “b” words would listeners beg
reporting that they hear /b/ rather than /p/?
however unlikely, would they fail to report /b
at all, even when presented with a sufficien
long fragment for a “b” word to be recognize
Experiment 3 was designed to shed light on
issue.

EXPERIMENT 3: PHONEMIC GATING OF
THE ENTIRE STIMULI

When listeners detect /b/ in “absurde,” th
must base their detection on a linguistic leve
representation, presumably an orthogra
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628 HALLÉ, CHÉREAU, AND SEGUI
code. How does the interference of the grap
code with the bottom-up phonetic-acoustic
formation unfold over time? Does the grap
code build up and influence phonetic percep
only after words are recognized? To address
issue, a phonemic gating test was conducte
the “bs” and “bt” words used in Experiment
This variant of the gating paradigm was cho
to avoid overestimating lexical influences
phonetic judgments. As in Experiment 1, “
and “bd” control items were included to provi
a baseline for how consistent /b/s (i.e., /b/s
agreement with the spelling “b”) are perceiv
In addition, “ps” and “pt” control items such
“rhapsodie” were also included, providing a
other baseline for consistent /p/s.

Method

Stimuli and design.The 16 words from whic
the test and control items of Experiment 1
been excised were used in their entirety. F
control words with the “ps” or “pt” sequence
which “p” was pronounced [p] were added
control items for the perception of consist
/p/s: “rhapsodie,” “autopsie,” “cleptomane
and “Neptune.” (These words were also use
Experiment 2.) For all 20 words, the first g
contained the initial portion of the word un
the point of maximum spectral stability in t
vowel preceding the labial stop under scrut
For example, the first gate for “subterfug
/sypt«rfyU/ was /sy/, with roughly the first ha
of the /y/ vowel. There were a total of eig
gates, whose duration increased by 40-ms s
The last gate thus included 280 ms more t
the first gate. The final 4 ms of each fragm
was attenuated as in Experiment 1 to av
clicks at gate offset.

Importantly, the synchronization between
main phonetic events in the stimuli and
gates was relatively homogeneous across s
uli. The release burst of the critical labial s
occurred at the end of Gate 4. It was imme
ately followed by the fricative /s/ or /U/ in “bs”
or “bj” items. In “bt” or “bd” items, the releas
burst of /t/ or /d/ occurred at the end of Gate
The eighth (last) gate contained a substa
part of the following vowel (100 ms on ave
c

n
is
n

n

.

r

t

n

.

s.
n
t

-

-

.
l

age). This vowel (e.g., /y/ in “absurdite´”) was
the morphological family uniqueness po
(UP) for six test words and for the eight “bj”
“bd” control words. For the two remaining te
words, “abscisse” and “obtusion,” the UP w
the consonant following /i/ and /y/, respective
For the “ps” or “pt” control words, the UP wa
the next consonant after /p/. Therefore, the lo
est fragments listeners heard were portion
words from word onset and in general up to
(slightly beyond for the “ps” or “pt” controls
slightly before for “abscisse” and “obtusion”

Participants received a total of 160 stim
(20 items3 8 gates) blocked by duration (4
ISI and 8-s IBI). Each block contained 20 ite
in a random order differing from block to bloc

Participants. Fifteen participants from th
same population as in Experiments 1 and 2 w
run.

Procedure.The procedure was the same a
Experiment 1. The instruction to avoid guess
at words was stressed so that the task i
would not elicit a lexical strategy. Lexical i
fluence on phonetic judgments was nonethe
expected to emerge as soon as sufficient in
mation had been presented for words to
recognized.

Results and Discussion

The gating responses were analyzed a
Experiment 1 with respect to the conson
reported for the critical labial stop: /b/, /p/,
“other.” Figure 2 shows how the percentage
these three possible responses changed
time for the test (Fig. 2A) and control item
(Figs. 2B and 2C). The pattern of responses
the “bj” and “bd” control items was similar
that obtained in Experiment 1, but the corr
identification of place emerged only at Gate
Indeed, the release burst appeared only at
4 in the present experiment, whereas it
present at Gate 1 in Experiment 1. Neverthe
there was sufficient coarticulatory informat
in the vowel preceding the labial stop for pla
to be identified before release burst. From
fourth gate onward, there was a large majo
of /b/ responses (75% or more). For the “
and “pt” control items, the opposite pattern
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tained: A large majority of /p/ responses
peared from the fifth gate onward, which w
somewhat later than was the case for /b/
sponses for the “bj” and “bd” items. Participa
eventually heard /p/ in “autopsie” /otɔpsi/ and
/b/ in “subjuguer” /sybUyge/ and did not chang
their judgments afterward.

