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ABSTRACT over which perceptual learning operates are
sensitive to syllabic, prosodic and/or grammatical
structure [4, 11]. In this approach, both abstract
structure and exemplars play a role, but the
abstract structure is richer and more linguistycall

Perceptual learning about voices is known to
facilitate speech perception, but it is unclear
exactly which phonetic representations are altered
to cause this facilitation. This study examines
perceptual learning for a non-segmental phonetic complex than that assumed by [8].

property, talker-specific cues to word boundaries. . Smith [13] t_est_ed the nc_)n-segmenf[al approach
An experiment tested intelligibility in noise of in a word-monitoring experiment that investigated

sentences that contained  hard-to-segment perceptual learning for talker-specific patterns of

sequences (e.gpatsa:d/, which can correspond to aIIoph'omc detail at word boundarles.__ The
Pat sawedr Pat's awed. Testing occurred before expe“r_”e”t . mampyleted telker famlllarlty_
and after training with a voice; improvement in (establlsheo_l in a training session) end allophonic
performance after training was measured. Subjects Match or mismatch at word boundaries (created by
who heard the same voice during training as during cross-splicing). It was predicted that if perceptua
testing showed more improvement than those who €&ming about a voice is sensitive to position in
heard a different voice. Implications for exemplar SYllable, allophonic mismatch should disrupt word-

theories of speech perception are discussed. mc_)nitoring more_in a familiar than unfamiliar
voice. Though this pattern of results was found

Keywords: perceptual learning, exemplar theories, numerically, it was not statistically robust.
allophonic detail, familiarity, word segmentation Several factors might explain why the
1 INTRODUCTION experiment in_[_13] was inco_r_lclusive_. It used many
voices (2 familiar, 8 unfamiliar), which may have
Experiments show that perceptual learning occurs distracted subjects from applying their knowledge
for speech and affects performance in many tasks. of the familiar voices (cf [2]). The training used
For example, speech in familiar voices is recalled intact speech but the test included cross-spliced
better and understood better in noise [2, 9]; speech, some of it allophonically inconsistent; the
phonetic category boundaries can shift in a inconsistency may have led subjects to ignore any
direction appropriate to a voice or accent, after knowledge of talker-specific allophonic detail that
exposure or even mere suggestion [1, 8, 5]; and in they had acquired in training, as such knowledge
shadowing, phonetic characteristics of the was not always useful. The word-monitoring task
shadower’s speech are influenced by those of the required fast responses, but voice-specific
talker being shadowed [3, 12]. properties may play a larger role in tasks where
Recent work seeks to use perceptual learning to responses are slow [6]. Finally, subjects had the
understand the units of speech perception and same accent as the familiar talkers, which perhaps
storage. Non-analytic approaches [e.g. 3] propose meant they needed to learn little about the talkers
that perceptual learning reflects memory for The present study investigates learning of
holistic episodes or exemplars, which may not talker-specific word boundary cues in a simpler
need to be broken down into smaller abstract units. experiment, testing speech intelligibility in naise
Others [8] suggest that perceptual learning opgrate uses the same materials as [13], but fewer talkers,
over abstract phonemic representations. A third, only unspliced speech, and an off-line, naturdkt.tas
non-segmental, approach proposes that the units(It uses the same accent as [13], but ongoing work
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varies accent.) Talker familiarity helps word
identification in noise [9] while correct fine
phonetic detail improves intelligibility of synthet

specific tokens used to make the pre- and post-test
stimuli were never heard in training.
In each phase (pre-test, training and post-test),

speech in noise [10]. Therefore, familiarity with a sentences were presented in quasi-random order
talker's allophonic patterns at word boundaries is with the constraint that members of a sentence pair
also expected to improve segmentation in noise. did not appear adjacent to one another.

