Journal of Memory and Languagk3, 618—-639 (2000) ®
doi:10.1006/jmla.2000.2718, available online at http://www.idealibrary.corl M %I.

Where Is the /b/ in “absurde” [apsyrd]? It Is in French Listeners’ Minds

Pierre A. Halle Cdine Chaeau, and Juan Segui

Laboratoire de Psychologie Expmentale, 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 {at-}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 peopleemes, are automatically “restored” in a word
tend to hear what the structure of their languagey a sentence context (Samuel, 1987, 1996
together with the contextual situation, tells thenwarren, 1971). One remarkable aspect of this
they “should” hear rather than exactly thephenomenon is that listeners do not even notice
sounds that are physically present in the speetiat a speech segment has been removed
signal. Surface form variation is generally acreplaced and apparently reconstruct it on the fly
commodated by listeners so that meaningfuimilarly, even if cross-splicing of speech cre-
utterances are heard. For instance, as Marslestes an impossible sequence of articulatory ges
Wilson (1999) wrote: “The sequence [heem] irtures, listeners readily interpret the cross-
the context ‘Hand me the book’ is successfullgpliced speech sequences and appear insensiti
interpreted as a token dfand and notham, to the manipulation (Marlsen-Wilson & War-
despite clear phonetic evidence to the contraryrén, 1994; Streeter & Nigro, 1979; Whalen,
Phonemic restoration is another striking examt984, 1991). Likewise, illegal phoneme se-
ple of hearing what we should hear in spite ofjuences are sometimes restored or “assimi
the physical evidence: Missing portions of thdated” to legal sequences (e.g., /dla/ heard a:
speech signal, roughly corresponding to phdgla/), even in the absence of semantic or lexica
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writing system in which graphic and phonologthese words provided that the full vowel in
ical representations are related in some way. Aglestion was consistent with the spelling of the
many studies using metalinguistic tasks haveeduced vowel. For instance, éthwas detected
shown, knowledge of sound-spelling relationgn “metallic” but /mot/ was not. Taft and Ham-
in an alphabetic writing system, starting withbly attributed this effect to an orthographic
learning the names of letters, is not independerather than to a morphophonemic code, arguing
of how speech sounds are analyzed by literatbat, for example, /leeg/ was detected in “la-
listeners (Treiman, 1985; Treiman, Tincoff, &goon,” which has no underlying morphophone-
Richmond-Welty, 1996). Rather, alphabetienic code such as /leegun/. Their conclusion,
knowledge seems to radically alter the way lishowever, overlooked the well-known overgen-
teners analyze speech into sounds, presumalglsalization behaviors common in language
by providing them with an abstract model fodearning and use, while perhaps overestimating
analyzing speech sounds (Olson, 1996). Chilisteners’ knowledge of words’ morphological
dren who have just started learning to read antbmposition. Orthographic mismatches be-
only roughly know the spoken names of lettersween target and probe may also slow phonem
are no longer able to separate sound and speatletection. The detection of phonemes that havi
ing (Treiman & Cassar, 1997). As children bea strongly dominant spelling in a given lan-
come more fluent readers/writers, the influencguage can be hampered significantly when the
of orthographic knowledge on speech processctual spelling deviates from the dominant
ing in metalinguistic tasks (such as countingpelling (Dijkstra, Fieuws, & Roelofs, 1995).
sounds in words) increases (Ehri & WilceFor example, in Dutch, /k/ is usually spelled
1980; Landerl, Frith, & Wimmer, 1996; “k,” and sometimes “c.” Dijkstra et al. found
Treiman & Cassar, 1997; Zecker, 1991). that the latter spelling induced a slower detec-
Only a few studies have addressed the issti®en of /k/. The slower response to /k/ spelled
of the on-line effects of orthography on speectc” was clear only for words for which lexical
processing. However, such effects have consiaecess had presumably taken place becaus
tently been found. Some studies have showtheir uniqueness point preceded the /k/ (e.g.
that orthographic inconsistency or mismatch béeplica” vs “paprika”), but was not clear for
tween orthography and phonology can hampether cases (e.g., “cabaret” vs “kabouter”). The
phonological processing. For example, listeneffect was thus considered as mediated by lex
ers’ performance in auditory rime monitoring orical access.
rime judgment tasks is affected by the graphic Other studies have focused on the facilitation
code, although these tasks require, in principl¢hat congruent and/or consistent orthography
only a phonetic judgment (Donnenwerth-Nolangould induce in listening tasks. For example,
Tanenhaus, & Seidenberg, 1981; Seidenberg &uditory lexical decision is facilitated by audi-
Tanenhaus, 1979). It is easier and faster to déesry primes that share both orthography and
cide that “pie” and “tie” rhyme than that “pie” pronunciation with the target (Jakimik, Cole, &
and “rye” rhyme. [That the graphic code isRudnicky, 1985): “chocolate” does not prime
activated during auditory presentation is alstchalk” (and “legislate” does not prime “leg”),
supported by studies using the Stroop effedtut “napkin” primes “nap.” When print and
paradigm with auditory primes (Tanenhaussound are presented in succession, the detectic
Flanigan, & Seidenberg, 1980).] Conflictingof, for example, /a/ is facilitated by the presen-
spelling and pronunciation have been exploitethtion of “A.” [Symmetrically, prior presenta-
by Taft and Hambly (1985) in a different way.tion of audio /a/ facilitates the visual detection
They used syllable monitoring in words with anof “A” (Dijkstra, Frauenfelder, & Schreuder,
unstressed first or second syllable, hence with293).] In line with these findings, Frost, Repp,
reduced vowel in that syllable. Target syllableand Katz (1988) showed that when printed
with a full vowel were “incorrectly” detected in words and spoken words masked by amplitude:
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modulated noise are presented simultaneouslyeletion and retroactive voice assimilation.
the congruence of printed and spoken wordRigault (1967) demonstrated both the acoustic
facilitates the detection of speech in the noiseand perceptual reality of voice assimilation in
Using a speech—print congruence decision tas&uch instances. When listeners had to transcrib
Frost and Katz (1989) further showed that vifets/ excised from /mefd, their judgments
sual or auditory degradation had a less detriwere based on the “sound substance” of the
mental effect in Serbo-Croatian than in Englishdental stop; that is, [t] not [d]. Rigault also
Because the interaction between orthograptshowed that the “fortis” vs “lenis” distinction
and phonology must be structurally more comproposed in earlier studies was not supported b
plex in the case of a deep orthography (Englistgcoustic and aerodynamic measurements. N
than a shallow one (Serbo-Croatian), it might bdifference was found between /t/ in “mhecin”
more efficient for degraded stimuli to be recovand /t/ in “Hauteserve” (/otsv/), contrary to
ered in the latter case. Thus, print may help ithe earlier description offered by Grammont
auditory tasks. In line with this notion, facilita- (1933) of these /t/s being realized a$ (doice-
tory effects of phonology-orthography consisiess “lenis”) and [t] (voiceless “fortis”), respec-
tency have been found not only in visual lexicatively. In these instances of voice assimilation,
decision (Ziegler, Montant, & Jacobs, 1997) buthen, surface phonology and orthography are
also in auditory lexical decision (Ziegler & Fer-incongruent, and interference between the twc
rand, 1998): Lexical decision is faster for wordsnight be observed. Indeed, Rigault implicitly
with an orthographically consistent rime. assumed that when presented with whole word:
The literature reviewed suggests that ther sentences, listeners would base their phoneti
graphic code of words may affect listenersjudgments on what he called the abstract “lin-
phonetic interpretations, even in supposedly omuistic substance” rather than the “sound sub-
line tasks such as phoneme monitoring or audstance” of speech segments. For example, lis
tory lexical decision. However, given the pauteners would claim to hear /d/ in “rdecin”
city of the data gathered so far, certain kepecause the word’s orthographic code contain:
issues need further examination. In particular, itd.” Note that the /d/ percept in this case, and
would be useful to know more about the locuperhaps in most similar assimilation cases,
of these interference effects in lexical accessould also be mediated by a morphophonemic
Does the orthographic-phonetic interferenceode (“melecin” is morphologically related to
emerge only after words are recognized or doémédical,” “médicament,” etc., in which “d" is
it emerge before they are recognized? (For copronounced /d/). Whatever the relevant linguis-
venience, we refer to these lexical loci as postic code, is there evidence that it interferes with
and prelexical, respectively.) In a more detailethe phonetic code during word processing
way, how early in the processing does the ottasks? The literature we briefly reviewed sug-
thographic code begin to interfere with the botgests that it should (also see Dupoux & Mehler,
tom-up phonetic-acoustic information? 1992). To our knowledge, however, evidence of
The present study was a first step towarthterference between the orthographic (or mor-
answering these questions. To explore the issyghophonemic) codes and phonetic perceptior
we needed a clear-cut case of conflict betweamhen subjects listen to such words as”ttee
the phonetic and the orthographic code. Igin” has not yet been presented.
French, voice assimilation is a ubiquitous pho- The current study was designed to fill that
nological change (Carton, 1974; Grammonfgap, using both on-line and off-line tasks to
1933; Rigault, 1967). Typically, voiced stopexplore whether the graphic code can influence
consonants (/b/, /d/, or /g/) become devoicedhonetic judgments and how its effect unfolds
(/pl, I/, or Ik/) when followed by a voicelessover time. We used words in which voice as-
obstruent. For example, “rdecin” (medical similation alters the pronunciation of a conso-
doctor) is pronounced /métsdue to a schwa nant letter. The conflict thus created betweer
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the graphic and the phonetic codes could convas spelled with “b” (e.g., “abscisse” and “ob-
ceivably change phonetic judgments. For intus”). This stop was followed by either /s/ or /t/,
stance, the French word “absurde” is proa context which requires voice assimilation. All
nounced /apsyrd/, although the canonicahese words begin with “ab,” “ob,” or “sub.”
pronunciation of “b” is /b/. This word also hasAccording to word etymology, these initial se-
an underlying morphophonemic code /absyrdfuences were prefixes, with the exception of
because it contains the prefix {ab-}, everabsinthe” and “abside.” Nonlinguists, how-
though many listeners may not recognize it asver, are usually not very aware of this morpho-
such. Thus, for “absurde,” and for most of theogical composition. The 16 critical test words
stimuli used in the present study, the morphoyere matched with 16 control words in which
phonemic code could also interfere with thep/ was spelled with “p” (e.g., “epsilon”) and
phonetic code. For the sake of simplicity, howwas thus unambiguously pronounced [p]. These
ever, we consider the manipulated conflict agvo sets of test and control items were matchec
one between the orthographic and the phonetih subjective frequency, number of syllables,
codes (keeping in mind that the story may b@nd phonological structure (such as syllabic po-
less simple). sition of the labial stop; see Appendix A). They
Although Rigault's (1967) study clearly es-were chosen from an initial set of 48 words,
tablished the acoustic and perceptual reality ghatched in frequency according to the “Soe
voice assimilation in various contexts (withinge |a Langue Framise” (TLF: Imbs, 1971).
and between words), his work is not widelyrhjs initial selection was then narrowed by hav-
known. Therefore, we first attempted to repli1ng 20 participants rate word frequency using a
cate his findings using new spoken materialgcgle of 1-5. Thirty-two words were retained so
After we confirmed that the labial stop in “ab-that subjective frequency could be as closely
surde” is indeed [p], not [b], and is perceived agquated as possible between test and contre
such when extracted from the carrier word, Weems as well as between the /s/ and /t/ contexts
turn to the issue of primary interest: Do listenersne number of syllables in the test items rangec
hear a /b/ in words such as “absurde™? Whethgfom 2 t0 4 (mean= 3.1).
listenersshould hear /p/ rather than /b/ is a A} of the speech materials for the acoustic

