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A discrimination paradigm was used to detect the influence of phonetic context on speech
(experiment 1pand nonspeectexperiment 1pstimuli. Results of experiment 1la were consistent

with the previously observed phonetic context effect of liquid consor{@hend /) on subsequent

stop consonant/g/ and &/) perception. Experiment 1b demonstrated a context effect of liquid
consonants on subsequent nonspeech sounds that were spectrally similar to the stop consonants. The
results are consistent with findings that implicate spectral contrast in phonetic context effects.
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I. INTRODUCTION speech on subsequent nonspeech has been reported. More-
over, gesture-based theories of speech perception do not pre-

Perception of speech is highly dependent on surroundindict that such an effect will occur because phonetic context

phonetic context. For example, Mat980 found that am-  effects arise from information specifying articulatory ges-

biguous consonant—vowéCV) syllables varying perceptu- tures rather than auditory characteristiesy., Fowleret al,

ally betweenga/ and Ha/ were identified asgh/ more often  2000. The current study assessed the influence of preceding

when preceded byl/ than when preceded byi/. With this  phonetic context on the perception of nonspeech sounds. Be-

effect, and other phonetic context effe¢esg., Mann and cause the nonspeech stimuli were unfamiliar sounds for

Repp, 1980, 1981 speech identification is shifted in a direc- which participants had no labels, the current experiments

tion opposite that of the acoustic assimilation caused byised a discrimination paradigm in which labeling was unnec-

coarticulation in speech production, apparently “compensatessary(modified from Mann and Liberman, 1983

ing for coarticulation.” The close correspondence between

speech production and perception has led theorists to posit

gestural origins for phonetic context effects, such that they; mMETHOD

arise either from listeners’ implicit representations of articu-

latory gesturegMann, 1980 or from direct perceptual re-

covery of articulatory gesturggowleret al, 1990. Recent Fifteen and 17 undergraduates at Carnegie Mellon Uni-

evidence, however, suggests that phonetic context effecigrsity participated in experiments 1a and 1b, respectively.

may arise from perceptual interactions among the spectralll reported normal hearing, were native English speakers,

characteristics of adjacent sounds. Lotto and Kluendeand received course credit for participation.

(1998 found that nonspeech sounds lacking gestural infor-

mation were sufficient to shift identification of subsequent

speech: ambiguous CVs betwega//and da/ were identi- g giimuii

fied more often asgh/ when preceded by a tone at the third

formant(F3) offset frequency ofdl/. Lotto et al. (1997) ob- Two ten-member series of target stimuli were created for

served phonetic context effects in Japanese quail: quaiS€ in experiments la and 1b. For experiment la, target

trained to peck toga/ pecked more when stimuli were pre- Stimuli were CV syllables ranging perceptually froga/ to

ceded by dl/ than when preceded bywr/. These findings /da/. Target syllables consisted of 80-ms linear formant tran-

were interpreted as arising from spectrally contrastive persitions followed by a 170-ms steady-state vowel. For experi-

ceptual mechanisms at a precategorical level. ment 1b, target stimuli were nonspgech sounds consisting
If phonetic context effects arise from general perceptuaPnly of the 80-ms F2 and F3 transitions from the CV syl-

interactions among spectral characteristics, then both speet@Ples used in experiment la. Two syllables/ and &r/,

and nonspeech sounds should elicit context effects. NorVere synthesized for use as precursors in both expenments.

speech sounds have been shown to affect perception of subl€ Precursors were 250 ms in duration and consisted of a

sequent speeditolt, 1999; Holtet al, 2000; Lotto and Klu-  100-ms steady-state vowel followed by 150-ms linear for-

ender, 1998; Lottoet al, 2003, but to date no effect of mant transitions. Formant frequencies for all stimuli were

identical to those used by Lotto and Kluendé&t998.

Stimuli were synthesized with 12-bit resolution and sampled

@Portions of this work were presented in “Effect of preceding speech on ; _
nonspeech sound perception,” at the 143rd Meeting of the Acoustical Sofrﬂ 1('_) KHz, using the Ca.sca(.je branch of the K280 Syn
ciety of America, Pittsburgh, PA, June 2002. thesizer for speech stimuli and the parallel branch of the

PElectronic mail: jds2@andrew.cmu.edu synthesizer for nonspeech stimuli.
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FIG. 1. Design of experiments. On each trial, participants heard two target
stimuli and decided whether they were the same or different. Discrimination
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tual distance between targéenhanced” and “diminished” conditions In
experiment 1b, target syllables fromu/ to /da/ were replaced by nonspeech
sounds that modeled their spectral characteristics.

