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Abstract

Utterance-, speaker-, and listener-related correlates of speech intelligibility were investigated using
data from the Indiana Multi-Talker Sentence Database and from a talker identification study. The sentence
database consists of 100 Harvard sentences produced by 20 speakers, as well as intelligibility data in the
form of sentence transcriptions from 10 listeners per talker. This database provided us with the means to
investigate some of the sentence- and talker-specific correlates of speech intelligibility. Results showed that
talker-related characteristics such as gender and individual differences in phonetic implementation were
correlated with the observed variability in talker intelligibility. Specifically, the data showed that female
talkers, who tend to exhibit fewer instances of phonological reduction phenomena, were generally more
intelligible than male talkers, who may be less precise in their phonetic implementation of phonological
forms. An investigation of the sentence-related factors that correlate with variability in overall sentence
intelligibility revealed that the number and type of words that comprise a particular sentence were
important factors controlling intelligibility. Sentences with relatively high overall intelligibility were
generally shorter (had fewer words), and had more easy-to-recognize words (i.e. shorter, more frequent, and
more phonetically distinctive words) than sentences with relatively low overall intelligibility. The talker
identification study trained listeners to identify 10 talkers by name over a period of 9 days, after which the
listeners performed a word identification task with novel words spoken by the now familiar voices as well
as by novel voices. These data provided us with the means to investigate the effect of talker familiarity on
speech perception, and the relationship between talker identifiability and talker intelligibility. Results of
this investigation showed that listeners who learned to identify the voices showed an advantage in the word
identification task with words spoken by familiar talkers relative to their performance in the task with
unfamiliar talkers. These data also showed that talkers who were easily identified within the group of 10
talkers were not the most intelligible talkers as measured by the word identification task, implying that
talker distinctiveness and talker intelligibility are not necessarily related.
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On the Contribution of Instance-Specific Characteristics
to Speech Perception

Introduction and Background

The role of variability in the listener’s interpretation of the speech signal has been the topic of
extensive research, and in general, it has been treated as a source of "noise" to be separated from the
meaningful, abstract, symbolic units of speech [1,2]. For example, the general approach of many studies of
speech acoustics has been to perform various measurements of speech sounds as produced various talkers
in various phonetic and/or prosodic environments, e.g. [3-5]. The data are then used to derive
generalizations about the nature of speech sounds and their contextual variation, which can then be used to
investigate the acoustic cues to the related perceptual contrasts. An explicit assumption of this approach is
that the variability inherent in the speech signal presents an “obstacle” to the listener that needs to be
removed, or "stripped away", from the signal to facilitate perception of the underlying abstract linguistic
units. Accordingly, the driving force behind this general research agenda has been the specification of the
principles that underlie the observed variability in the speech signal so that underlying linguistic units can
be perceptually “recovered” by the listener.

In contrast, our theoretical approach treats variability of the speech signal as a useful source of
information that is available to listeners at all stages in their interpretation of the speech signal [6-8]. For
example, this approach predicts that listeners will be sensitive to inter-talker differences; and that, rather
than removing this source of variability from the signal as a consequence of perceptual analysis, listeners
use this information as a basis for identifying talker characteristics that can aid in the interpretation of the
linguistic message. Accordingly, in our acoustic analyses of sentences produced by multiple talkers we
have deliberately avoided averaging across many talkers to derive summary generalizations about speech
production; rather, we focus on inter-talker differences and try to correlate these differences with
differences in listener responses. In general, our approach contrasts markedly with the traditional,
“abstractionist approach” to speech because we focus on instance-specific variation, as opposed to the
traditional emphasis on instance-independent generalizations about idealized, abstract symbolic forms
[9,10].