different question. Trained phoneticians would,\5|yses and Experiments 1-3 were recorded i
probably report hearing [p], but hearing /b/ is, single session by a male native speaker o

ultimately more helpful to listeners in the NOrcranch on a Denon DTR-100P digital audio

mal process of word recognitiqn be_cquse b/ is}glee recorder using a Sennheiser MD 441-t
better match than /p/ for the linguistic code o

“absurde.” Thus, one cannot truly claim that "To check this, we presented a list of words to 30

hearing /p/ is “correct.” whereas hearing b/ ié)articipants from the same population as those who partic-
t Both int tati ’ flect viabl | gated in the main experiments. The list was composed of
not. Both Interpretations retiect viable analyse ree sets of words: 12 of the 16 critical stimuli of Exper-

of the speech input that meet different needsment 1; 12 words beginning with “ab,” “ob,” or “sub” but
Hearing /p/ requires ignoring the orthographielearly not prefixed (e.g., “abeille,” “subit,” and “obe
code, whereas hearing /b/ reflects a dominafigque”; and 16 clearly prefixed words in the sense their
influence of the orthographic code. Howeverstem was unbound and was semantically transparent (e.g

‘préhistoire” and “dsillusion”). Participants were asked to

before turning to the question of what IIStener?Zte on a scale of 1-5 how confident they were that each o

hear in words such as “absurde,” we must firshese words was prefixed. Words such as “abeille” receivec
ascertain that the labial stop in these words ige lowest scoreNl = 1.4, SD = 0.3), whereas words

[p] rather than [b]. such as “pthistoire” received the highest scori®l (= 4.5,
SD = 0.4).Words such as “absurde” were rated in the low
ACOUSTIC ANALYSES range of “prefixedness"M = 2.2, SD = 0.7): listeners’

. . . . awareness of their morphological structure was much lower
The stimuli examined here were 16 words ifhan for clearly prefixed wordg < .0001, butsomewhat

which a labial stop occurred word-medially anchigher than for monomorphemic words,< .005.
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microphone. The speech was digitized (16-kHpp] rather than to [b] in words such as “ab-
sampling rate and 16-bit resolution) and transsurde.” It is possible, however, that subtler cues
ferred to computer files. to voicing were present in the materials and car
The first evidence of the voiceless quality obe perceived by listeners. One way to examine
the labial plosive in the “bs” and “bt” items wasthis possibility is to present listeners with por-
provided by a visual inspection of spectrotions of the critical stimuli that contain the crit-
grams. No trace of a voicing murmur befordcal labial stop but provide no linguistic cues
release burst could be seen in these items, cdivat could interfere with listeners’ phonetic
trary to other items with unambiguous /b/s (e.gjudgments. This is what Rigault (1967) did to
“abjurer” /aksyre/) in which voicing was clearly demonstrate that the phonetic realization of “d”
marked by a voicing murmur during the closurén “médecin” /met&/ was [t] not [d]. In the
portion of [b]. With respect to this main spectralsame vein, Halleet al. (1998) used phonemic
cue for voicedness, words such as “absurde” dighting task to show that listeners heard [t] in the
not differ from words such as “capsule.” shortest fragments of word-initial /tl/, whereas,
We then examined further possible cues tm the following fragments, their judgments
voicing. In English, vowels are shorter beforeshifted toward [K] (presumably because phono-
voiceless than before voiced plosives (Petersdactic constraints in French allow initial /kl/ but
& Lehiste, 1960; Raphael, 1972; Umeda, 1975not /tl/). We used the same gating technique in
Symmetrically, closure durations are longer foExperiment 1, using items that were excised
voiceless than for voiced plosives (Port & Roportions of the words under scrutiny so that
tunno, 1979; Umeda, 1977). This sort of tradindjsteners were not influenced by lexical infor-
relation between vowel and consonant duratiomation (in particular, orthography) and could
also holds in French (O’Shaugnessy, 1981; Wdecus on the sound substance of the labial stops
jskop, 1979). In the materials used in this study
test and control words (e.g., “absurde” an " -
“capsule”) did not differ with respect to either EXCISED PORTIO!>IS OF A“BSURDE
duration cue, which again points to [p] in words VERSUS "ABJECT
such as “absurde.” The mean duration of the Participants were run on a phonemic gating
vowel preceding the labial plosive was 76 mgask in which the gated items were portions
(SD = 14.8 ms) fortest words (e.g., “ab- excised from entire words, comprising the labial
surde”) and 75 ms¥D = 15.1 ms) forcontrol stop and the following context (e.g., [psyrd]
words (e.g., “capsule”}(28) < 1. The closure excised from “absurde”). Items with clearly
duration was 79 msSD = 14.5 ms) fortest voiced [b]s, excised from words such as “ab-
words and 83 ms¥D = 9.5 ms) for control diquer” or “abject” were included for compari-
words,t(28) < 1. Two control words, “somp- son.
tuaire” /Sptyer/ and “dompteur” /@ptcer/, were
not included in the measurements. The offset dfiethod
the nasal vowels preceding the labial plosives in Stimuli and designEight test items were
these words was difficult to determine, probablgxcised from eight words (“abscisse,” “ab-
because in these cases, unlike those with nosinthe,” “absurdit¢’ “subsequent,” “obtenant,”
nasal vowels, the velum remains open after cldobtusion,” “subterfuge,” “subtiliser”) that were
sure for the first plosive is initiated. Had werepresentative of the set of 16 test words use
taken the first clear evidence of stop closure der the acoustic analyses. (This limitation was
the acoustic offset of the vowel, the vowel dumeant to keep the experiment duration within
ration would be as long as 150 ms and theeasonable limits.) Eight control items from
closure duration as short as 15 ms (seeight new words with the sequence “bj” or “bd”
O’Shaugnessy, 1981, for similar observationspronounced /B/ or /bd/ respectively (“abject,”
To sum up, the acoustic evidence points ttobjectant,” “objurgation,” “subjuguer,” “sub-