2. METHOD 2.3.  Subjects

) ] Subjects were 68 SSBE speakers (17 in each

21.  Overview and Design condition), aged between 18 and 35, all students or
The experiment consisted of a pre-test, training staff of the Universities of Cambridge or Glasgow.
phase and post-test. In the pre- and post-test, Subjects tested in Glasgow had lived there for less
subjects transcribed sentences in background than a year prior to the experiment.
noise; in the training phase they heard the same24
sentences without noise, and answered questions™ ™
about their meaning. Improvement in performance 63 subjects were tested at the University of
between pre-test and post-test was measured. Cambridge in a sound-treated room, and 5 at the

The experiment manipulated two crossed University of Glasgow in a quiet room. Subjects
factors, Test Voice (speaker PF or MJ) and were tested individually using a PC laptop running
Training Voice (Same or Different to the Test DMDX, and high-quality Sennheiser headphones.
Voice). For any given subject, the same Test Voice  Subjects did a practice item, then the pre-test
was heard in the pre- and post-test. (48 items, 25 minutes), where their task was to
type in all the words they had understood. They
then did two practice items followed by the
training session (288 items, 40 minutes). Thek tas
during training was to answer questions about the
events described in the sentences. All questions
had the formDoes the event involve Xfhere X

Procedure

2.2. Materials

Materials were 48 sentences: 24 pairs of

phonemically-identical sentences, matched for

prosodic structure, that differed in the placenw#nt

a critical word boundary. Two example pairs are:

1) But{ Pat sawed Pat's awel them; was a person, object, idea etc. Subjects responded

2) They also offef Mick stability/ mixed ability. Likely or Unlikely by pressing buttons. Finally,

Details are in [13]. This study used recordings of they did a further practice item, then the post-tes

the sentences by two male speakers of Standard(48 items, 25 minutes), where the task was as in

Southern British English (SSBE), PF, aged 53, and the pre-test.

MJ, aged 27. Each talker read each sentence 8

times in a disambiguating context (eIhe fallen

trees had blocked access. But Pat sawed them _
Stimuli for the pre- and post-test were made 3.1 ~ Pre-processing

from tokens of the 48 sentences, without their For each subject, the percentage of words correctly
disambiguating context. For each talker, one token reported (Words) was scored for each of pre- and
of each sentence was selected at random and mixeq)ost_test_ To be scored as correct, words had to be
with randomly-varying cafeteria noise at an in the same order as in the actual sentence.
average signal-to-noise (S/N) ratio of +2 dB Qbvious mis-spellings and homophones were
(average amplitude of sentence: average amplitude scored correct, morphological variants as incorrect
of noise). The noise had a gradual onset and offset  The number of words correct does not
increasing from zero to its maximum amplitude necessarily tell us much about listeners’ use of
over 5 s before the sentence began, then continuingphonetic detail to segment words. Familiarity with
for 15 s before decreasing to zero over 5 s. a voice might allow subjects to identify more
Stimuli for the training session were tokens of \words, but might not help them to segment
the same 48 phonemically-identical sentences, in difficult sequences. Therefore, two other measures
their disambiguating context. For each talker, six were used (Word1End and Word2Start), based on
different tokens of each context+sentence were the percentage of syllable constituents at the

selected. Though the sentences were the same, theyitical word boundary correctly reported. For each

3. RESULTS
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sentence, the syllable constituents (onset, nucleus Figurel: Improvement from pre- to post-test in
or coda) immediately on either side of the critical ~ COrrect reporting ofa) Words,b) syllable constituents
word boundary were scored as correct if the at Word1Endc) syllable constituents at Word2Start.
subject had reported the correct segment(s) in the
correct position relative to the intended word
boundary. It did not matter whether the rest of the
word was correct. For example, fbhey also offer
Mick stability the correct Word1End was the coda
/k/ followed by a word boundary (#); the correct 5 | |
Word2Start was # followed by the onset /st/. 0
(Thus, the responske also had neck sterilitis pf mj
correct for both WordlEnd and Word2Start, 35
whereasWe all suffer Mick’s abilityis wrong on 30 b) Word1End
both measures.) 25
For each subject, an Improvement score was 201
calculated for each measure (Words, Word1End 12:
and Word2Start), by subtracting percentage correct
responses in the pre-test from percentage comect i
post-test. The Improvement scores were submitted pf mj
to 3 between-subjects ANOVAs, one on each 35
variable, each with two factors, Training Voice 30 c) Word2