In keeping with this general theoretical orientation, the research presented in this report is
motivated by three observations regarding variability in speech perception. First, we observe variability in
the intelligibility of different sentences across many talkers and listeners. Second, we observe variability in
the intelligibility of different talkers across many sentences and listeners. And third, we observe variability
in the perceptual strategies used by different listeners in learning to identify the voices of different talkers,
and in their use of this talker-related information in speech perception. In other words, we observe that
some sentences are more intelligible than others, that some talkers are more intelligible than others, and that
some listeners make better use of instance-specific information in speech perception than others. The
findings reported here represent an attempt to identify some of the specific utterance-, talker-, and listener-
related correlates of speech perception.

Two sources of data provide the basis for our analyses. The first set of data comes from a multi-
talker sentence database which includes 100 sentences produced by 20 talkers (ten females and ten males)
giving a total of 2000 recorded sentences [11]. All sentences were taken from the list of Harvard sentences:
[12], and consist of one main clause, five keywords, and any number of additional function words. None of
the talkers had any known speech or hearing impairments, and all recordings were screened for
misarticulations. (Any misarticulated sentences were re-recorded.) This database also includes intelligibility
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scores for each sentence and talker. These scores were obtained from listening tests in which 200 listeners
(ten per talker) transcribed each of the 100 sentences. These sentence transcriptions were then scored
according to a criterion that counted a sentence as correctly transcribed if, and only if, all five keywords
were correctly transcribed. None of the listeners had any known speech or hearing impairments, and the -
sentences were presented to the listeners over headphones in the clear, that is, without any signal
distortions. Examination of these intelligibility data revealed considerable variability in the intelligibility of
individual sentences and individual talkers.

The second set of data comes from a talker identification study [13], in which listeners were trained
over a period of several days to identify the voices of ten talkers (five females and five males). The stimuli
were recordings of isolated monosyllabic words produced by the ten talkers; nineteen listeners were trained
over a nine-day period to identify the talkers by name. On the tenth day, subjects participated in two test
phases: the first was a talker identification task in which subjects were required to explicitly identify the
now "familiar" voices producing a new set of words; the second was a speech intelligibility task in which
subjects identified a new set of words produced by either the old, familiar talkers or by a new set of ten
unfamiliar talkers [13]. The results of this study provide information about the relationship between talker
distinctiveness (that is, talker identifiability) and talker intelligibility, as well as data concerning the
variability in the performance of different listeners in these two types of perceptual tasks.

Taken together, the results from analyses of the multi-talker sentence database ahd the talker
identification study provided us with a rich set of data that we used to explore instance-specific correlates
of speech intelligibility.

SENTENCE-RELATED CORRELATES OF SPEECH INTELLIGIBILITY

We begin with an analysis of the specific sentence-related characteristics that correlate with
variability in sentence intelligibility. The intelligibility tests using the 100 sentences from the talker
variability database showed that the sentence intelligibility scores across all talkers and listeners ranged
from 54% to 98% correct transcription, with a mean and standard deviation of 87.7% and 8.7%,
respectively. In order to examine the sentence-related correlates of this variation in intelligibility, a set of
high-intelligibility sentences was selected for comparison with a set of low-intelligibility sentences. The
high-intelligibility set consisted of all sentences with greater than 95% correct transcription (n=14); the
low-intelligibility set consisted of all sentences with less than 75% correct transcription (n=9). Since all of
these sentences are similar with respect to clause structure, our comparisons of the sets of high- versus low-
intelligibility sentences focused on characteristics such as sentence length and the lexical characteristics of
the individual keywords.