XPERIMENT 1: PHONEMIC GATING OF
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jectif,” “abdiquer,” “subdsertique,” “subdi- /b3z/, or /bd/ clusters all are illegal word-ini-
viser”) provided a baseline for the perception ofially. By contrast, phonemic gating for short
unambiguous /b/s. The test items were derivefdagments of either illegal or legal clusters can
from the original words by removing the initial tap into a phonetic level of perception, before
portion up to the middle of the closure silenceperception is possibly biased by phonotactic or
For the control items, this procedure was somdexical knowledge (Hallest al., 1998). Partici-
what complicated by the presence of a voicingants were tested individually. After test com-
murmur before release burst. The initial portiomletion, the experimenter checked the written
of the entire word was deleted until the point ofesponses. In cases where transcriptions wer
maximum spectral stability within the voicingunclear as to their phonetic value, the experi-
murmur portion, roughly maintaining the secmenter asked the participant to clarify them.
ond half of this portion. To avoid a discontinu- Participants.Fourteen undergraduates at the
ity click at stimulus onset, a 20-ms amplitudeUniversite Paris V, ages 20-25 years, partici-
ramp was applied to the initial portion of thosepated in the experiment for course credit. None
items. For all 16 items, the first fragment, orof them reported hearing or speaking problems
gate, contained the initial portion of the signalThe data of two additional participants could
up to 40 ms after the stop release burst. Ther®t be retained: One failed to keep in time with
were a total of eight gates, whose duration initem presentation, and the other only producec
creased by 30-ms steps. The final 4 ms of eadbxical responses in spite of the instruction to
fragment was attenuated by a raised cosingrite transcriptions of the sounds heard rathel
function so that there were no perceivable clickhan guessing words.
at gate offset. The eighth and last fragment thus . ,
included 250 ms of signal after the release burdgesults and Discussion
This fragment comprised the consonant follow- The participants’ gating responses were ana
ing the labial stop (/s/,3l, /t/, or /d/), the fol- lyzed with respect to the consonant reported in
lowing vowel, and part of the following conso-item-initial position: /b/, /p/, or “other.” Figure
nant. 1 shows the percentage of the three types o
The participants received a total of 128 stimresponses according to gate number for the tes
uli (16 items X 8 gates) blocked by durationitems (Fig. 1A) and for the control items (Fig.
(4-s I1SI and 8-s IBI). This format of presenta-1B). Consistent with the findings of Blumstein
tion was used rather than the more standamhd Stevens (1980) on the perception of very
successive presentation format in order to avoshort portions of plosives, place of articulation
perseveration effects in participants’ responsegas already identified correctly at the first
(see Walley, Michela, & Wood, 1995). gate—which comprised 40 ms following re-
Procedure. Participants had to write down lease burst—about 60 to 70% of the time. For
what they heard as precisely as possible arbe test items, /p/ responses dominated from th
give a confidence rating for their transcriptiorfirst gate onward. The percentages of /p/ and /b
on a scale of 1-5. Importantly, in the phonemicesponses stabilized at the third gate, with 90%
gating task, participants are asked to avoidr more /p/ responses. The pattern of response
guessing words (Hdllet al., 1998), unlike in for control items was roughly symmetrical, with
the usual gating task (Grosjean, 1980). The ph&0% or more /b/ responses from the third gate
nemic variant of the gating paradigm should tapnward. The gating data were entered in Gate
the phonetic perception of the critical labial(gates 1 to 8)x Response (/b/ or /p/X Item-
stops and is less likely to be biased by lexicalype (test or control) by-subject and by-item
effects. Moreover, word responses, as obtaingfNOVAs. There was a Respons¢ ltem-type
in the classic gating paradigm, could not resuinteraction,F1(1, 11)= 775.3,p < 0.0001,
in /b/ transcriptions of the initial consonant ofF2(1, 14) = 1139.9,p < .0001, reflecting
either test or control items, since the /bs/, /btthe fact that responses were mostly /p/ in the tes
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A EXPERIMENT 2: DETECTION OF /b/ VS
100 e J.i'..//ogeo/;,‘[ /p/ IN “ABSURDE” VS “CAPSULE”"
P i
% 80 o h o In this experiment, listeners were auditorily
B 60 [ Se— presented with the test and control words usec
gw L in the acoustic analyses (e.g., “absurde”
e | x other i /apsyrd/ and “capsule” /kapsyl/). Two condi-
20 [ by tions were contrasted. In one condition (with
0 I ° ' ?ni?i.;g g 9y stimuli such as “absurde”), sound and spelling
Gl G2 G3 G4 G5 G6 G7 GS were incongruent. In the other condition (with
stimuli such as “capsule”), they were congruent.
B If listeners base their decision on the phonetic
100 - P ) value of the labial stop contained in the stimuli,
PP I S L A they should detect /p/ rather than /b/ in “ab-
g surde” as well as in “capsule.” Conversely, if
§,6° s listeners are influenced by the spelling, they
&: L should detect /b/ in “absurde” but not in “cap-
s r sule.”
20 | /.p/. X
o bty ¥R D Method
Gl G2 G3 G4 G5 G6 G7 G8

Stimuli and designThe 16 critical test words
and the 16 control words were those used in the

FIG. 1. Experiment 1: percentages of /b/, /p/, and “otherpreceding acoustic analyses. Their mean fre
responses according to gate number for (A) test items (*bgjuency, according to the TLF, was 62. Another
or “bt” items) and (B) control items (“bj” or “bd” items). 64 words were included, half of which con-

tained /b/ and the other half /p/ in word-initial or

items and mostly /b/ in the control items. Thisword-final position (mean TLF frequency 77).
was significant from the first gate onwardFinally, 192 filler items contained neither /b/
Moreover, the dominance of /p/ responses inor /p/ (mean TLF frequency 79). The total
test items did not differ from that of /b/ re- number of items was thus 288.
sponses in control itemd;s < 1. Gate was  This set of 288 items was split into two test
highly significant, presumably because of thésts of 144 items, maintaining as much as pos-
sharp increase of responses in the first few gateible in each list the proportions and character-
for /p/ in the test and /b/ in the control itemsistics of the various types of items. Target as-
However, responses stabilized from Gate 3 orsignment to list (/b/ or /p/) was counterbalanced
ward and did not change after that gate, a®0 that participants heard each item only once
analyses limited to Gates 3—8 showed. Half of the participants first had to detect /b/ in

The results thus showed that listeners heaahe list then /p/ in the other list. The order of
/p/ rather than /b/ in “absurde,” provided thatargets was reversed for the remaining partici-
the labial stop was presented without lexicgbants.
context. This was consistent with the acoustic A distractor list was constructed for the /f/
measurements, which also suggested that tterget. It contained 24 target-bearing items in
sound substance of the labial stop was [p]. Imitial, medial, and final position and 48 non-
words such as “absurde,” however, the orthdarget-bearing fillers. This list was inserted be-
graphic code for the labial stop is “b,” whosetween the two test lists. Its purpose was to make
canonical pronunciation is /b/. If this code in-less apparent the noncanonical pronunciation o
terferes with phonetic perception, listenersb” in the “bs” and “bt” items of the test lists.
might hear /b/ rather than /p/ in “absurde.”  The two test lists and the distractor list were

Gate Number
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preceded by a practice list containing 36 items: TABLE 1
12 Words b??"’ing the targ.et M ininitial, .medi.ali Detection Rate and RT in Experiment 2 as a Function of
or final position, and 24 filler words which did Target (/b/ or /p/) and Stimulus Type
not bear the /t/ target. _

Participants. Sixty participants from the Stimulus type
same population as in Experiment 1 were tested.

f them reported a hearing difficulty or Test Control

None o : p g y aTarget (“absurde”) (“capsule”)
spoken or written language problem.

