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ABSTRACT Significant effects of talker (in training), word position and
vocalic context were found. Tests of generalization revealed
ﬁuccessful transfer to novel stimuli and a new talker. In addition,

a . . S
information (lip movements) to spoken word identification b)P roductlonl tOf _1/. andL/I/ |mprclJved S|gtr_1|f|canth);has a resu(ljt of
Japanese and Korean learners of English as a second IangL%eglgep ual fraining. Learners: perceptions of these sounds were

(ESL) and native speakers (NSs) of English, and its interactidfic cative of the developmen; of hlghly conte>§t- and talkerj
with sentence context, phonetic environment and, for E ependent neural representations consistent with the encoding

. 3 . . of all attended perceptual details in multiple traces in memory.

In(:;a:]rirrlne;,paﬁg.rceptual training - (involving:,1p,f8,s/) - using Perceptual training involving contrasts /p/-/fl an@/-/s/
revealed a similar benefit of AV vs. A-only presentation, and

Parallel tests (pre- and posttraining), applying the gatingroduction improvement. This training study demonstrated that
technique to videotaped stimuli, were given to the learnef§® adult perceptual system can be modified to promote
(presented audiovisually (AV) or audio-only (A-only) development of perceptual categories robust across stimulus and
depending upon training group type). Stimuli were familiartalker variability, the superiority of AV training over A-only, the
bisyllabic words beginning with the following visual categoriesSécond-language (L2) leamners’ use of visual cues prior to
bilabial (/p/), labiodental (/f/), 4/, /i/, and nonlabials (/s,t,k/) training [5]. and the enhancement of their information value
combined with high, low and rounded vowels. Test (pretes\."-’Ith training.

posttest), initial consonant-vowel (CV) sequence, modality q{l - . -
. . ; evertheless, a training procedure which utilizes words spoken
presentation (AV vs. A), and condition (context or excised

word) were independent variables. Groups of NSs werl isolation raises the question of whether learners can transfer
resented with thepsame stimuli ) P the perceptual abilities developed in minimal pair training to the
P ) task of identifying words in connected speech - a task more

NNS results revealed word identification was significanth?{en encountered in the language environment. The remainder
of this paper focuses on experiments addressing this issue.

earlier after perceptual training, in AV vs. A-only presentation;

in context vs. excised word condition, and varied signifi(:antq&ew studies have explored spoken word identification by L2

with initial CV sequence. N.S res_l_JIts_aIsc_) revealed SignifiCr’“?éarners [6], and none have considered bimodal input and its
effects of modality (earlier identification in AV vs. A-only), gotential interaction with variables such as sentence context, the

Several experiments explored the contribution of visu

context, and initial CV sequence. Findings indicate the transf honetic and visible articulatory structure of words, and the

o oo i e P %eSects o uaning, To explre e flence of hese factrs, e
with a multiple-trace model of spoken Ie{nguage processirﬁﬁ ting paradigm was used. Th? standa_rd audl_tory gating format
incorporating visual input IAvolves successive presentations _of increasing amounts of a
) target word [7]. With each presentation, subjects write down the
word they think is being presented. Although not considered an
1. INTRODUCTION on-line task, gating is well-suited for use with special
populations [8], and AV tasks. As the onset of articulatory
In a recent study, Japanese and Korean ESL learners wafgvements for a sound generally epedes its acoustic
trained using minimal pairs to identify American English (AE)component in AV research, gating allows an assessment of the
/of and /Il [1,2]. The contribution of visual information from contribution of visual information to word identification at each
talkers' lip movements, phonetic environment gadnt vowel gate. Its application requires some modifications to the standard
and word position), talker familiarity, and the transfer ofunimodal format: gate durations correspond to numbers of video
perceptual training to production were investigated. Previodsames and the gating onset is determined by the acoustic signal
training studies had focused only on auditory input [3,4]to ensure that only information pertaining to the target word is
Results indicated that for both groups, AV training (vs. A-onlypresented. Previous auditory studies revealed that successive
provided significantly greater improvement in identificationpresentations of stimulus information did not significantly
accuracy of ¥ and /I/. Visual input contributed the most to theinfluence performance [9,10]. As the effects of word length,
bimodal percept for the more difficult phonetic environmentsvord frequency and amount ofgmeding sentence context have
based on similar L1 sounds (i.e., initial singleton and clustéreen well documented with this paradigm in the literature [7],
positions for speakers of Japanese in which a flap occufese variables were not investigated further and were held
utterance-initially; final positions for speakers of Korean irconstant. Within-subjects variables in the present study were
which a nonvelarized /Il occurs in syllable-final position).test (pretest-posttest only for NNSs using parallel tests) and