0.4 ‘ ‘ , ‘ . ‘
Each of the target stimuli was matched in root mean 1-4 2-5 36 47 58 69 7-10
square(rms) amplitude and combined with each of the two Discrimination Pair
precursors to yield 40 precursor-target combinations. A silent
interval of 50 ms was inserted between precursors and tar- 100 T
gets, resulting in an overall stimulus duration of 550 ms in +
experiment 1a and 380 ms in experiment 1b. Stimuli were 2 g0
converted from digital to analog and presented by TDT Sys- 2 \
tem |l hardware (Tucker-Davis Technologi¢sover Sen- _g 60
nheiser HD-265 linear headphones at 65—70 dB SPL. "é \I
B 40
C. Procedure 3 \
Experiments 1a and 1b each consisted of two phases. In :Z 20 = %
the first phase, participants performed AX discrimination of y
target stimuli presented in phonetic context. On each trial, 0 S S S |
two precursor-target combinations were presented with an S OSSP ...
; ; ; ; . NP R D@D QD
interstimulus interval of approximately 750 ms. Participants NN Y ) r AP AP q)
were told to attend to the target stimuli and indicate whether F3 onset frequency (Hz)

the two targets were different using buttons labeledri. 2. Results of experiment Tapeech targetsMean discriminatioritop
“SAME” and “DIFFERENT.” Participants were told that pane) was better in the enhanced condition than in the diminished condi-
target stimuli would always sound similar and that theytion. Mean identification responsébottom panel revealed a typical cat-

“ " . egory boundary along thega/-/da/ series. Error bars reflect standard error of
should respond “SAME” only if _they thought th_e targets o mean.
wereexactlythe same. On each trial, one target stimulus was

preceded byal/ and the other was preceded ly// Target
stimuli either were identicalcatch trial$ or differed by three each non-speech souritiit were a syllable would it be ba/

steps along the ten-step serieiscrimination tnal; or /da/?"). All ten targets were presented in each of ten ran-
The effect of context was tested by comparing two con-

ditions defined by the arrangement of precursors and targegsomly ordered blocks, for a total of 100 trials.
in each trial. In the “enhanced” condition, target stimuli with
lower F3 onset were preceded kj//and target stimuli with
higher F3 onset were preceded hy// In the “diminished” A context effect of preceding liquid on target perception
condition, the opposite arrangement was used. Based on theas observed for both speech and nonspeech targets. Data
effect of preceding liquids on stop consonant identificationfrom the identification tasks provided evidence that the target
(Mann, 1980, the discrimination of target pairs was ex- stimuli in experiment 1b were not perceived as speech.
pected to be more accurate in the enhanced condition than in  Averaged results of experiments 1a and 1b are shown in
the diminished condition. The experimental design is illus-Figs. 2 and 3, respectively. Discrimination performance was
trated in Fig. 1. The within-trial order of precursor-target evaluated by calculating an unbiased measure of proportion
pairs was counterbalanced to yield 28 unique discriminatiortorrect for each discrimination pair, in each condition, for
trials and 20 unique catch trials. All 48 trials were presenteceach participant.Proportion correct was calculated accord-

in a single block and there were eight repetitions of the trialing to Eq.(5.6) of Macmillan and Creelma1991). Identi-
block, for a total of 384 trials. Order of presentation wasfication responses were evaluated by computing the percent-
random within each trial block. Participants were given aage of trials in which each target stimulus was identified as
short break half-way through the task. “GA.”

The second phase of each experiment was an identifica- For the discrimination task in experiment 1a, an analysis
tion task in which participants heard target stimuli one at aof variance(ANOVA) on the proportiorrcorrect data re-
time, in isolation, and indicated whether each stimulusvealed main effects of enhanced versus diminished condi-
sounded likeda/ or /da/ by pressing buttons labeled “GA” tion, F(1,14)=33.8,p<<0.001, and discrimination across tar-

and “DA’ (in experiment 1b participants were asked, “For

Ill. RESULTS
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0.8 nificance, F(6,90)=2.16, p=0.054. An ANOVA on the
—e— Enhanced identification data revealed no effect of target stimulus on
—® Diminished identification responses, indicating that, on average, partici-
0.7 pants were unable to assign consistent category labels to the