Procedure and apparatufarticipants were jpy % detection  89.8% (9.4) 27.9% (18.4)
tested individually in a sound-attenuated booth. RT 759 ms (77.4) 706 ms (234.6)

% detection 58.8% (18.7)  95.4% (5.2)

They were presented with the stimuli via jpy
RT 637 ms (111.2) 676 ms (82.6)

Sennheiser headphones at a comfortable listen-
ing level with an interstimulus interval of 1.8'S =gy jtem standard deviations are in parentheses.
(offset to onset). They were told that they would

have to make a speeded detection response to

target phonemes by depressing a Morse kdlian 100 ms were removed from the RT analy-
with their preferred hand. It was emphasizedis. This criterion was based on the examinatior
that the participants’ task was to detect sounds the overall distribution of RTs: mean 756
not letters. To explain the difference betweems, median= 680 msSD = 346 ms; it was set
sounds and letters, examples were given thalose to mediant+ 2 X SD (1373 ms). Using
illustrated one-to-many orthography—pronuncithis criterion, 6% of the RT data were discarded.
ation correspondences (e.g., “s” for either /s/ din the participant analyses of detection rate, the
[zl “esprit” /espri/ or “asile” /azil/) and vice full design was List-assignment (to target)
versa (e.g., /z/ for either “z” or “s”: “azur” /lazyr/ Target-orderx Target (/b/ or /p/)X Letter (“b”

or “asile” /azil/). Participants were warned thabr “p”) X Context (/s/ or /t/). In the item anal-
targets could occur anywhere in the carrieyses, List replaced List-assignment to target.
words. For each list, the target was specifieRTs were submitted to a simplified ANOVA
auditorily with word examples in initial, medial, design (see below).

and final position using a standard format of List, List-assignment to target, and Target-
specification. For example, /t/ was specified iorder had no significant effect on detection rate.
the following way: “te” as in “tennis,” “an- Context had no significant effect. As can be
tique,” or “baguette” (“te” was pronounced /tce/seen in Table 1, the detection rate of /b/ was
/cel being the French vowel closest to schwajather high across the board. However, it was
The presentation of stimuli and of oral instrucmuch higher in words such as “absurde” than in
tions was controlled by a microcomputer interwords such as “capsule”; that is, when /p/ cor-
faced with a digital-to-analog converter. Theesponded to the letter “b” rather than to the
computer collected reaction times (RTs) medetter “p.” Conversely, the detection rate of /p/
sured from the release burst of the plosive tawas much higher when /p/ occurred in “cap-
gets /b/, Ip/, or It/ or from the acoustic onset ofule” than in “absurde.” This was supported
the fricative target /f/, as estimated from speddy a significant Targetx Letter interaction,

trograms. F1(1,56)= 245.3,p < 0.0001;F2(1,24)=
248.1,p < .0001, andconfirmed by planned
Results comparisons. Moreover, /b/ was detected more

Detection rates and RTs are summarized ioften than /p/ in “absurde,” whereas /p/ was
Table 1. The detection rate and RT data werdetected more often than /b/ in “capsule.” All
entered into analyses of variance. For the detettiese differences were highly significant, in
tion rate data, no responses were discardegeneral at thegp < .0001level. To sum up, the
However, RTs longer than 1400 ms or shortedetection rate results suggested that participant
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were largely influenced by the graphic codes alid not differ in the detection rate of /b/ in “b”
the words. However, participants did not simplyvords. They differed, however, in the detection
rely on orthography while ignoring soundsyrate of /p/ in “b” words, which was highest for
since they were able to detect /p/ in “absurdefast participants and lowest for slow partici-
almost 60% of the time. pants. This was supported by analyses of the
For RT analyses, three of four cases wereorrelation between RT and detection rate. Fol
examined: detection of /b/ and of /p/ in “ab-/b/in“b,” individual mean RTs did not correlate

surde” and detection of /p/ in “capsule.” (Thewith detection rater(58) = —.09,p = .56,
detection rate of /b/ in “capsule” was too low tobut for /p/ in “b,” they correlated negatively,
undertake reliable RT analyses.) In the follow!(58) = —.26,p < .05.

ing, we refer to those three cases as /b/ in “b,” We also checked whether detection rates an
Ip/in“b,” and /p/ in “p.” As Table 1 shows, RTs RTs for /b/ and /p/ in “b” words correlated with

to /b/ in “b” were about 100 ms longer than RTSSUPjective frequency. There was a marginally
to /p/ in either “b” or “p.” These differences significant trend for /p/ to be detected less often

were significant at least at tipe< .001level in in more frequent words;(14) = _,'4|8’_ p=
both participant and item analyse®Ts to /p/ .057, and /b/ wadetected more rapidly in more
frequent words,r(14) = —.57, p < .05.

were not significantly longer in “p” than in “b”
words,F1(1,56)= 1.4,p = .24;F2(1,28)=
1.5,p = .22. Inother words, RTs to /b/ were
consistently longer than RTs to /p/.

(Similar but nonsignificant trends were found
for the objective frequencies from the TLF.) No
other correlation approached significance. In

rticular was n more often in
The above analyses were conducted on tk?ea ticular, /b/ was not detected more ofte

dat led I ticinants. A . more frequent words. Hence, these analyse
ata pooled across al participants. As Varlou(§nly provided mixed support for the notion that
studies have shown, however, it could be th

; . , . 3he observed effects were modulated by lexica
the effects are restricted to “slow” subjects Ofrequency

slow responses (Dupoux, 1993; Fox, 1984). A
“speed” analysis was thus run by partitioningdiscussion

participants according to their mean speed of Thjs experiment showed that French listeners
performance into equal-sized subgroups Qxnipit a strong tendency to detect /b/ rather
slow,” “medium,” and “fast” participants. The than /p/ in “b” words such as “absurde” al-
main patterns observed in the pooled data hejflough these words are pronounced with a [p]
in all three subgroups: /b/ was detected morens finding establishes the basic framework of
often in “b” than in “p” words and RTs were the present study: a robust case of orthographi
longer for /b/ than for /p/ in “b™ words by about influence on phonetic perception.
100 ms in all three subgroups. The subgroups The rate of false positive responses for /b/ in
Because miss rate was relatively high—especially illihe Cont.rOI words (e.g., “CapSUIe"), was rather
the /p/ in “b” case—and the number of items involved inNigh. This could be due to the dominance of [p]
each cell was small, there were many missing values in trearrier words (counting “absurde” as such) in
full design of the participant data [List-assignmentTar- the materials. Enhanced expectation of /bl
get-orderx Case (/of in *b,” /p/'in *b,” or /p/ in "p") X \yqy|d increase the false positive rate for /b/.

Context (/s/ or /t/)]. However, pooling the data across th . L N
Context variable (/s/ or /t/ right context) made the number oj—he hlgh rate of /b/ detection in CapSUIe could

missing values reasonably low: Four participants missed tfRISO indipate that th? Ibl=Ip/ Contrff‘St is intrinsi-
Ipl in “b” value, and another one missed the /b/ in “b” valuecally difficult, especially perhaps in word-me-
thus, only five values were missing out of 180 (2.8%). Welial position. At any rate, the important out-

took the conservative option of replacing each missin%ome of Experiment 2 is that /b/ was detected
value in a participant’'s data by the average of this partici- o " o B
pant’s other data. (This option can only weaken the differ[nUCh more often in “absurde” than in capsule
ences between the three detection cases.) There were (&Q% S 28%)-

missing values in the full design item analysis. For “absurde,” the /b/ responses, which were
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presumably induced by the orthographic codehan /p/ after the initial sequences /al, /and
were significantly slower than the /p/ responsesgsy/ that appeared at the onset of the test words
Moreover, /p/ detection was distributed in theCounts using the BRULEX database (drawn
faster range of responses, suggesting it wéom the TLF) do not support that hypothesis,
based on a more immediately available phonetltowever. There are about the same number o
code. It is possible that detection of /b/ in “abwords beginning with “ab,” “ob,” and “sub”
surde” engaged a linguistic level of representg341) as words beginning with “ap,” “op,” and
tion that became available after or at lexicatsup” (329). The cumulative frequency of the
access, whereas detection of /p/ reflected a phlatter, where “p” is always pronounced /p/, is
netic level of processing that occurs before 1x365,679, whereas that of the former is 290,926
ically driven representations, including theofwhich only 176,553 have “b” pronounced /b/.
graphic code, could exert an influence. Thislence, there is no general advantage for /b
account is in line with the data of Dijkstra et al.over /p/ based on lexical statistics after the
(1995), which suggest that phoneme detection isitial sequences /a/pl, and /sy/. The findings
biased by a word’s orthographic code onlof Experiment 2 must thus reflect the influence
when the phoneme occurs after the uniquenes$ deeper sources of knowledge, such as the
point. orthographic representation of specific words.

However, there was little converging evi-Still, when in the process of lexical access do
dence that the detection of /b/ in “absurde’such influences emerge?
engaged complete lexical access, from which In the next experiment, we used the phone-
the orthographic code was retrieved. First, theic gating task to address this question. As
influence of lexical (subjective or objective)Hallé et al. (1998) have shown, this variant of
frequency was not clear-cut. Indeed, whereas /file gating paradigm provides information about
tended to be detected more often in less frequethte time course of phonetic perception for non-
“b” words, /b/ was not detected more often inwords. The data at each gate give a snapshot ¢
more frequent “b” words. This is only partly inthe relative perceptual salience (or, perhaps
line with the notion that the influence of theactivation level) of the various phones that lis-
graphic code available from the lexicon inteners hear. The novelty, here, is to use tha
creases with lexical frequency. Second, on paradigm to trace the possible influence of
strictly postlexical account, the representationisigher level information on phonetic process-
activated after lexical access, such as theg. Contrary to Experiment 1, where excised
graphic code, should emerge rather late relatiy@ortions of words were used (e.g., /psyrd/), the
to the auditory words. Consequently, the detegating must now involve the entire words (e.g.,
tion rate of /b/ in “absurde” should be highest if‘absurde”) in order to let lexical information (in
the slow range of response times. But such wamrticular, the graphic code) exert an influence.
not the case. To sum up, the postlexical natuM/here in the “b” words would listeners begin
of the orthographic effect we found is morereporting that they hear /b/ rather than /p/? Or,
clearly suggested by the fact that the responseswever unlikely, would they fail to report /b/s
reflecting a linguistic level of processing (the /bat all, even when presented with a sufficiently
responses) were consistently slower than thoseng fragment for a “b” word to be recognized?
reflecting a phonetic level of processing (the /pExperiment 3 was designed to shed light on this
responses). issue.