Our first finding in comparing the high-intelligibility sentences and low-intelligibility sentences was
that the high-intelligibility sentences have fewer words on average (7.2 versus 8.2 words per sentence,
p(21)=0.03 by an unpaired 2-tailed t-test). This count of words includes all words in the sentences, even
though the sentence intelligibility scores are based on the correct transcription of only the five keywords in
each sentences. The results suggest that the number of words surrounding the keywords has an effect on
the overall sentence intelligibility: Words in longer sentences are more susceptible to error than words in
shorter sentences. Furthermore, an examination of the repeated transcription errors for both sets of
sentences showed that, although in both cases the vast majority of errors can be thought of as low-level
perceptual errors, a larger proportion of the listener errors for the low-intelligibility sentences can be
thought of as higher-level "memory" errors (14% versus 7%). For example, a repeated, low-level
perceptual error in the high-intelligibility sentences was found in the first word of the sentence, “Kick the
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ball straight and follow through,” which was transcribed as “keep” more than once. Clearly, these two
words are very close phonetically, and both are semantically compatible with the rest of the sentences. In
contrast, a common, higher-level “memory” error in the low-intelligibility sentences was the interchange of
“strong” and “firm” in the transcription of the sentence, “The heart beat strongly and with firm strokes.” In
this case, the source of the error appears to be a memory confusion rather than a misperception. Thus,
based on the higher proportion of such “memory” errors for the low- as opposed to the high-intelligibility
sentence groups, it seems plausible that longer sentences simply have more transcription errors due, in part,
to the higher memory load. '

The second finding from our comparison of high- and low-intelligibility sentences concerned the
keyword characteristics. Across all Harvard sentences, the majority of the keywords were content words,
that is, words that can be morphologically complex such as nouns, verbs, adjectives, and adverbs; however,
in many cases the five keywords of a sentence included one or more function words, that is, words that are
morphologically simplex such as auxiliaries, prepositions, pronouns, and demonstratives. A comparison of
the keywords in the high- and the low-intelligibility sentences showed that the high- intelligibility sentences
had a higher proportion of function keywords (21.4%) than the low-intelligibility sentences (11.1%). Since
function words generally have a much higher frequency of occurrence in the language than content words,
the higher proportion of function keywords in the high-intelligibility sentences leads to a higher mean word
frequency for the keywords in the high- compared to the low-intelligibility sentences (1064 versus 152
occurrences per one million words of printed text, p(113)=0.05)2. Similarly, since function words are
generally shorter than content words, the mean word length for the high-intelligibility sentences was shorter
than for the low-intelligibility sentences (3.6 versus 4.1 phonemes per word, p(113)=0.025). These
analyses suggest that overall sentence intelligibility is related to the mean word frequency and length of the
individual words in the sentence, which are, in turn, related to their lexical status (that is, function versus
content word).

Another difference between the high- and low-intelligibility sentences is related to the neighborhood
characteristics of the keywords [15]. The "similarity neighborhood" of a word is the set of words that differ
from the target word by a one-phoneme substitution, deletion, or addition in any position [15]. The “lexical
density” of a neighborhood is equal to the number of such neighbors, and the mean neighborhood frequency
is the mean word frequency of all the words in a lexical neighborhood. Using these neighborhood
characteristics we can describe a word as “easy” if it comes from a "sparse” neighborhood, and/or its
frequency is higher than the mean neighborhood frequency of other phonetically similar words. Such a
word has been shown to be more accurately and quickly identified than a “hard” word, that is, one that
comes from a "dense" neighborhood, and/or does not occur with a higher frequency than its neighbors [15-
17]. Using a computerized version of Webster’s Pocket Dictionary, which is based on 20,000 entries, the
neighborhood characteristics for the keywords in the high- and low-intelligibility sentences that appear in
this dictionary were found and analyzed’.

As shown in Figure 1, for the high-intelligibility sentences the mean difference between keyword
frequency (1140 per million) and mean neighborhood frequency (185 per million) is quite large (955 per
million); whereas, for the low-intelligibility sentences the difference is 59 per million (209 - 150).
Additionally, a higher percentage of the keywords in the high-intelligibility sentences have higher
frequencies than the mean frequency of the other words in their similarity neighborhood. In terms of mean

? These word frequency counts are based on the Brown Corpus of printed text [14].