) —/i\l / stimuli.
T w

periment 1b revealed that some participantse able to as-
sign labels to the stimuli. Such response patterns could indi-
cate either that listeners heard the nonspeech stimuli as
speech sounds, or that they simply managed to consistently
assign arbitrary labels as a function of the F3 onset cue.
Therefore, additional analyses were performed to determine
0.4 ' ' ‘ ‘ ‘ ' whether the results of the discrimination task depended on
14 25 36 47 58 69 710 participants’ ability to assign speech labels the nonspeech
Discrimination Pair stimuli. Participants were sorted into three groups: those
whose labeling was consistent with the analogous speech
categoriesl=7); those whose labeling was categorical, but
opposite to the analogous speech categoriés§); and
those whose labeling was not categoriddH6). A partici-
pant’s identification responses were considered “categorical”
— i if the average of his or her “GA” responses to the first three
\f_f\f_};[/{. members of the stimulus series and the last three members of
s the stimulus series differed by at least 20 percent. An
ANOVA was performed on the discrimination data of experi-
ment 1b, including labeler type as a between-subjects vari-
able. There was no interaction of labeler type and condition,
L indicating that the effect of phonetic context on nonspeech
° o targets was not related to participants’ labels for the non-
\%00'3,00 q96° fi‘QQ rﬁ'& &QQ%@Q qﬁoQQ q‘;OQQ q,/\@ speech stimuli. An additional ANOVA was perf_orm“e_d on just
the discrimination data of the six “noncategorical” listeners.
F3 onset frequency (Hz) An influence of speech precursors upon nonspeech discrimi-
FIG. 3. Results of experiment Ilnonspeech targetsMean discrimination nation WaS Observed:’(l'S): 7.64, p= 0.04.
(top panel was better in the enhanced condition than in the diminished Additional analyses were conducted to compare the re-
condition. Mean identification responsgmottom panel indicated that par-  sults of experiments 1la and 1b. An ANOVA that included
ticipants were unable to correctly assign speech labels to nonspeech stimulizta from both experiments revealed a significant interaction
Error bars reflect standard error of the mean. . "
of experiment and conditior; (1,29)=5.54, p=0.025, re-
flecting the larger effect of context for speech versus non-
speech stimuli. The interaction of experiment and target
Sstimulus pair was also significantf-(6,174)=3.89, p
=0.001, indicating that the pattern of discrimination perfor-
rjpnce across the target stimulus series differed for speech
Iss’c_)unds compared to nonspeech sounds. An ANOVA compar-
Ing discrimination data from the seven “speechlike” labelers

p(correct)

Inspection of identification data from individuals in ex-
0.5

—_
o
o
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o
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o

% /gal identifications

get stimulus pairF(6,84)=8.05,p<0.001. Target stimulus

pairs were more accurately discriminated in the “enhanced
condition than in the “diminished” condition, indicating that
the perceptual distance between target pairs was increased
decreased depending on the arrangement of precursors. D

crimination performance varied significantly across discrimi- ) S .
nation pairs, with better performance in the middle of theof experiment 1b to discrimination data from experiment la

series than at the ends. The identification data from one paﬁlso r_evealed a significant interaction of experiment and tar-
ticipant in experiment 1a were discarded due to computeget St!mUIUS pa|rF(_6,_120)=2._84,p=0.01_3. Thus,_e_ver_1 the
error. Identification data for the remaining participants exhib-e?(pe”merlt _1b _p_artlmpanfcs with speechlike |dgnt|f!cqt|on ex-
ited a categorical pattern typical of stop-consonant series.AH'b'te‘j a S|gn|f|cantl_y d|ffere_nt pattgrn of discrimination
ANOVA on the identification data revealed a significant ef- across targets from listeners in experiment 1a.

fect of target stimulusk-(9,117)=68.5,p<<0.001.

The data from one participant in experiment 1b were
excluded from analysis due to incorrect execution of the dis-  The present results indicate that phonetic context affects
crimination task(only five “same” responses in 384 trigls the perception of nonspeech sounds, as predicted by a spec-
For the discrimination task in experiment 1b, an ANOVA on tral contrast account of phonetic context effe@istto and
the proportion=correct data revealed a significant main ef- Kluender, 1998 However, some alternative interpretations
fect of enhanced versus diminished conditidR(1,15) of the data should be considered.
=12.0, p<0.005. Thus, phonetic context effectively influ- Fowler et al. (2000 proposed that speech and non-
enced discriminability of nonspeech targets. A main effect ospeech context effects originate from different mechanisms,
discrimination across target stimulus pairs did not reach sigwith nonspeech influences upon phonetic perception arising

IV. DISCUSSION
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from masking of the target F3 by nonspeech precursoor decrease in perceptual distance between speech targets
sounds. Citing Moore(1988, Fowler et al. noted that should increase or decrease, respectively, the probability that
“acoustic masks tend to reduce sensitivity to frequencies inthose targets fall into different categories. Thus, category
cluding and surrounding their own; the range of frequenciesnembership could exaggerate the perceptual context effect
affected increases with the amplitude of the magg.”881)  for speech stimuli compared to nonspeech stimuli.

If masking causes nonspeech context effects, then these ef- In summary, the current findings are consistent with the
fects could be attributed to peripheral auditory mechanismdjypothesis that phonetic context effects result from general
which, in the account of Fowlest al, are presumably unre- perceptual processes sensitive to spectral characteristics.
lated to the perceptual mechanisms involved in phonetic corithey are more difficult to reconcile with theori¢Gowler

text effects. However, due to the construction of stimuli usecet al, 1990, 2000 that attribute phonetic context effects to

in experiment 1b, masking is unlikely to be responsible forimplicit knowledge of articulatory dynamics or direct recov-
the current results. The acoustically reduced, nonspeech tagry of articulatory gestures from speech input.

get stimuli were matched in rms amplitude to the acousti-
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