The pattern of responses for the test ite
was strikingly different, as Fig. 2A shows. C
rect place of articulation emerged at Gate
together with phonetically correct voicing. T
phonetically motivated /p/ responses reach
maximum at Gate 5 (72%) then decreased
matically, reaching 35% at the last gate. T
percentage of /b/ responses symmetrically
creased from 27% at Gate 5 to 65% at Gat

The gating data from Gates 5–8 (Gates
mainly showed the emergence of /b/ or
against “other” responses) were entered in G

FIG. 2. Experiment 3: percentages of /b/, /p/, and “oth
responses according to gate number for (A) “bs” or “bt”
items, (B) “bj” or “bd” control items, and (C) “ps” or “pt
control items.
-

s

,

a
-

-
.

4
/
te

(Gates 5–8)3 Response (/b/ or /p/)3 Item-
type (test, “b” control, or “p” control) by-sub
ject and by-item ANOVAs. (“Other” respons
were negligible in the Gates 5–8 portion.) Th
was a significant Gate3 Response interactio
for test items,F1(3,42) 5 16.4, p , .0001;
F2(3,21)5 5.3, p , .01, but not forcontrol
items. Whereas /b/ and /p/ responses
proached or stayed at ceiling level for “b” a
“p” control items, respectively, /p/ respons
substantially decreased and /b/ response
creased for test items. To sum up, wherea
responses for test items were dominant at G
5 (which only contained the initial portion of t
labial stop release burst), they began to decr
from this gate onward to the benefit of /b/
sponses, which eventually outnumbered /p
sponses at Gate 8.

Experiment 3 served to uncover the ti
course of the orthographic effect found in E
periment 2 for “b” words. In the early gate
listeners rarely reported a labial stop. The av
able acoustic information was presumably
sufficient for hearing a labial stop. From t
third gate on, however, there was sufficient
articulatory information in the speech signal
listeners to identify the upcoming stop, not o
with the correct place of articulation but a
with the phonetically correct voicing. This
consistent with the findings of Warren a
Marslen-Wilson (1987, 1988). Coarticulati
causes phonetic cues to be distributed and
lows listeners to anticipate upcoming articu
tory-phonetic events. Up to Gate 5, which
cluded an average of 50 ms following the lab
stop release burst, /p/ responses outnumb
/b/ responses, and the listeners’ responses
sumably reflected phonetic perception. Fr
Gate 6 onward the pattern of responses gr
ally reversed until /b/ responses became do
nant at Gate 8. This finding suggests that
responses were increasingly influenced by
guistic information as longer word fragme
were presented.

These results are consistent with the de
tion data of Experiment 2, which showed t
the graphic code strongly interfered with p
netic perception. Experiment 3 provides an

t
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630 HALLÉ, CHÉREAU, AND SEGUI
dication of the time course of this interferen
insofar as the increasing rate of /b/ respon
reflects the extent to which the graphic code
building. But do these data tell us someth
about the prelexical versus postlexical locu
the interference effect? Earlier studies, suc
that of Dijkstra et al. (1995), have sugges
that the orthographic code for auditorily p
sented words emerges and interferes with
phonetic code only after words are recogniz
The present data suggest that the orthogra
code emerged quite early (from Gates 5 an
onward), before the UP was reached. Indee
test words such as “absurde,” the UP was e
the vowel following /s/ or /t/ or the next cons
nant; that is, the UP was not reached be
Gate 7. This finding could suggest that the
thographic code emerged before the words w
recognized. However, there is some doubt a
the relevance of theoretical UP locations (i.e
terms of phoneme locations) in predicting w
recognition. In particular, because phon
cues are distributed and allow listeners to an
ipate phonetic segments, words may be re
nized before their theoretical UP.