3 Of the high intelligibility sentence keywords, 59 out of 70 (84.3%) appeared in this online dictionary; of the low
intelligibility sentence keywords, 43 out of 45 (95.6%) were in this dictionary.
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neighborhood density, however, the high- and low-intelligibility sentence keywords come from equally
dense neighborhoods (13.6 versus 13.3 neighbors per keyword). Thus, based on these analyses, the high-
intelligibility sentences contain keywords that are more distinctive from their similarity neighborhoods in
terms of word frequency, and they are therefore “easier” to recognize than the low-intelligibility sentence

keywords. In other words, these words are more perceptually salient, and therefore less confusible with
other phonetically similar words.

1000 ]
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Figure 1. The mean difference between keyword frequency and mean neighborhood frequency for the high-
and low-intelligibility sentences.

In summary, we have found that the number and nature of words that comprise a sentence have an
effect on the overall intelligibility of the sentence, as measured by listener transcriptions. Specifically,
words in longer sentences are more vulnerable to transcription errors than those in shorter sentences.
Additionally, the lexical and neighborhood characteristics of the individual words that comprise a sentence,
such as word frequency and mean neighborhood frequency, correlate with its overall intelligibility.
Specifically, on average, the high-intelligibility sentences have more function keywords than the low-
intelligibility sentences, resulting in words that are generally more frequent and shorter i length.
Furthermore, the keywords in the high-intelligibility sentences are perceptually more distinctive relative to
other phonetically similar words in their lexical neighborhoods than the keywords in the low-intelligibility
sentences. Earlier work has shown that such lexical and neighborhood characteristics are determining
factors in the speed and accuracy of isolated word recognition [15-17]; the present results extend this
finding to words in sentences by demonstrating that these same lexical characteristics play an important
role in overall sentence intelligibility.

TALKER-RELATED CORRELATES OF SPEECH INTELLIGIBILITY

We now turn to a discussion of variability in talker intelligibility. The mean intelligibility scores
across all 100 sentences for the 20 individual talkers in the talker variability database ranged from 81% to
93% correct transcription, with a mean and standard deviation of 87.9% and 3.1%, respectively. Many
talker-related, or "indexical," factors might be expected to correlate with talker intelligibility, such as
gender, overall speaking rate, dialect, fundamental frequency, vocal tract length and other details of speech
production that can vary idiosyncratically from one speaker to another. In this section, our aim is to
identify some of the talker-related factors that may affect speech intelligibility. We focus here on gender
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and overall speaking rate, as well as on two cases that examine talker-related details of speech timing in
order to understand their perceptual consequences.

In a recent study of the TIMIT multi-talker database [18], Byrd [19] found that the prevalence of
reduction phenomena, such as increased speech rate, reduced frequency of stop releases, alveolar flapping,
and vowel centralization were more prevalent among male speakers than female speakers. Based on this
result, one might expect that the more carefully articulated speech of females would lead to higher
intelligibility scores for females compared to males. In fact, a comparison of the intelligibility scores for
the female and male talkers in our database showed that the females have generally higher intelligibility
scores than the males (89.4% versus 86.3% correct transcription, p(18)=0.02). Furthermore, all three of
the talkers with intelligibility scores above 90% are female, and all three talkers with intelligibility scores
below 85% are male. Thus, this correlation of gender and intelligibility in our database is consistent with
the higher incidence of reduction phenomena for male talkers than for female talkers in the TIMIT database
[19]. Taken together, these two results suggest that male and female talkers differ in the precision of
articulation, and that this difference has an effect on overall speech intelligibility. However, a direct
connection between speech articulation and intelligibility for different talkers still remains to be made from
the same source of data.