initial CV sequence of the target words. Between-subjectsas a significant interaction between modality and initial CV
variables were modality of presentation (AV vs. A-only) andsequence H(14,392)=3.251<.0001]. Test x CV was also
condition (sentence context vs. excised word). It wasignificant [F(14,34.59)»=.0002]. Planned comparisons
hypothesized that words would be identified earlier with AMndicated that the identification of words beginning withahd
input but that this would varyaccording to the initial CV /Il showed greater improvement from pretestposttest than
sequence and, for NNSs, as a result of training. In generather CV combinations F(1,34.59)=21.17%<.000l]. The
visual information was expected to contribute most whelmteraction between modality, test and CV sequence was also
auditory intelligibility was lowest, that is, in the A-only significant. Planned comparisons revealed that as a result of
presentation of excised words. Context was expedted training, there was a greater accentuation of the advantage of
facilitate the identification process; in fact the ability of NNSs tAV over A-only presentation in the identification of words
utilize context in spoken language processing has not bepgginning with f/ and /I/ compared to other CV sequences
extensively investigated. [F(1,14)=14.58p=.002]. The CV sequences showing the earliest
identification were: bilabial + high vowel (e,gicnig, /i + low
2. EXPERIMENT ONE - JAPANESE vowel (e.g.,rocket),and nonlabials + high vowel (e.dicket).
There was also a significant main effect of context
A total of 32 Japanese ESL learners, intermediate level, wdi(1,32.99)=28.01p<.0001].
given parallel gating tests before and after 3 weeks of perceptual
training. (Training stimuli involved minimal pairs contrasting

1a/-N\, Ipl-Hi, 18I-Is! produced by multiple talkers.) The modality Excised Words Sentence Context
of presentation for the gating tests matched that of their trainirg AV A-only AV A-only

For 16 subjects, stimuli were presented AV and for 16, theyPretest 100.5 107.6 88.9 99.9
were A-only. Each of these groups was further divided into twioPosttest 76.9 85.3 64.7 76.2

equal groups: one presented with thegeding sentence context Table 1. Mean percentagé word needed for identification before
plus the gated target word, and one with the target word ord after training for Japanese AV and A-only groups in excised
excised from context. word and sentence context conditions.

2.1 Materials and Procedure 3. EXPERIMENT TWO - KOREAN

Bisyllabic targets (judged highly familiar by a peer group)A total of 32 Korean ESL learners, intermediate level, were
began with the following visual categories: bilabial (/p/)given the same parallel gating tests. As with Experiment One,
labiodental (/f/), 4/, /I/, and nonlabials (/s,t,k/). Each consonansubjects who received AV perceptual training were given AV
appeared before three types of vowels: high, low, rounded. THgting tests (pretest and posttest), and those who received A-
created 15 categories of 3 words each for a total of 45 words@hly training were given A-only gating tests. These subjects
each of the two tests (pretest and posttest). Stimuli wekeere also divided further into two equal groups: one presented
recorded by a female NS of AE in a TV studio using a SONWith the preceding sentence context plus the gated target word,
Hi-8 videocamera and an Electrovoice lavaliere microphon@nd one with the excised gated word only

Recordings were digitized at 44.1 kHz and edited using AVID

Media Composer version 5.51 for Macintosh. The duration @&.1 Materials and Procedure

each gate was two frames. Stimuli were presented using a 27"

inch SONY Trinitron color TV monitor and_ SONY VHS video stimuli and procedure were the same as those used in
cassette r_ecorder (SLV-9_20HF). Two warning tones signaled tﬁ@(periment One.