To conclude that the orthographic co
builds up prelexically, we need more concr
data indicating when the words under scru
are actually recognized, and thus their spe
linguistic code becomes available. The cla
gating paradigm (Grosjean, 1980) can be u
for this purpose to determine the amount
bottom-up information that is necessary to
tually recognize such words as “absurde.”
thus ran 10 participants on a classic gating
using exactly the same stimuli as in Experim
3 in order to find out whether the /b/ respon
in Experiment 3 were determined postlexica
or emerged prelexically. The mean word id
tification rate3 for items such as “absurde” w

3 The criterion used to accept a response as correc
uite liberal: Responses had to be words of the same
hological family as the words that had been presented
xample, words such as “absurde” and “absurdement”
ccepted for “absurdite´.” The notion of morphological fam

ly was rather broad. For example, “subtil” and “subtilis
ere considered as belonging to the same family and
ise for “objet,” “objectif,” “objectant,” or “objecter.”
,
s
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only 6% at Gate 5 then gradually increased
49% at Gate 8. This is well below the size of
orthographic effect found in the phonemic g
ing task, in which /b/ responses for the “
words increased from 27 to 65%. It is th
unlikely that the graphic code inducing /b/
sponses emerges only after a word (or at le
any member of its morphological family) h
been recognized. In other words, the ort
graphic effect found in Experiments 2 and 3
not strictly postlexical. However, the effe
could be lexical in the sense that it is induced
the word candidates conceivably engaged in
mechanism of lexical access. In the classic
ing task, listeners frequently reported incorr
guesses (e.g., “abstinence” for “absciss
which were nonetheless consistent with both
pronunciation and the spelling of the tar
items. The percentage of all such word ca
dates that were consistent with both /p/ and
whether correct or incorrect guesses, bec
sizable at Gate 5 (44%) and reached a ceilin
85% at Gate 6. The orthographic effect foun
Experiment 3 is thus more likely induced by
entire set of the words with /p/ spelled as
than by the subset of words considered as
rect guesses. In other words, the interfere
effect does notfollow word recognition, bu
unfolds on-line with the word recognition pr
cess.

The latter account is consistent with a coh
like view (Marslen-Wilson & Welsh, 1978
Marslen-Wilson, 1987). On this view, ea
gated stimulus activates a set of phonetic
compatible words. For each gate, the or
graphic codes of the currently activated coh
of words are available and can influence p
netic perception. For example, before suffic
acoustic information is presented to guess
surde” (or any word of the same morpholog
family) but as soon as /s/ is heard, the coho
words reduces to words such as “abstinen
and “abscisse,” which all share the “b” spell
for /p/. Even when the task is phonetic tr
scription rather than word-guessing, cohort
tivation might be irrepressible. As soon as
words in the currently activated cohort stron

as
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favor the “b” spelling, it could start biasin
phonetic transcriptions toward [b].

So far, the arguments that the orthograp
effect is not strictly postlexical (i.e., does n
arise from access to specific lexical items)
rather emerges in synchrony with the lex
access mechanisms are based on gating da
the case of nonwords with an initial illeg
cluster (Halléet al., 1998), the data obtained
the phonemic variant of the gating paradi
seem to illustrate phonetic processing as it
folds over time. The phonemic gating data fr
Experiment 3, however, were obtained for le
words and could reflect postperceptual off-
judgments; that is, judgments based on c
scious guesses. We thus resorted to a m
on-line task to examine further the locus of
interference effect we found. In the next exp
iment, we used a phoneme monitoring task w
a set of nonwords that mimicked the previ
test and control words in that they could activ
similar cohorts of “b” and “p” words, respe
tively.

EXPERIMENT 4: DETECTION OF /b/ VS
/p/ IN /apsøri/ VS /rapselyg/

This experiment was designed in the sa
way as Experiment 2, but used nonwords
stead of words. A set of nonwords beginn
with the phonetic sequence [aps], [ɔps], [ɔpt],
[syps], or [sypt] replaced the “b” words (te
items) used in Experiment 2 (e.g., /apsøri/ p
alleled “absurdite´”). Likewise, a set of non
words replaced the “p” words (control items)
maintaining the initial phonetic sequence up
/s/ or /t/ (e.g., /rapselyg/ paralleled “rhapsodi
The nonwords were thus structurally similar
the words used in Experiment 2. If listeners
biased to detect /b/ in nonwords such as /ap
but not in /rapselyg/, a prelexical account of
mechanisms at work for structurally simi
words would be supported. Conversely, if
teners only detect /p/, not /b/, a postlexical
count would be supported.