Overall speaking rate has been shown to be the primary factor that distinguishes carefully
articulated speech from reduced speech, since many other reduction phenomena can be directly related to it
[20,21]. Thus, we began by examining this factor in our attempt to explore the connection between
reduction phenomena and overall speech intelligibility for male and female talkers. A comparison of the
sentence durations for all 100 sentences for the three talkers with the highest intelligibility scores with those
for the three talkers with the lowest intelligibility scores in the talker variability database revealed that,
indeed, the former are longer than the latter (2054 versus 2008 milliseconds, p(598)=0.03). This suggests
that overall speaking rate and gender are factors that distinguish the most from the least intelligible talkers.
However, we also found that the mean sentence durations for all ten males were longer than for all ten
females (2155 versus 2085 milliseconds, p(18)<0.001), and that for all 20 talkers, mean sentence duration
did not correlate with mean talker intelligibility (r = 0.073). Thus, although the most and least intelligible
talkers in this sample can be distinguished by both gender and speech rate, when the whole set of speakers
is included in the analysis, the correlations between gender and rate, and intelligibility and rate no longer
hold.

In summary, it appears that gender may indeed correlate with talker intelligibility; however, it is
not immediately apparent that, for all speakers, this correlation is due to overall speaking rate. This result
leads us to suspect that, although speech rate may play a role in determining the intelligibility of a talker (as
shown by the rate difference between the three highest and the three lowest intelligibility scorers in our
talker variability database), there are additional factors that can vary independently from overall rate and
that contribute to overall talker intelligibility.

In order to investigate the fine-grained variability in timing details that may contribute to talker
intelligibility, we present two cases of consistent listener errors that shed light on the perceptual
consequences of some idiosyncratic timing differences between talkers. The first case comes from the
phrase, “The walled town...” which was often transcribed by listeners as “The wall town ...”. This error
constituted 90% of the transcription errors for this sentence. In order to determine the acoustic factors that
correlate with /d/ recognition in this phrase, various portions of the speech signal for each speaker were
measured and then correlated with the rate of /d/ recognition for that speaker. The vowel-to-vowel

durations, that is, the portion between the /al/ of “wall” and the /a%/ of “town,” was measured from the
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point at which there was a marked decrease in amplitude and change in waveform shape as the preceding
vowel-sonorant sequence ends, until the onset of periodicity for the following vowel. In almost all cases,
this portion consisted of a single /d/-like closure portion and a single /t/-like release portion. Most talkers
(18/20) did not release the /d/ and then form a second closure for the /t/. Furthermore, the /d/ closure
portion generally consisted of a period with very low amplitude, low frequency vibration, followed by a
silent portion and then the /t/-like release burst and aspiration periods. Separate acoustic measurements of

all of these components of the vowel-to-vowel period were taken, as well as the duration of the preceding
/wal/ sequence.

Rank order correlations of these measures with the rate of /d/ recognition for each talker showed
that the total vowel-to-vowel duration correlated quite highly with /d/ detection (Spearman rho = 0.702),
however, an even higher correlation was found with the duration of voicing during the /d/ closure
(Spearman rho = 0.744). In fact, this correlation between the absolute amount of voicing during the /d/
closure and the rate of /d/ detection for the individual talkers was stronger than any other proportional
measure of this period. For instance, the rank order correlations with rate of /d/ detection for the
proportion of voicing during closure to the total closure duration, and to the duration of the preceding word
were only -0.412 and 0.033, respectively. In other words, the duration of voicing during closure, in an
absolute sense, appears to be the most reliable cue to the presence of a voiced consonant in this phonetic
environment. Inter-talker variability in voicing during voiced stop closure is a well-documented
phenomenon in the production of American English, e.g. [22]. The present correlation of the talker:
intelligibility data with the acoustic data provides a direct perceptual correlate of this source of variability
and shows that listeners are, indeed, sensitive to this acoustic-phonetic variation, and use this information
as a cue to the presence or absence of a segment.