Rather than resulting from the access to a
single word or, perhaps, a single morphologicaEXPERlMENT 3: PHONEMIC GATING OF
family, the high detection rate of /b/ in “b” THE ENTIRE STIMULI
words could reflect general aspects of phonemic When listeners detect /b/ in “absurde,” they
composition in the French lexicon. That is, /bmust base their detection on a linguistic level of
might occur more frequently or in more wordsrepresentation, presumably an orthographic
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code. How does the interference of the graphiage). This vowel (e.g., /y/ in “absurdijewas
code with the bottom-up phonetic-acoustic inthe morphological family uniqueness point
formation unfold over time? Does the graphi€UP) for six test words and for the eight “bj” or
code build up and influence phonetic perceptiofbd” control words. For the two remaining test
only after words are recognized? To address thigords, “abscisse” and “obtusion,” the UP was
issue, a phonemic gating test was conducted dime consonant following /i/ and /y/, respectively.
the “bs” and “bt” words used in Experiment 1.For the “ps” or “pt” control words, the UP was
This variant of the gating paradigm was chosethe next consonant after /p/. Therefore, the long-
to avoid overestimating lexical influences orest fragments listeners heard were portions o
phonetic judgments. As in Experiment 1, “bj"words from word onset and in general up to UP
and “bd” control items were included to provide(slightly beyond for the “ps” or “pt” controls,
a baseline for how consistent /b/s (i.e., /b/s islightly before for “abscisse” and “obtusion”).
agreement with the spelling “b”) are perceived. Participants received a total of 160 stimuli
In addition, “ps” and “pt” control items such as(20 items X 8 gates) blocked by duration (4-s
“rhapsodie” were also included, providing an4Sl and 8-s IBI). Each block contained 20 items
other baseline for consistent /p/s. in a random order differing from block to block.
Participants. Fifteen participants from the
Method same population as in Experiments 1 and 2 were
Stimuli and designThe 16 words from which run.
the test and control items of Experiment 1 had ProcedureThe procedure was the same as in
been excised were used in their entirety. FolExperiment 1. The instruction to avoid guessing
control words with the “ps” or “pt” sequence inat words was stressed so that the task itsel
which “p” was pronounced [p] were added asvould not elicit a lexical strategy. Lexical in-
control items for the perception of consistenfluence on phonetic judgments was nonetheles
Ip/s: “rhapsodie,” “autopsie,” “cleptomane,”expected to emerge as soon as sufficient infor
and “Neptune.” (These words were also used imation had been presented for words to be
Experiment 2.) For all 20 words, the first gateecognized.
contained the initial portion of the word until
the point of maximum spectral stability in the
vowel preceding the labial stop under scrutiny. The gating responses were analyzed as i
For example, the first gate for “subterfuge®Experiment 1 with respect to the consonant
Isypterfy 3/ was /sy/, with roughly the first half reported for the critical labial stop: /b/, /p/, or
of the /y/ vowel. There were a total of eight“other.” Figure 2 shows how the percentages of
gates, whose duration increased by 40-ms steppsese three possible responses changed ov
The last gate thus included 280 ms more thaime for the test (Fig. 2A) and control items
the first gate. The final 4 ms of each fragmentFigs. 2B and 2C). The pattern of responses fol
was attenuated as in Experiment 1 to avoithe “bj” and “bd” control items was similar to
clicks at gate offset. that obtained in Experiment 1, but the correct
Importantly, the synchronization between thédentification of place emerged only at Gate 3.
main phonetic events in the stimuli and thdndeed, the release burst appeared only at Gat
gates was relatively homogeneous across stim-in the present experiment, whereas it was
uli. The release burst of the critical labial stoppresent at Gate 1 in Experiment 1. Nevertheless
occurred at the end of Gate 4. It was immedithere was sufficient coarticulatory information
ately followed by the fricative /s/ o3/ in “bs” in the vowel preceding the labial stop for place
or “bj” items. In “bt” or “bd” items, the release to be identified before release burst. From the
burst of /t/ or /d/ occurred at the end of Gate 6fourth gate onward, there was a large majority
The eighth (last) gate contained a substantiaf /b/ responses (75% or more). For the “ps”
part of the following vowel (100 ms on aver-and “pt” control items, the opposite pattern ob-

Results and Discussion
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A (Gates 5-8)x Response (/b/ or /p/X Item-
100 = | type (test, “b” control, or “p” control) by-sub-
g8 o, T ject and by-item ANOVAs. (“Other” responses
Se0 °the' ST were negligible in the Gates 5—8 portion.) There
Bao | e g s was a significant Gate Response interaction
R [ e RIS : for test itemsF1(3,42) = 16.4,p < .0001;
0 o e e F2(3,21)= 5.3,p < .01, but not forcontrol
items. Whereas /b/ and /p/ responses ap
Bm gm0 proached or stayed at ceiling level for “b” and
o L ,./,./.f’/ L “p” control items, respectively, /p/ responses
gm P aother o i substantially decreased and /b/ responses ir
8 T creased for test items. To sum up, whereas /p
;540 LA responses for test items were dominant at Gat
2 r S 5 (which only contained the initial portion of the
0 — Tyt labial stop release burst), they began to decreas
C from this gate onward to the benefit of /b/ re-
100 -y e ; sponses, which eventually outnumbered /p/ re:
goo [ * L | sponses at Gate 8.
éﬂ, i T | Experiment 3 served to uncover the time
S| . Erm— } course of the orthographic effect found in Ex-
O e periment 2 for “b” words. In the early gates,
0 g o= 0o ’; S 4 listeners rarely reported a labial stop. The avail-
Gl G2 G3 G4 G5 G6 G7 G8 able acoustic information was presumably not
Gate Number sufficient for hearing a labial stop. From the

FIG. 2. Experiment 3: percentages of /b/, /p/, and “other‘Ih”:d gate Oh, howe\_/er, ,there was SUﬁI.CIem Co-
responses according to gate number for (A) “bs” or “bt” tes@fticulatory information in the speech signal for
items, (B) “bj” or “bd” control items, and (C) “ps” or “pt” listeners to identify the upcoming stop, not only
control items. with the correct place of articulation but also

with the phonetically correct voicing. This is
tained: A large majority of /p/ responses apeonsistent with the findings of Warren and
peared from the fifth gate onward, which wadarslen-Wilson (1987, 1988). Coarticulation
somewhat later than was the case for /b/ resauses phonetic cues to be distributed and al
sponses for the “bj” and “bd” items. Participantdows listeners to anticipate upcoming articula-
eventually heard /p/ in “autopsie” msi/ and tory-phonetic events. Up to Gate 5, which in-
/bl in “subjuguer” /sylyge/ and did not change cluded an average of 50 ms following the labial
their judgments afterward. stop release burst, /p/ responses outnumbere

The pattern of responses for the test item#/ responses, and the listeners’ responses pr
was strikingly different, as Fig. 2A shows. Cor-sumably reflected phonetic perception. From
rect place of articulation emerged at Gate 3Gate 6 onward the pattern of responses gradu
together with phonetically correct voicing. Theally reversed until /b/ responses became domi
phonetically motivated /p/ responses reachedrant at Gate 8. This finding suggests that the
maximum at Gate 5 (72%) then decreased draesponses were increasingly influenced by lin-
matically, reaching 35% at the last gate. Theuistic information as longer word fragments
percentage of /b/ responses symmetrically irwere presented.
creased from 27% at Gate 5 to 65% at Gate 8. These results are consistent with the detec