Method

Stimuli and design.All the stimuli were non
words. Sixteen of them were structurally sim
c

t
l
In

-

l

-
re

-

e
-

-

.

ri/

-

to the “b” words of Experiment 2 (e.g
/apsøri/); these were the test items. Likew
there were 16 control items similar to the “
words of Experiment 2 (e.g., /rapselyg/). All
these test and control items were three sylla
long. They were otherwise matched with
spect to phonological structure (see Appen
B). The deviation point (DP) of these 32 t
items (the phoneme where they departed fro
possible word) was either the vowel after /ps
/pt/ or the consonant following that vowel. Th
is, the DP occurred two or three phonemes a
the labial stop to be detected. Another 48 n
word items were used, half of which contain
/b/ and the other half /p/ in word-initial or -fin
positions. Finally, 140 filler items contain
neither /b/ nor /p/. The number of syllables
the nonwords other than test and control ite
ranged from 2 to 3 (mean5 2.7). The tota
number of items was 220.

This set of 220 items was split into two t
lists of 110 items, maintaining as much as p
sible the same proportions and characteristic
the various types of items in each list. The sa
design as in Experiment 2 was used. Ta
assignment to list and target order were co
terbalanced so that each participant heard
item only once for the detection of either /b/
/p/ in either the first or the second list he or
received. The two test lists were preceded
training list containing 27 disyllabic nonwo
items: 9 bore the target /k/ in initial, medial,
final position and 18 were non-target-bear
fillers.

The nonwords were recorded by a male
tive speaker of French, using the same app
tus as for Experiment 2. They were digitiz
(16-kHz sampling rate and 16-bit resolutio
and transferred to computer files. The voice
quality of the labial plosive in all the test a
control items was assessed by visual inspec
of spectrograms. No voicing murmur could
observed during the closure portion.

Participants. Forty students from the sam
population as in Experiments 1–3 participa
in the experiment for course credit or volunt
ily. None of them reported any hearing di
culty or spoken or written language problem



uite
ha
dd
sis
ab
/ in
ich
ful

a-
se
ey

rge
in

me
or
y:

,
a-
tar

d i
el
th

ed
iss
d

s a
tio
ov
sis

es

f

et-
ate.
if-
ate
øri/,
on-
er

ted
s

ant

f
ith
/ in
de-
rd/.
er-

es 1
ften
2,
/ in

rol
RT
low

Ex-
hus
/ in
et-
ell
ct.

ere
test
nif-
ses

/ in
t cell
w the
f s in
E ntext
v son-

get

)
1)

)

632 HALLÉ, CHÉREAU, AND SEGUI
Many of them reported that the task was q
difficult. This was perhaps due to the fact t
nonwords were used. The data of eight a
tional participants were not retained for analy
because the detection rate in the presum
easy experimental conditions (detection of /p
test and control items) was below 50%, wh
we considered too low to provide meaning
results.

Procedure and apparatus.The same appar
tus and procedure as in Experiment 2 were u
except that participants were told that th
would hear nonwords. For each list, the ta
was specified auditorily with word examples
initial, medial, and final position using the sa
format of specification as in Experiment 2. F
example, /k/ was specified in the following wa
/kœ/ as in “court,” “e´cu,” or “antique” (/kur/
/eky/, and /a˜tik/, respectively). RTs were me
sured from the release burst of the plosive
gets /b/, /p/, or /k/.

Results and Discussion

Detection rates and RTs are summarize
Table 2. Because this experiment exclusiv
involved nonwords, the detection of /b/ in bo
the test and control items could be consider
false positive and the nondetection of /p/ a m
The detection rate and RT data were analyze
the same way as in Experiment 2. Wherea
of the responses were included in the detec
rate analysis, RT values below 100 ms or ab
1400 ms were excluded from the RT analy

TABLE 2

Detection Rate in Experiment 4 as a Function of Tar
(/b/ or /p/) and Stimulus Typea

Target

Stimulus type

Test
(/apsøri/)

Control
(/rapselyg/)

/b/
% detection 53.8% (21.1) 25.0% (14.4
RT 858 ms (154.3) 921 ms (202.