The second case of a consistent listener error occurred in the phrase “the play seems,” which was
often transcribed by listeners as “the place seems.” This error constituted 70% of all the transcription
errors for that sentence. In this case, we examined the timing details of the acoustic signal in order to see
what determined the syllable affiliation of the medial /s/. Measurements were taken of the duration of the
/s/ (marked by the high frequency, high amplitude turbulent waveform) and of the preceding and following
syllables (/plej/ and /simz/ respectively). Results showed that the absolute duration of the /s/ does not
correlate very strongly with the rate of “play seems” transcription (Spearman rho = -0.254); whereas, when
taken as a proportion of the /plej/ duration, that is, as a proportion of the preceding word, the rank order
correlation with rate of “play seems” transcription is quite strong (Spearman rho = -0.653). In other
words, the longer the /s/ relative to “play,” the more likely it is to be syllabified by a listener as both the
coda of the preceding word, and the onset of the following word. Thus, in this case the listeners appear to
draw on more global information about the speaking rate of the talker in deciding on the placement of the
word boundary (see [23,24]).

Furthermore, in this case, there appears to be a gender-related factor in the timing relationship
between the medial /s/ and the preceding word, “play.” In general, the duration of the /s/ relative to. the
preceding word was shorter for the female talkers than for the male talkers; and consequently, the female
talkers’ renditions of this phrase were more often correctly transcribed. Thus, in this case, the female .
talkers as a group appear to be more precise with respect to controlling this timing relationship than their
male counterparts. Although this case is not a matter of reduction (in fact, the correct form is shorter in
duration), the apparent gender difference in speech production, which is, in turn, correlated with rate of
correct transcription, is consistent with the hypothesis that the more carefully articulated speech of female
talkers is also more intelligible. Moreover, this case provides an example that explains why overall speech
rate is not the only, or even the primary, talker characteristic that determines talker intelligibility: finer
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acoustic-phonetic details of the timing relations between phonetic segments in an utterance make an
important contribution to overall speech intelligibility.

LISTENER-RELATED CORRELATES OF SPEECH INTELLIGIBILITY

Information about the variability in speech intelligibility due to listener-related factors was
obtained from the talker identification training studies, in which the listeners could be divided into two
groups based on their performance during training [13]. In this study, nineteen listeners were trained to
explicitly identify by name the voices of ten talkers producing isolated, mono-syllabic words. By the ninth
day of training, nine listeners were able to identify the talkers with greater than 70% accuracy (the “good”
listeners); whereas, the remaining ten listeners failed to reach this level of accuracy (the “poor” listeners).
In order to investigate this difference in listener performance, confusion matrices that counted the number
of times listeners confused each voice with each of the other nine voices were generated. Separate
confusion matrices were generated for the “good” and “poor” listeners, which were then subjected to two
separate multi-dimensional scaling solutions [25]. In this way, the psychological dimensions that
differentiate the talkers’ voices for the “good” and the “poor” learners could be explored.

Figure 2 shows the scaling solutions of the confusion matrices for the two groups of listeners at the
end of the training period. Both groups of listeners were successful in separating male from female talkers
along dimension 1 (not shown in the two-dimensional plots of Figure 2). However, by the end of the nine-
day training period the "good" listeners seem to use dimension 3 to distinguish the female talkers and
dimension 2 to distinguish the male talkers. In contrast, the “poor” listeners seem to use both dimensions to
distinguish all ten talkers, and, consequently are less successful at the talker identification task than the
"good" listeners. Thus, these scaling solutions demonstrate that listeners differ in the strategies they use to
learn to explicitly identify different talkers, and that talkers differ in their distinctiveness. This finding
raises two issues. First, does the fact that a talker’s voice is clearly identified help the listener to recognize
words produced by this talker? And second, is talker distinctiveness related to overall talker intelligibility?

"Good" learners "Poor" learners
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Figure 2. Multi-dimensional scaling solutions for the “good” and “poor” listeners in the talker identification
training study (from [13, 25]).
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In response to the first issue, we found that in the test phase of the study, the "good" listeners
showed an advantage in the word recognition task for novel words produced by familiar voices over novel
words produced by unfamiliar voices; whereas, the "poor" listener group did not show any difference due to
voice familiarity in the word recognition task. Thus, the "good" listeners apparently use their knowledge
about a talker's voice such that their performance on a word recognition task is enhanced relative to the
"poor" listeners. This result suggests that listeners differ in their ability to learn to identify talkers’ voices
and that these differences in perceptual learning do indeed affect speech perception.