The gating data from Gates 5-8 (Gates 1-#on data of Experiment 2, which showed that
mainly showed the emergence of /b/ or /pthe graphic code strongly interfered with pho-
against “other” responses) were entered in Gateetic perception. Experiment 3 provides an in-
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dication of the time course of this interferencepnly 6% at Gate 5 then gradually increased to
insofar as the increasing rate of /b/ responsé®% at Gate 8. This is well below the size of the
reflects the extent to which the graphic code wasrthographic effect found in the phonemic gat-
building. But do these data tell us somethingng task, in which /b/ responses for the “b”
about the prelexical versus postlexical locus ofiords increased from 27 to 65%. It is thus
the interference effect? Earlier studies, such aslikely that the graphic code inducing /b/ re-
that of Dijkstra et al. (1995), have suggestedponses emerges only after a word (or at least
that the orthographic code for auditorily pre-any member of its morphological family) has
sented words emerges and interferes with th®een recognized. In other words, the ortho-
phonetic code only after words are recognizedyraphic effect found in Experiments 2 and 3 is
The present data suggest that the orthographiot strictly postlexical. However, the effect
code emerged quite early (from Gates 5 and €ould be lexical in the sense that it is induced by
onward), before the UP was reached. Indeed, the word candidates conceivably engaged in the
test words such as “absurde,” the UP was eithenechanism of lexical access. In the classic gat
the vowel following /s/ or /t/ or the next conso-ing task, listeners frequently reported incorrect
nant; that is, the UP was not reached beforguesses (e.g., “abstinence” for “abscisse”)
Gate 7. This finding could suggest that the omwhich were nonetheless consistent with both the
thographic code emerged before the words wepgonunciation and the spelling of the target
recognized. However, there is some doubt aboitems. The percentage of all such word candi-
the relevance of theoretical UP locations (i.e., idates that were consistent with both /p/ and “b,”
terms of phoneme locations) in predicting wordvhether correct or incorrect guesses, becam
recognition. In particular, because phonetigizable at Gate 5 (44%) and reached a ceiling o
cues are distributed and allow listeners to anti®@5% at Gate 6. The orthographic effect found in
ipate phonetic segments, words may be recogxperiment 3 is thus more likely induced by the
nized before their theoretical UP. entire set of the words with /p/ spelled as “b”
To conclude that the orthographic codehan by the subset of words considered as cor
builds up prelexically, we need more concretgect guesses. In other words, the interference
data indicating when the words under scrutingffect does notfollow word recognition, but
are actually recognized, and thus their specifignfolds on-line with the word recognition pro-
linguistic code becomes available. The classigess.
gating paradigm (Grosjean, 1980) can be used The latter account is consistent with a cohort-
for this purpose to determine the amount ofke view (Marslen-Wilson & Welsh, 1978;
bottom-up information that is necessary to acvlarslen-Wilson, 1987). On this view, each
tually recognize such words as “absurde.” Wegated stimulus activates a set of phonetically
thus ran 10 participants on a classic gating tasfompatible words. For each gate, the ortho-
using exactly the same stimuli as in Experimergraphic codes of the currently activated cohort
3 in order to find out whether the /b/ responsesf words are available and can influence pho-
in Experiment 3 were determined postlexicallyetic perception. For example, before sufficient
or emerged prelexically. The mean word idenacoustic information is presented to guess “ab-
tification rate for items such as “absurde” wassyrde” (or any word of the same morphological
® The criterion used to accept a response as correct W&@m"y) but as soon as /s/ is heard, the C(?hort o
quite liberal: Responses had to be words of the same moiOrds reduces to words such as “abstinence
phological family as the words that had been presented. Fand “abscisse,” which all share the “b” spelling
examp'eoi }’VofF'Sb 5“fé‘_f:%‘;abrf;:gﬁ"Of:f;gc;f‘iso‘:gd?Crz:*][‘:r'nwefﬁr Ip/. Even when the task is phonetic tran-
ﬁ‘;(\:/:/eg;eraﬂ?;r?)rs:d.lFor :xample| “subtiII3 andg“subtiliser”Sfcnptlon rgther thf’m Word—guessmg, cohort ac-
were considered as belonging to the same family and likdlvation might be irrepressible. As soon as the
wise for “objet,” “objectif,” “objectant,” or “objecter.” words in the currently activated cohort strongly
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favor the “b” spelling, it could start biasingto the “b” words of Experiment 2 (e.g.,
phonetic transcriptions toward [b]. lapsgril); these were the test items. Likewise,
So far, the arguments that the orthographithere were 16 control items similar to the “p”
effect is not strictly postlexical (i.e., does notwords of Experiment 2 (e.g., /rapselyg/). All of
arise from access to specific lexical items) buhese test and control items were three syllable
rather emerges in synchrony with the lexicalong. They were otherwise matched with re-
access mechanisms are based on gating dataspect to phonological structure (see Appendix
the case of nonwords with an initial illegalB). The deviation point (DP) of these 32 test
cluster (Halleet al., 1998), the data obtained initems (the phoneme where they departed from :
the phonemic variant of the gating paradignpossible word) was either the vowel after /ps/ or
seem to illustrate phonetic processing as it urpt/ or the consonant following that vowel. That
folds over time. The phonemic gating data fronis, the DP occurred two or three phonemes afte
Experiment 3, however, were obtained for legahe labial stop to be detected. Another 48 non-
words and could reflect postperceptual off-linevord items were used, half of which contained
judgments; that is, judgments based on corb/ and the other half /p/ in word-initial or -final
scious guesses. We thus resorted to a mopesitions. Finally, 140 filler items contained
on-line task to examine further the locus of theneither /b/ nor /p/. The number of syllables in
interference effect we found. In the next experthe nonwords other than test and control items

iment, we used a phoneme monitoring task withanged from 2 to 3 (meas 2.7). The total

a set of nonwords that mimicked the previousumber of items was 220.

test and control words in that they could activate This set of 220 items was split into two test
similar cohorts of “b” and “p” words, respec-lists of 110 items, maintaining as much as pos-
tively. sible the same proportions and characteristics o

_ the various types of items in each list. The same
EXPERIMENT 4: DETECTION OF /b/ VS design as in Experiment 2 was used. Targe

/pl IN /apseri/ VS Irapselyg/ assignment to list and target order were coun:

This experiment was designed in the samierbalanced so that each participant heard eac
way as Experiment 2, but used nonwords intem only once for the detection of either /b/ or
stead of words. A set of nonwords beginnindp/ in either the first or the second list he or she
with the phonetic sequence [apsdpE], [opt], received. The two test lists were preceded by ¢
[syps], or [sypt] replaced the “b” words (testtraining list containing 27 disyllabic nonword
items) used in Experiment 2 (e.g., /apsgri/ paitems: 9 bore the target /k/ in initial, medial, or
alleled “absurditd. Likewise, a set of non- final position and 18 were non-target-bearing
words replaced the “p” words (control items) byfillers.
maintaining the initial phonetic sequence up to The nonwords were recorded by a male na-
/sl or 1t/ (e.q., Irapselyg/ paralleled “rhapsodie”)tive speaker of French, using the same appare
The nonwords were thus structurally similar tdus as for Experiment 2. They were digitized
the words used in Experiment 2. If listeners arél6-kHz sampling rate and 16-bit resolution)
biased to detect /b/ in nonwords such as /apsgéhd transferred to computer files. The voiceles:s
but not in /rapselyg/, a prelexical account of theuality of the labial plosive in all the test and
mechanisms at work for structurally similarcontrol items was assessed by visual inspectiol
words would be supported. Conversely, if lisof spectrograms. No voicing murmur could be
teners only detect /p/, not /b/, a postlexical acsbserved during the closure portion.
count would be supported. Participants. Forty students from the same
population as in Experiments 1-3 participated
Method in the experiment for course credit or voluntar-

Stimuli and designAll the stimuli were non- ily. None of them reported any hearing diffi-
words. Sixteen of them were structurally similaculty or spoken or written language problems.
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TABLE 2 based on the overall distribution of RT values
Detection Rate in Experiment 4 as a Function of Target(mean: 837 ms, mediar= 760 ms,SD = 324
(/b/ or /p/) and Stimulus Tyge ms; median+ 2 X SD = 1408 ms); 6.1% of

' the RT data was thereby discarded.

Stimulus type List, List-assignment to target, and Target-

- order had no significant effect on detection rate.
est Control . .