presentation of a new stimulus, and one indicated the next gate

of the same stimulus. Subjects were tested in small groups,

were instructed to write down the word they thought the talkaeg512 Results

was saying at each gate. They were given drs#sto respond. ) ) )
Experimental sessions were obsentedensure thesubjects Analysis of the results was the same as in Experiment One. As

understood the instructions, and those in AV groups looked giown in Table 2, words were identified significantly earlier in

the screen. AV vs. A-only presentationF(1,28.93)=33.13<.0001], and in
the posttest vs. pretest as a result of perceptual training
2.2 Results [F(1,48.86)=259.8<.0001]. There was a significant interaction

between modality and initial CV sequendg(14,392)=4.824,
<.0001]. Planned comparisons revealed that for words

In the analysis of responses, the identification point w. eginning with §/ and /1/, identification was earlier in the AV

determined by the gate at which the correct word was W“ttenresentation compared to A-onlf(]l,14)=5.88y<.05]. Test x

with no subsequent changes [10]. This gate was converted t ¢ was also significant F(14,34.39)=2.09=.01]. Planned

percentage of the word's total duration in gates. For arlalysf:'gmparisons indicated that identification of words beginning

purposes, tabulations for words not correctly identified were. .
based on the total duration of the word plus 1 gate (produci th )/ and /I/ showed greater improvement between pretest and
sttest than those beginning with other CV sequences

percentages over 100). As shown in Table 1, words we - a .
identified significantly earlier in AV vs. A-only presentation (1,34.39)=16.0=.001). The CV patterns of earliest

[F(1,30.15)=25.97p<.0001] and in the posttest vs. pretest as, ;ngentification were similar to those of the Japanese. There was
result of perceptual training [F(1,51.36)=259.1,p<.000I]. There



also a significant main effect of contexE(1,34.6)=15.59, In the video-only excised word condition, 33% of the words

p<.001]. were identified. In a separate measure of visual distance (a
comparison in terms of the homophenous or visually indistinct
Excised Words Sentence Context categories of the stimulus and response), following adjustment
AV A-only AV A-only for variable word length, 74% of the visual categories were
Pretest 96.3 104.4 84.4 100 matched accurately.
Posttest | 74.9 84.8 64.4 78
Table 2. Mean percentage of word needed for identification 5. DISCUSSION
before and after training for Korean AV and A-only groups in
excised word and sentence context conditions The initial training experiment in this series demonstrated that
for both Japanese and Korean ESL learners, AV perceptual
4. EXPERIMENT THREE - NSs training provided significantly greater improvement in the

identification accuracy ofil, /l/, /fl (vs. Ip/), and @/ (vs. /s/)
Eight NSs of English participated in each of the same foiyhen compared to A-only. The well-documented differential

experimental group types as the NNSs. effect of the position ofi/and /I/ in the word for the Japanese
was also found (i.e., perceptuacuracy was lower in initial and
4.1 Materials and Procedure intervocalic positions). In contrast to the abundance of research

findings related to Japanese speakers learning English, relatively
. . . little previous work had been done with Korean learners. The
Two additional groups of 8 subjeatsich were tested with the sftudy revealed their scores were generally lowerifand /I/ in

same stimuli as follows: for one group, only the video signal I . .
group, only 9 ij | positions where the first language (L1) has an acoustically

the excised word was presented; for the second, these wo rent (nonvelarized) /I/. Furthermore, results for both groups
were preceded by the sentence context which was presenvéried si(nificantl in t%e .erce tion of ihe liquids as afugnctign
audiovisually so as to indicate the onset of the target word. Thlg d'acegnt vowelyand talkper in t?ainin q

method assessed the visual discernibility of the target words R 9-

the contribution of context to their identification. (The numbelcl-he significant effects produced by stimulus and talker

of NNSs was insufficient for this video-only testing). The,,;apility in perceptual leaming, and results of studies with