/p/
% detection 84.1% (13.4) 96.3% (5.5)
RT 779 ms (106.4) 760 ms (89.5

a By-item standard deviations are in parentheses.
t
i-

ly

d,

t

-

n
y

a
.

in
ll
n
e

based on the overall distribution of RT valu
(mean5 837 ms, median5 760 ms,SD5 324
ms; median1 2 3 SD 5 1408 ms); 6.1% o
the RT data was thereby discarded.

List, List-assignment to target, and Targ
order had no significant effect on detection r
Context (/s/ vs /t/ following /p/) had no sign
icant effect overall. False positive detection r
of /b/ was higher in test items, such as /aps
than in control items, such as /rapslyg/. C
versely, correct detection rate of /p/ was low
in test than in control items. This was suppor
by a significant Target3 Item-type (test v
control) interaction,F1(1,36) 5 69.7, p ,
.0001; F2(1,24) 5 56.0, P , .0001, and
confirmed by planned comparisons signific
at thep , .0001level (54%. 25%) or at the
p , .0005level (84%, 96%). The pattern o
results was thus similar to that obtained w
words in Experiment 2: Listeners detected /b
nonwords such as /apsøri/, just like they
tected /b/ in words such as “absurde” /apsy
However, the effect was more modest in Exp
iment 4, as can be seen by comparing Tabl
and 2. For instance, /p/ was detected more o
than /b/ in /apsøri/, unlike in Experiment
where /p/ was detected less often than /b
“absurde.”

The data for the detection of /b/ in cont
items (e.g., /rapselyg/) were not used in the
analysis because the detection rate was too
(25%) to undertake reliable analyses. As in
periment 2, only three of four cases were t
examined: detection of /b/ in test items, of /p
test items, and of /p/ in control items. Targ
order, List-assignment to target or List, as w
as Context (/s/ vs /t/) had no significant effe
As Table 2 shows, RTs to /b/ in test items w
about 80 ms longer than RTs to /p/ in either
or control items. These differences were sig
icant in both the participants and items analy
( p , .01 andp , .05, respectively).4 RTs to

4 Miss rate was relatively high for the detection of /b
est items, and the number of items involved in each
as small. Hence, there were many missing values in

ull design of the participant data. As for the analyse
xperiment 2, the data were pooled across the Co
ariable. This made the number of missing values rea
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633HEARING /b/ IN “ABSURDE”
/p/ in test and control items did not significan
differ ( ps . .1). Thus, as for words in Expe
ment 2, RTs to /b/ were consistently longer t
RTs to /p/.

Did the effects depend on the participan
speed of performance? That is, were the
served effects limited to, for example, sl
responders? The answer is a clear “no,” ba
on speed analyses similar to those conducte
Experiment 2 in which participants were pa
tioned into groups of 13 “fast,” 14 “medium
and 13 “slow” responders. The main patte
observed in the pooled data held in all th
subgroups: /b/ was detected more often in
than in control items, and RTs were longer
/b/ than for /p/ in test items (or /p/ in contr
items) by about 80 ms in all three subgrou
However, as a correlation analysis revealed
detection rate for /b/ in test items was negativ
correlated with the mean latency of such
sponses,r (38) 5 20.375,p , .05. (Noother
significant correlation was found.) In oth
words, the “bias” toward hearing /b/ in /apsø
was more pronounced in faster responses.

Together, the results suggest that the s
kind of effect found for words in Experiment
also emerged for nonwords, although to a le
extent. Moreover, the orthographic effect se
to arise on-line during processing, a possib
that the gating data of Experiments 3 had
open. Does this necessarily mean that the
served effect was not lexically motivated? T
test or control nonwords used in Experimen
were chosen so that their beginnings were p
netically compatible with either “b” words
“p” words, respectively. Therefore, it was po
sible that, at some point in time, test nonwo
activated a cohort of (mainly) “b” word
whereas control nonwords activated a coho
“p” words, which would explain the higher ra

ably low: two of 120 values (1.7%) had to be replaced
in Experiment 2, we followed the conservative option
replacing each missing value in a participant’s data by
average of this participant’s other data. In the full de
item analysis, there was one missing value for the dete
of /b/ in test items: It was replaced by the average valu
that detection situation for the group of subjects involv
’
-