Target (lapsril) (rapselygy ~ context (/s/ vs /t/ following /p/) had no signif-

icant effect overall. False positive detection rate
jp % detection  53.8% (21.1) 25.0% (14.4) of /b/ was higher in test items, such as /apsgari/
E*T - 858 ms (154.3) 921 ms (202.1) than in control items, such as /rapslyg/. Con-
Ff’TdeteCt'O” 7%; /; 835411) 7?63 nf’s(ég’)s)) versely, correct detection rate of /p/ was lower
i ~ in test than in control items. This was supported
2 By-item standard deviations are in parentheses. by a significant Target< Item-type (test vs
control) interaction,F1(1,36) = 69.7,p <
.0001; F2(1,24) = 56.0, P < .0001, and
Many of them reported that the task was quitgonfirmed by planned comparisons significant
difficult. This was perhaps due to the fact that thep < .0001level (54%> 25%) or at the
nonwords were used. The data of eight addp < .0005level (84%< 96%). The pattern of
tional participants were not retained for analysigesults was thus similar to that obtained with
because the detection rate in the presumablyords in Experiment 2: Listeners detected /b/ in
easy experimental conditions (detection of /p/ ifonwords such as /apseri/, just like they de-
test and control items) was below 50%, whichected /b/ in words such as “absurde” /apsyrd/.
we considered too low to provide meaningfubowever, the effect was more modest in Exper-
results. iment 4, as can be seen by comparing Tables |
Procedure and apparatudhe same appara- and 2. For instance, /p/ was detected more oftel
tus and procedure as in Experiment 2 were useghan /b/ in Japseri/, unlike in Experiment 2,
except that participants were told that theyyhere /p/ was detected less often than /b/ i
would hear nonwords. For each list, the targegpsyrde.”
was specified auditorily with word examples in  The data for the detection of /b/ in control
initial, medial, and final position using the samgiems (e.g., /rapselyg/) were not used in the RT
format of specification as in Experiment 2. Fopnalysis because the detection rate was too lo
example, /k/ was specified in the following Way'(250) to undertake reliable analyses. As in Ex-

/kce/ as in “court,” “eu,” or “antique” (/kur/, heriment 2, only three of four cases were thus

leky/, and T&k/, respectively). RTs were Mea-examined: detection of /b/ in test items, of /p/ in
sured from the release burst of the plosive taggg; items, and of /p/ in control items. Target-

gets /b/, /pl, or /k/. order, List-assignment to target or List, as well
Results and Discussion as Context (/s/ vs /t/) had no _signifigant effect.
) ) As Table 2 shows, RTs to /b/ in test items were
Detection rates and RTs are summarized iyt 8o ms longer than RTs to /p/ in either test
Table 2. Because this experiment exclusively, .o items. These differences were signif-
involved nonwords, the detection of /b/ in both4 ¢ in both the participants and items analyse:

the test and control items could be considered :
< .01 andp < .05, respectively). RTs to
false positive and the nondetection of /p/ a miss(?) P P V)

The detection rate and RT data were analyzed in" Miss rate was relatively high for the detection of /b/ in
the same way as in Experiment 2. Whereas dfst items, and the number of items involved in each cell
h . . was small. Hence, there were many missing values in the
of the resppnses were included in the detecthnn design of the participant data. As for the analyses in
rate analysis, RT values below 100 ms or aboV&periment 2, the data were pooled across the Contex

1400 ms were excluded from the RT analysigariable. This made the number of missing values reason

Ip/
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/pl in test and control items did not significantlyof false positive detection for /b/ in test than in
differ (ps > .1). Thus, as for words in Experi- control items. Indeed, for the control nonwords
ment 2, RTs to /b/ were consistently longer thafe.g., /rapselyg/), the orthographic code in the
RTs to /pl. cohort of “p” words was always congruent with
Did the effects depend on the participants/p/ and thus did not interfere with the phonetic
speed of performance? That is, were the olgvidence for /p/. By contrast, for the test non-
served effects limited to, for example, slowwords (e.g., /apsari/), the orthographic code of
responders? The answer is a clear “no,” basde “b” words in the activated cohort was con-
on speed analyses similar to those conducted @iuent with the phoneme /b/ and could interfere
Experiment 2 in which participants were partiWith the phonetic evidence for /p/, inducing
tioned into groups of 13 “fast,” 14 “medium,” more /bl responses than in the case of contro
and 13 “slow” responders. The main patterngonwords. As for the time course of cohort
observed in the pooled data held in all thre@ctivation, the cohort activated by the test non-
subgroups: /b/ was detected more often in te¥{ords mainly comprised “b” words when /s/ or

than in control items, and RTs were longer fof in /ps/ or /pt/ had been identified then nec-
/bl than for /p/ in test items (or /p/ in control?ssa”ly vanished after the DP was reached. Th

items) by about 80 ms in all three subgroupdnfluence of the “b” cohort on phonetic percep-
However, as a correlation analysis revealed, tfPn should thus decline over time. Hence, the
detection rate for /b/ in test items was negativel etection rate of /b/ in test _nonwords ;hould be
correlated with the mean latency of such reOWer for longer RTs. This expectation was

sponses;(38) = —0.375,p < .05. (Noother supported by the negative correlation found be-

significant correlation was found.) In otherf[Ween detection rate and response latency for /t

i - - .jn /apsari/.
words, the “bias” toward hearing /b/ in /apszrl}n .
was more pronounced in faster responses. The longer RTs for the detection of /b/ than

Together, the results suggest that the sarr?é /pl in test items such as /apsgri/ can be

kind of effect found for words in Experiment 2explamed bY thg mterference between a pho
netic and a linguistic code. On a cohort activa-
also emerged for nonwords, although to a lesser .
. jon account, the latter code could be either
extent. Moreover, the orthographic effect seems . . .
to arise on-line during processing, a possibilit raphic or morphophonemic, generated via the
: gp >Ing, a p ctivation of a cohort of words compatible with

that the gating data of Experiments 3 had le

: ! e available phonetic input. An interesting al-
open. Does this necessarily mean that the o b P 9

d effect t lexicall tivated? Th ernative account is that morphological decom-
served etiec lwas no dexma é’ motivated: osition may be tentatively performed prelexi-
test or control nonwords used in Experiment ally. For instance, as soon as an utterance

were chosen so that their beginnings were pheg ging with the sequence [ap] or [ab] followed
netically compatible with either "b” words or "5 consonant, listeners may extract the prefi
p” words, respectively. Therefore, it was POS1ab.}, even though the upcoming speech se-

sible that, at some point in time, test nonwordgence does not easily lend itself to a transpar
activated a cohort of (mainly) “b” words, gnt stem.

whereas control nonwords activated a cohort of \whatever the correct account. the fact that

“p” words, which would explain the higher ratetne interference effect inducing /b/ responses fo
phonetically voiceless [p]s is still at work for

ably low: two of 120 values (1.7%) had to be replaced. Ailonwords indicates that a linguistic code for
in Experiment 2, we followed the conservative option ofwords is generated quite early in the processing
replacing each missing value in a participant’s data by tth a speech utterance. This is in line with the
average of this participant’s other data. In the full design . fali isti de that i ted |

item analysis, there was one missing value for the detectio e.W orafinguistic co e al1s compute .pre -
of /bl in test items: It was replaced by the average value igXically rather than derived from the entries of

that detection situation for the group of subjects involvedthe lexicon after words have been accessed.
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GENERAL DISCUSSION ever, that cohort activation in a gating task

The existing literature offers evidence for2!1S€S postperceptually. Hence, there remaine

interference between orthography and surfa%SFo me ddohubt abput how reliably the .results re-(
phonology in the processing of spoken wordg ected the oh'“ne processes of Iexmal-acces,
This study provided further evidence for suc via co_hort act|vat|on._We addressed that issue ir
interference. We have tentatively assumed th periment 4, resorting to a phom_em_e mon|tor—
the linguistic code that interfered with the pho-Ing task that_ used npnwords mimicking the
netic interpretation of words as well as nonWor_OIS used in E_xpgrlments 2 and 3 S0 that
words was the orthographic code. However, th%Irnllar cohort actlvgtlon CO,UId oceur during thg
orthographic and morphophonemic codes wefJocess of (tenta'ltlve) Iexu:gl access. Surpris-
almost perfectly congruent in our materials anH‘gly’ the d?te.CtI.OH Of for mdu'ced by those
so the question of whether the morphophonemﬁ:onv"ords m|m|pk|ng b* words still occurred at

code played a role remains a matter of speculé‘-mOderately h.|gh rate. The data thus suggeste
tion. In any case, the focus of this study was thﬂ1at the graphic code that caused t_he interfer
time course and origin of the observed interfer€Nce €effect emerged from the lexical acces:
ence, an issue that had received little attentidf€chanism itself, presumably from cohort acti-
in earlier investigations. vation. At any rate, it is a real-time mechanism,

Experiments 1 and 2 set the stage with a cle¥yhich is automatically at work for both words
example in which the graphic code strongh"d nonwords. _ _
influences the phonetic perception of specific T09ether, the findings point to real-time
words: French listeners do hear /b/ more easiff€chanisms whose function is to produce
than /p/ in words such as “absurde,” although/ords and meaning from the speech input,
the surface form is /apsyrd/ not /absyrd/. Th&vhatever its lexical status. On this view, access
latter point was demonstrated both by acoust#© Word and meaning is a dynamic process tha
measurements and by perceptual assessmenifolves real-time computation rather than, for
the critical labial stop excised from its linguistic®x@mple, a passive pattern matching mecha
context (Experiment 1). French listeners nondliSm.
theless were able to detect /p/ in “absurde,” What is the nature of this dynamic process?
though much less readily than /b/. On the othdp discussing Experiments 3 and 4, we have
hand, the detection of /p/ was much faster thal@vored a cohortlike mechanism: At each point
that of /b/. A tempting account of these findingdn time, the linguistic code /b/ could be con-
was that hearing /p/ involved a prelexical “lowveyed by a cohort of words that are phonetically
level” of phonetic perception, whereas hearin§ompatible with the acoustic input, yet spelled
/bl required a postlexical reanalysis of the word®ith @ “b.” There might be, however, some
heard. However, the data in Experiment 2 didlifficulty with the cohort activation account. It
not lend clear support to the postlexical accounfiappens that there are more words in Frenct
We thus further explored the time course anfieginning with “abs” (41), “obs” (45), and
origin of the orthographic—phonetic interferencésubs” (16) than with “obt” (10) or “subt” (6);
effect. In Experiment 3, two versions of thethere is no word beginning with “abt.” This
gating paradigm—phonetic transcription anddvantage of “bs” over “bt” words also holds
word guessing—were used. The results sugvhen considering word tokens (cumulated fre-
gested that the interference effect was natuencies) instead of word types. Given that
strictly postlexical. That is, it did not result from difference, one would predict that hearing /b/
the recognition of a specific lexical entry andshould be more likely for the words with “s”
was more likely conveyed by a cohort of simi-than with “t.” However, in the analyses of Ex-
larly spelled words which were compatible withperiments 2 and 4, the Context factor (/s/ vs /t/)
the acoustic input. It might be the case, howhad no significant effect. We cannot, however,