We have seen that from the listener’s point of view, individual voice identification and word
recognition interact, producing an advantage in the recognition of novel words spoken by familiar voices
relative to unfamiliar voices (see also [26-28]). A related question is whether talker distinctiveness and
talker intelligibility are correlated; in other words, is the most distinctive voice also the most intelligible
voice? It is clear from the data in the talker variability database that some talkers are more intelligible than
others. Furthermore, it is clear from the talker identification training study that some talkers’ voices are
more distinctive than others; for example, as shown in the scaling plots in Figure 2, some talkers are more
easily distinguished from the other nine talkers by both the “good” and “poor” groups of listeners.
However, the data from the talker identification training study indicate that the overall rank order
correlation for the ten talkers’ identifiability and intelligibility scores is quite low (Spearman rho = -0.143),
indicating that voice intelligibility and identifiability are not well correlated. Thus, it would appear that
from both the listener’s and the talker’s points of view, individual voice identifiability and speech
intelligibility are separate factors that, although not correlated, can interact to the extent that instance-
specific characteristics are employed in the general processes of speech communication.

CONCLUDING REMARKS

The findings reviewed in this report suggest that the “indexical” [29] or “personal” properties of speech
may play an important role in speech perception by placing constraints on phonetic and lexical
interpretation. Human listeners apparently do not discard the fine instance-specific phonetic details that are
encoded in the speech signal. As we have seen from two separate sets of analyses, these acoustic-phonetic
details are preserved in memory and provide a rich source of information to assist in speech perception.
Specifically, the results of these investigations provide a clear demonstration of the relationship between
variation in speech intelligibility and variation of the speech signal due to sentence- and talker-related
characteristics. The results also show that the lexical and neighborhood characteristics of the words that
comprise a sentence correlate with its overall intelligibility, implying that lexical characteristics that
determine isolated word intelligibility operate at the sentence-level as well. Additionally, we found a
correlation between inter-talker differences and overall talker intelligibility, suggesting that listeners are
sensitive to the fine-grained acoustic-phonetic details that distinguish the speech of one talker from another,
and that these differences contribute to a specific talker’s overall intelligibility. Taken together, the
correlation between word-level characteristics and overall sentence intelligibility, and the correlation
between fine-grained acoustic-phonetic differences and overall talker intelligibility, demonstrate the
important role that variability plays in controlling speech intelligibility. Thus, the pattern of results that
emerges is one in which seemingly small, detailed effects are retained throughout the process of speech
perception. The results indicate that, rather than being normalized to fit an abstract, idealized symbolic
representation of the meaningful units of speech, these sources of low-level variability in the acoustic signal
“propagate up” to higher levels of processing to modulate speech intelligibility.

The results of the talker-identification training study provide a direct demonstration of listener-
related differences and the effect these strategies have on speech perception. The data also show that a
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listener’s ability to learn to identify talkers’ voices transfers to the recognition of new words produced by
the familiar talkers. Thus, listeners apparently retain "talker-specific” information in memory and make
use of this stored information in speech perception and spoken word recognition. This. study suggests that
speech perception is a "talker-contingent process,” and that the talker-specific, indexical properties of
speech may not be clearly dissociated from the abstract, linguistic properties; rather, listeners appear to be
sensitive to both types of information in the speech signal, and knowledge about a talker’s specific vocal
tract properties may assist in the perception of that talker’s speech.

We interpret these results as providing a demonstration of the contribution of instance-specific
information to speech perception. Rather than viewing the inherent variability of the acoustic speech signal
as “noise” that is somehow filtered out, or "normalized," by the processes of speech perception, we consider
instance-specific variability as information in the stimulus that is directly encoded in the neural
representation of speech, and is operative throughout the processes of speech perception and spoken word
recognition.
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