d
in

s

t

.
e

-

e

r
s

t
-

-

f

of false positive detection for /b/ in test than
control items. Indeed, for the control nonwo
(e.g., /rapselyg/), the orthographic code in
cohort of “p” words was always congruent w
/p/ and thus did not interfere with the phone
evidence for /p/. By contrast, for the test n
words (e.g., /apsøri/), the orthographic code
the “b” words in the activated cohort was co
gruent with the phoneme /b/ and could interf
with the phonetic evidence for /p/, induci
more /b/ responses than in the case of co
nonwords. As for the time course of coh
activation, the cohort activated by the test n
words mainly comprised “b” words when /s/
/t/ in /ps/ or /pt/ had been identified then n
essarily vanished after the DP was reached.
influence of the “b” cohort on phonetic perce
tion should thus decline over time. Hence,
detection rate of /b/ in test nonwords should
lower for longer RTs. This expectation w
supported by the negative correlation found
tween detection rate and response latency fo
in /apsøri/.

The longer RTs for the detection of /b/ th
of /p/ in test items such as /apsøri/ can
explained by the interference between a p
netic and a linguistic code. On a cohort acti
tion account, the latter code could be eit
graphic or morphophonemic, generated via
activation of a cohort of words compatible w
the available phonetic input. An interesting
ternative account is that morphological deco
position may be tentatively performed prele
cally. For instance, as soon as an uttera
begins with the sequence [ap] or [ab] follow
by a consonant, listeners may extract the pr
{ab-}, even though the upcoming speech
quence does not easily lend itself to a trans
ent stem.

Whatever the correct account, the fact
the interference effect inducing /b/ responses
phonetically voiceless [p]s is still at work f
nonwords indicates that a linguistic code
words is generated quite early in the proces
of a speech utterance. This is in line with
view of a linguistic code that is computed pr
exically rather than derived from the entries
the lexicon after words have been accesse

e

n
n
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634 HALLÉ, CHÉREAU, AND SEGUI
GENERAL DISCUSSION

The existing literature offers evidence
interference between orthography and sur
phonology in the processing of spoken wo
This study provided further evidence for su
interference. We have tentatively assumed
the linguistic code that interfered with the ph
netic interpretation of words as well as n
words was the orthographic code. However,
orthographic and morphophonemic codes w
almost perfectly congruent in our materials
so the question of whether the morphophone
code played a role remains a matter of spec
tion. In any case, the focus of this study was
time course and origin of the observed inter
ence, an issue that had received little atten
in earlier investigations.

Experiments 1 and 2 set the stage with a c
example in which the graphic code stron
influences the phonetic perception of spec
words: French listeners do hear /b/ more ea
than /p/ in words such as “absurde,” althou
the surface form is /apsyrd/ not /absyrd/. T
latter point was demonstrated both by acou
measurements and by perceptual assessm
the critical labial stop excised from its linguis
context (Experiment 1). French listeners no
theless were able to detect /p/ in “absurd
though much less readily than /b/. On the o
hand, the detection of /p/ was much faster t
that of /b/. A tempting account of these findin
was that hearing /p/ involved a prelexical “lo
level” of phonetic perception, whereas hear
/b/ required a postlexical reanalysis of the wo
heard. However, the data in Experiment 2
not lend clear support to the postlexical acco
We thus further explored the time course
origin of the orthographic–phonetic interferen
effect. In Experiment 3, two versions of t
gating paradigm—phonetic transcription a
word guessing—were used. The results s
gested that the interference effect was
strictly postlexical. That is, it did not result fro
the recognition of a specific lexical entry a
was more likely conveyed by a cohort of sim
larly spelled words which were compatible w
the acoustic input. It might be the case, h
e
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ever, that cohort activation in a gating ta
arises postperceptually. Hence, there rema
some doubt about how reliably the results
flected the on-line processes of lexical acc
via cohort activation. We addressed that issu
Experiment 4, resorting to a phoneme moni
ing task that used nonwords mimicking
words used in Experiments 2 and 3 so
similar cohort activation could occur during t
process of (tentative) lexical access. Surp
ingly, the detection of /b/ induced by tho
nonwords mimicking “b” words still occurred
a moderately high rate. The data thus sugge
that the graphic code that caused the inte
ence effect emerged from the lexical acc
mechanism itself, presumably from cohort a
vation. At any rate, it is a real-time mechanis
which is automatically at work for both wor
and nonwords.