HEARING /b/ IN “ABSURDE” 635

dismiss the cohort account on the basis of a nulhtramodal priming paradigms (Marslen-Wil-
effect. son, Ford, Older, & Zhou, 1995, 1996;
On-line phone-to-grapheme conversion coultMarslen-Wilson & Zhou, 1996). However, it
also account for the prelexical nature of theéeems to be limited to cases of transparen
interference effect we found. For example, upomorphological composition and to productive
hearing initial /aps/, the graphic code “absaffixes. Inthe words used in the present study
could be activated and could activate, in turnsuch as “absurde,” the morphological compo-
the phoneme /b/. As Dijkstra et al. (1993) havéition was opaque for most listeners (see foot-
shown, simple sounds may activate simpléote 1). The prefixes were common ones (al-
graphemes (e.g., the vowel /a/ activates the Idhough the {ab-} and {sub-} prefixes are
ter “A”). But the mapping between /aps/ and'otably more common than {ob-}), whereas
“abs” is not straightforward and is not moti-the relationship of the stems to the entire
vated by a conversion rule: /apsbuld be words was far from transparent for most
spelled “aps” just like /apt/ is spelled “apt."Fre”?h speakers. Listeners, we believe, coulc
Worse, /opt/ can be spelled either “opt” or “obtridentify at least common prefixes, however,
(as in “optique” or “obtus”). The mapping is °Padue 'Fhe following stem .may.be.. We are
thus simply motivated by the peculiarities of thd!0t @rguing here for an affix-stripping vs a
French print lexicon. In sum, if a phone-to-f”” listing account of word recognition for

grapheme conversion mechanism is at work @refixed words. We ra}ther suggest. tha.t 'eXi?f""
convert [p] into “b” in the phonetic contexts of access may begin with the tentative identifi-

[apsyrd] or [apseri], it depends on the continfat'o.n OI common p][.eﬂxe?.. T?erefore, In cer
gencies of the French print lexicon, not on pre-a'?I 'rllr? ?hncesr, pre Ii)r(1 acf|va |0kn may (;)ccur
dictable regularities. This mechanism would T e processing of spoken words (as

essentially differ in its workings from any well as of nonwords, as Experiment 4 sug-

mechanism engaging the whole lexicon, such gsests) and possibly interfere with the phonetic

o . . . Accordin his “prefix ivation”

cohort activation. But it would differ from co- code. According to t .S prefix activatio

hort activation in its usefulne Ph ¢ account, common prefixes such as {ab-} or
vation In "ItS USeluiness. Fnone-torg 1, 1 are automatically activated in non-

grapheme conversion fulfills no need specific t ords as well as words, whether they actually
speech, whereas cohort activation indeed aidsg}e prefixes, or, more éxactly, independent of
word retneval_. Therefore_, the phone-to-graphgieners: linguistic intuitions. If prefixes are
eme account is not considered any further.  qientially accessed prelexically, can this
We mentioned another alternative account tﬁelp language processing? If so it is probably
cohort activation: morphemic decompositionp,q¢ by speeding up the computations involved
This view is still a matter of heated debate fof, |exical access (see Schreuder & Baayen

both written and spoken word recognition (Lau1994: Prefix-stripping cannot be motivated by
danna, Burani, & Cermele, 1994; Marslen-Wil-consjderations such as computational parsi

son, in press; SChrieferS, ZWitserIOOd, & ROmony)_ Prelexical access to preﬁxeS, how-
elofs, 1991; Taft, 1981; Taft & Forster, 1975ever, may contribute to the construction of

Tyler, Marslen-Wilson, Rentoul, & Hanney, semantic representations, which can build ug
1988; Wurm, 1997). According to most of thepn-line (see Van Petten, Coulson, Rubin,
current research on speech perception, discoptante, & Parks, 1999).

tinuous access to stems and affixes is unlikely to We are thus left with two possible accounts
explain how prefixed words are recognizedf the data. One explanation rests on cohor
(Greber & Frauenfelder, 1999; Schreuder &activation and is consistent with the activation
Baayen, 1994; but see Taft, 1981). Yet evidenasf a graphic code interfering with the phonetic
for derivational prefix activation in spokencode. The other rests of prefix activation and is
words has been found using cross-modal aonsistent with the activation of a morphopho-
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nemic code. Although we favor the former in-swer “yes,” given that there was a substantial
terpretation, which is more in line with thediscrepancy between the objective phonetic re
findings reported in the literature, further reality and the human perception of that reality.
search is needed to clarify this issue. However, this kind of illusion is ultimately use-
At any rate, both cohort activation and prefiXul and even necessary in order to interpret the
activation entail activation of a linguistic codephysical world in an efficient way. Therefore, it
which may supersede incompatible phonetic eshould not be considered a mere side effect o
idence. The eventual dominance of the linguishe perception of physical objects and events
tic code over the phonetic code requires addRather, we interpret the present data as showin
tional processing time. The robust effect founghow purposeful the on-line analysis of speech
with RTs (longer RTs for detecting /b/ than /pkends to be. French listeners do not hear /b,
in “absurde” as well as in /apsgri/) is mostyecause they identify the word “absurde” but,

readily interpreted in the following way: /p/ rather, derive /b/ on-line from /aps/ because this
responses are based directly on the bottom-yfg|ps them to identify “absurde.”

phonetic information, which is available as soon
as the [p] phone occurs; /b/ responses must be

based on a linguistic code (lexically mediated APPENDIX A

by a Co_ho_rt of (_:(_)ng_ruent WQI‘dS or, altematlve_ly’l'est and Control Items Used in Experiment 1 for Each of
by prefix identification), which cannot be avail- the Two Lists (See Text)

able before the phonetic context following [p]

occurs. These empirical findings could be ac- List 1 List 2
commodated by models such as Merge (Norris, tem Rating Item Rating

McQueen, & Cutler, in press), in which pho-
netic decisions can be made either on the soles” items

basis of the early available bottom-up informa- 2bside 13 abscisse 42
. . . . absurdite 4.7 absinthe 2.2
tion or after integration of the bottom-up infor-  inopserve 3.0 inobservance 16
mation with the later available lexical codes. In subsumer 1.8 subgaent 1.9
the latter case, responses should naturally beM 2.7 M 25
slower. (The “tentative framework” proposed, .. ;;.ms
by Dupoux and Mehler, 1992 has some similar- syptilement 41 subtilite 43
ity with the Merge model in that responses can subterfuge 2.6 subtiliser 21
be derived from the simultaneous inspection of obtusion 13 obturer 2.0
obtenant 3.2 obtus 2.7

various activated codes.) Our RT data are also

. . : 2.8 M 2.8
compatible with a TRACE-like account (Mc-
Clelland & Elman, 1986), in which phoneticps” items .
decisions are made at the phoneme node level2SePsi® 1.3 autopsie 4.1
hich receives top-down feedback from higher S='Pse" 4.2 ellipste 14
w p . . . g rhapsodie 19 lapsus 4.4
level nodes, possibly interfering with the bot- epsilon 22 ipso-facto 1.8
tom-up information. By this account, /b/ re- M 24 M 2.9
sponses, which require the propagation of feeqﬁt,, items
back activatior_w, should be _sI(_)\_/ver than /p/” gpticien 43 opter 33
responses, which reflect the initial bottom-up cleptomane 3.0 sepfigde 2.2
activation. cheptel 1.8 Neptune 2.8
To summarize, this study illustrates the role Somptuaire 2157 Mdompte”' , 83'0

of linguistic knowledge in speech sound percep-
tion. S_hOUId we Con3|de_r th_e present effects t0 = 5pjective frequency rating (on a scale of 1-5) is shown
be a kind of perceptual illusion? We could anfor each word and averaged by item type.
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