W'th.'n_SUbJe?tS variable was the CV sequence. BetweerNSS demonstrating an interdependence in the processing of
subjects variables were modality and context. words and voices [11] suggest a view of the mental lexicon that
differs sharply from the traditional linguistic view of the storage
4.2 Results of abstract canonical forms of words in memory. These findings
are consistent with the view that the memory encoding of speech
Results were tabulated as in the previous experiments. Asolves storage of individual episodes, preserving both
shown in Table 3, words were identified significantly earlier ircontextual variability and the indexical properties of speech
AV vs. A-only presentationF(1,30)=129.5%<.0001]. There [12,13]. Both multiple-trace theory [13] and the stages of
was a significant Modality x CV interactiorF(14,406)=5.00, development in speech processing in the WRAPSA model [12]
p<.0001]. The effect of the modality of presentation varieduggest a scenario for second-language (L2)eecp
according to the initial CV sequence. Comparisons revealed thigvelopment. In WRAPSA, speeatpiit is assumed to undergo
identification of words beginning with/ and /I/ compared to preliminary analysis by a set of auditory analyzers. The output
the other CV sequences was more influenced by the modality aff this analysis is weighted to give prominence to phonetic
presentation H(1,406)=179.5<.001]; that is, there was a features that serve a contrastive function in the language
significantly greater difference between the percentage of tlvironment. Further processing takes place on the weighted
word necessary for identification in the AV vs. A-onlyoutput. The sound pattern is extracted from this output and

presentation. refines the description of the processed signal to probe memory
where, following exemplar models, it is matched against traces
Excised Words Sentence Context of previously analyzed episodes which constitute the
AV A-only AV A-only representation of the sound structure of words in the lexicon.
82.3 93.2 62.9 81.6 For L2 learners, a new weighting scheme must be developed for
the L2 in order to shift attention from the settings that are

Table 3. Mean percentage of word needed for identification fejptimal for the LI to those feature values distinctive in the L2.
NSs comparing AV and A-only presentations in excised Worfh the case ofi/ and /I/, attention must be focused primarily on
and sentence context conditions. the F3 transitions that distinguish them. In this model, learning
L . . . consists of copying the features of an experience onto a trace.
é‘zségsmf_'cggi Mdet?:'ty X Ccl)_?text t);_CV mtera_ctloiPF %4’I406)'th The features that comprise the perceptual representations that
=2.65p=.001] further quaiifies this comparison. ©nly with o memory depend upon the attention given to the auditory
sentence context does the |d_ent|f|cat|on of quds beg'””'”g WiHhd visual attributes of the stimulus relevant to the particular
a7"and /V_ show a greater difference accc_)r.dmg to modal!ty Qhsk. Training with multiple exemplars plus feedback enhances
presentation than other words. Additional comparisonge process. The objective of L2 perceptual learning, then, is to
indicated that identification of words beginning with /Il Was; aate a situation in which the response provided by an

more influenced by the presence of visual input than thosgyreqate of L2 traces overshadows that of L1 traces. As a
beginning with J/ [F(1,406)=6.640=.01].



record of an experience or episode, a memory trace is a
composite of all properties to which one attends including
modality-specific sensory features. The model leaves open the
question of the locus of integration of information from multiple

sources and different processing pathways. One possibility is

that a single probe, as a perceptual representation, stems from

the early processing, in the form of pattern extraction, of the
weighted output of the initial analysis of information from one
modality. If information from one modality is related to others

top-down

through feedback pathways from higher-level

multisensory integration areas [14], then the trace may be the
final representation of integrated information as a network of

potential synaptic relations [15]. The more informative source
would contribute the most information tostimulus
identification.

From the perspective of multiple-trace theory,

long-term

memory is treated as a collection of episodic memory traces
suggesting an episodic lexicon as the basis of word recognition
processes, and perhaps also production [16]. This view is
supported by the findings of the present series of experiments
which have shown the success of perceptual training with adult
L2 learners, and its transfer to both production and spoken word
identification in connected speech.
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