(Same vs. Different) and Test Voice (MJ vs. PF). ;(5) Start

15+ =
10 A

5 1 |

0 ‘

pf mj

35
30 a) Words
25 -
20 - —

15 - —
10 A || |3 Different Talker

O Same Talker

% improvement

% improvement

3.2. Main results

% improvement

Figure 1a shows the amount of improvement from
pre- to post-test in percentage of Words correctly
reported. Figures 1b and 1c show improvement in
percentage of correct syllable constituents reporte Test talker
at Word1End and Word2Start respectively.

Training with any voice (Same or Different as 4. DISCUSSION

tests) improved performance by ~20-30% for 40 minutes’ exposure to sentences in a talker's
Words and ~10-20% for syllable constituents. This ypjce leads to more improvement in understanding
large improvement is presumably because training novel tokens of those sentences in background
gave all subjects useful experience of the test ngise than does exposure to the identical sentences
sentences: they heard both members of eachin 5 different voice. This Same-Voice advantage is
sentence pair, each in a meaningful context. significant not only for identifying words, but als

Crucially, for all three measures, subjects who for segmenting difficult, phonemically-ambiguous
heard the Same voice at training as in the tests gequences, as reflected in identification of syéiab
improved significantly more than those who heard constituents adjacent to word boundaries. The
a Different voice (Words= (1, 64) = 4.8p < 0.05, results for word identification parallel those @1 [

partial etd= 0.07 Word1End:F (1, 64) = 6.0p < (though the present experiment used a much
0.025, partial efa= 0.09, Word2StartF (1, 64) = shorter training period), while those for

4.6,p < 0.05, partial efa= 0.07). The Same-Voice segmentation are novel.
advantage was 4% for Words, 6% for syllable  couid the improvement in segmentation have
constituents at Word1End, and 5% for Word2Start. arisen merely because familiarization with a voice
The amount of improvement was not affected makes listeners better at segregating that voice
by whether the test talker was MJ or RF>(0.1  from background noise [cf. 7]? If so, the results
for all variables). Nor did the size of the diffeoe might have no interesting implications for the gnit
between Same and Di_fferent \_/oice training de_pe_:nd involved in perceptual learning; they might just
on the test talker (n/s interaction between Tr@nin  reflect the fact that linguistic processing is easi
Voice and Test Voicep > 0.3 for all three  \yhen a voice is more easily separated from noise.
measures). This possibility seems unlikely, however. The
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kinds of properties that may help segregate a voice finding is inconsistent with accounts of perceptual
from noise include pitch, intonation, rhythm, and learning that are based solely on phonemic
amplitude envelope [7]. As the fine detail of these representations [8]. To distinguish between the
properties can cue word boundaries, it is unlikely other two major accounts of perceptual learning for
that familiarity with them would contribute to speech, the non-analytic [3] and prosodically-
segregation, but not at all to word segmentation. structured [4, 11] views, will be best done by
One way to distinguish a segregation-based testing how well learning generalizes to novel
account of the data from the perceptual learning sentences that have similar syllabic and prosodic
account favoured here is to use as the pre-test andstructures. For the present, it is noted that the
post-test task a forced-choice segmentation task, prosodically-structured view most naturally
without background noise. If more improvement is accommodates the data. It accounts not only for
again found after training with the same than a how information about systematic allophonic detail
different talker, this will support the view that at word boundaries is used perceptually, but also
perceptual learning involves modifying linguistic-  for why such patterns exist in speech production in
phonetic representations. the first place.
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