Together, the findings point to real-tim
mechanisms whose function is to prod
words and meaning from the speech in
whatever its lexical status. On this view, acc
to word and meaning is a dynamic process
involves real-time computation rather than,
example, a passive pattern matching me
nism.

What is the nature of this dynamic proce
In discussing Experiments 3 and 4, we h
favored a cohortlike mechanism: At each po
in time, the linguistic code /b/ could be co
veyed by a cohort of words that are phonetic
compatible with the acoustic input, yet spel
with a “b.” There might be, however, som
difficulty with the cohort activation account.
happens that there are more words in Fre
beginning with “abs” (41), “obs” (45), an
“subs” (16) than with “obt” (10) or “subt” (6)
there is no word beginning with “abt.” Th
advantage of “bs” over “bt” words also hol
when considering word tokens (cumulated
quencies) instead of word types. Given t
difference, one would predict that hearing
should be more likely for the words with “
than with “t.” However, in the analyses of E
periments 2 and 4, the Context factor (/s/ vs
had no significant effect. We cannot, howev
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635HEARING /b/ IN “ABSURDE”
dismiss the cohort account on the basis of a
effect.

On-line phone-to-grapheme conversion co
also account for the prelexical nature of
interference effect we found. For example, u
hearing initial /aps/, the graphic code “ab
could be activated and could activate, in tu
the phoneme /b/. As Dijkstra et al. (1993) h
shown, simple sounds may activate sim
graphemes (e.g., the vowel /a/ activates the
ter “A”). But the mapping between /aps/ a
“abs” is not straightforward and is not mo
vated by a conversion rule: /aps/could be
pelled “aps” just like /apt/ is spelled “ap
orse, /opt/ can be spelled either “opt” or “o

as in “optique” or “obtus”). The mapping
hus simply motivated by the peculiarities of
rench print lexicon. In sum, if a phone-
rapheme conversion mechanism is at wor
onvert [p] into “b” in the phonetic contexts
apsyrd] or [apsøri], it depends on the con
encies of the French print lexicon, not on p
ictable regularities. This mechanism would
ssentially differ in its workings from an
echanism engaging the whole lexicon, suc

ohort activation. But it would differ from co
ort activation in its usefulness. Phone
rapheme conversion fulfills no need specifi
peech, whereas cohort activation indeed ai
ord retrieval. Therefore, the phone-to-gra
me account is not considered any further.
We mentioned another alternative accoun

ohort activation: morphemic decompositi
his view is still a matter of heated debate
oth written and spoken word recognition (L
anna, Burani, & Cermele, 1994; Marslen-W
on, in press; Schriefers, Zwitserlood, & R
lofs, 1991; Taft, 1981; Taft & Forster, 197
yler, Marslen-Wilson, Rentoul, & Hanne
988; Wurm, 1997). According to most of t
urrent research on speech perception, dis
inuous access to stems and affixes is unlike
xplain how prefixed words are recogniz
Greber & Frauenfelder, 1999; Schreuder
aayen, 1994; but see Taft, 1981). Yet evide

or derivational prefix activation in spok
ords has been found using cross-moda
ll

,

t-

o

-
t

s

-

in
-

o
.

n-
o

e

r

ntramodal priming paradigms (Marslen-W
on, Ford, Older, & Zhou, 1995, 199
arslen-Wilson & Zhou, 1996). However,

eems to be limited to cases of transpa
orphological composition and to product
ffixes. In the words used in the present stu
uch as “absurde,” the morphological com
ition was opaque for most listeners (see f
ote 1). The prefixes were common ones

hough the {ab-} and {sub-} prefixes a
otably more common than {ob-}), where

he relationship of the stems to the en
ords was far from transparent for m
rench speakers. Listeners, we believe, c

dentify at least common prefixes, howev
paque the following stem may be. We
ot arguing here for an affix-stripping vs

ull listing account of word recognition fo
refixed words. We rather suggest that lex
ccess may begin with the tentative iden
ation of common prefixes. Therefore, in c
ain instances, prefix activation may oc
arly in the processing of spoken words
ell as of nonwords, as Experiment 4 s
ests) and possibly interfere with the phon
ode. According to this “prefix activation
ccount, common prefixes such as {ab-}
sub-} are automatically activated in no
ords as well as words, whether they actu
re prefixes, or, more exactly, independen

isteners’ linguistic intuitions. If prefixes a
otentially accessed prelexically, can t
elp language processing? If so it is proba
ot by speeding up the computations invol

n lexical access (see Schreuder & Baay
994: Prefix-stripping cannot be motivated
onsiderations such as computational pa
ony). Prelexical access to prefixes, ho
ver, may contribute to the construction
emantic representations, which can build
n-line (see Van Petten, Coulson, Rub
lante, & Parks, 1999).
We are thus left with two possible accou

f the data. One explanation rests on co
ctivation and is consistent with the activat
f a graphic code interfering with the phone
ode. The other rests of prefix activation an
onsistent with the activation of a morphop
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nemic code. Although we favor the former
terpretation, which is more in line with th
findings reported in the literature, further
search is needed to clarify this issue.

At any rate, both cohort activation and pre
activation entail activation of a linguistic co
which may supersede incompatible phonetic
idence. The eventual dominance of the ling
tic code over the phonetic code requires a
tional processing time. The robust effect fou
with RTs (longer RTs for detecting /b/ than
in “absurde” as well as in /apsøri/) is m
readily interpreted in the following way: /
responses are based directly on the bottom
phonetic information, which is available as so
as the [p] phone occurs; /b/ responses mus
based on a linguistic code (lexically media
by a cohort of congruent words or, alternative
by prefix identification), which cannot be ava
able before the phonetic context following
occurs. These empirical findings could be
commodated by models such as Merge (No
McQueen, & Cutler, in press), in which ph
netic decisions can be made either on the
basis of the early available bottom-up inform
tion or after integration of the bottom-up info
mation with the later available lexical codes
the latter case, responses should naturall
slower. (The “tentative framework” propos
by Dupoux and Mehler, 1992 has some simi
ity with the Merge model in that responses
be derived from the simultaneous inspection
various activated codes.) Our RT data are
compatible with a TRACE-like account (M
Clelland & Elman, 1986), in which phone
decisions are made at the phoneme node l
which receives top-down feedback from hig
level nodes, possibly interfering with the b
tom-up information. By this account, /b/ r
sponses, which require the propagation of fe
back activation, should be slower than
responses, which reflect the initial bottom
activation.

To summarize, this study illustrates the r
of linguistic knowledge in speech sound perc
tion. Should we consider the present effect
be a kind of perceptual illusion? We could
-
-
i-

p

e

,

-
,

le

e

-

f
o

l,
r

-
/

-
o

swer “yes,” given that there was a substan
discrepancy between the objective phonetic
ality and the human perception of that real
However, this kind of illusion is ultimately us
ful and even necessary in order to interpret
physical world in an efficient way. Therefore
should not be considered a mere side effec
the perception of physical objects and eve
Rather, we interpret the present data as sho
how purposeful the on-line analysis of spe
tends to be. French listeners do not hear
because they identify the word “absurde” b
rather, derive /b/ on-line from /aps/ because
helps them to identify “absurde.”

APPENDIX A

Test and Control Items Used in Experiment 1 for Eac
the Two Lists (See Text)a

List 1 List 2

Item Rating Item Ratin

bs” items
abside 1.3 abscisse 4.2
absurdite´ 4.7 absinthe 2.2
inobserve´ 3.0 inobservance 1.6
subsumer 1.8 subse´quent 1.9
M 2.7 M 2.5

bt” items
subtilement 4.1 subtilite´ 4.3
subterfuge 2.6 subtiliser 2.1
obtusion 1.3 obturer 2.0
obtenant 3.2 obtus 2.7
M 2.8 M 2.8

ps” items
asepsie 1.3 autopsie 4.1
éclipser 4.2 ellipsoı¨de 1.4
rhapsodie 1.9 lapsus 4.4
epsilon 2.2 ipso-facto 1.8
M 2.4 M 2.9

pt” items
opticien 4.3 opter 3.3
cleptomane 3.0 septice´mie 2.2
cheptel 1.8 Neptune 2.8
somptuaire 1.7 dompteur 3.0
M 2.5 M 2.8

a Subjective frequency rating (on a scale of 1–5) is sh
for each word and averaged by item type.
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