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ABSTRACT

Vowels tend to be reduced in words that are seman-
tically predictable from context, an effect amenable
to talker- or listener-oriented accounts of speech pro-
duction. This study explored the role of perception
in these accounts by testing for effects of seman-
tic predictability on vowel production in the face
of impaired speech perception (but otherwise nor-
mal hearing)—namely, in a patient with pure word
deafness. Analysis of the patient’s English vowels
in read speech showed no effect of semantic pre-
dictability on vowel duration, but the expected effect
on vowel dispersion: vowels tended to be less dis-
persed in predictable than in unpredictable words.
Overall, these findings contradict listener-oriented
accounts of reduction relying on stored exemplars or
online perceptual modeling, suggesting instead that
reduction arises due to talker-centric factors related
to activation of long-term, abstract representations.

Keywords: vowel space reduction, semantic pre-
dictability, pure word deafness, Houston English.

1. INTRODUCTION

Production of speech sounds is influenced by many
variables, such as a word’s neighborhood density, its
frequency, and its semantic predictability from the
preceding context. In general, reduction in tempo-
ral and/or spectral dimensions occurs when a word
exists in a dense neighborhood (cf. [20]), is highly
frequent, and is highly predictable from the context
[6, 7, 16, 24]. These reduction patterns are of inter-
est to linguistic theory because they have informed
our understanding of speech production—in partic-
ular, of the roles played by the talker and the listener.
Many production patterns are amenable to talker- or
listener-oriented accounts, which are not mutually
exclusive (cf. the “H&H Theory” of [17]).

The semantic predictability effect is no exception
to the two-sidedness of phonetic reduction patterns.
On the one hand, this effect may be a talker-centric
phenomenon: high predictability facilitates lexical
access, leading to faster articulatory planning and,

in turn, faster articulation of predictable words. On
the other hand, the effect may be due to the listener:
unpredictable words, whose interpretation does not
benefit from contextual clues, are more likely to be
misperceived by the listener, which leads to blocking
of reduction and/or hyperarticulation in these words.

Although high predictability is generally associ-
ated with increased reduction, some studies have
shown that factors influencing reduction interact
with specific indexical factors [18, 19, 24], which
can result in the opposite pattern (cf. [26]). For in-
stance, when a dialectal vowel shift has the effect of
making vowels more peripheral (e.g., /&/-fronting
in the Northern Cities Vowel Shift), high predictabil-
ity leads to more temporal reduction, but less spec-
tral reduction—an effect attributable to greater pro-
cessing ease allowing for greater production of in-
dexical features [5].

Cross-dialect variation in the semantic pre-
dictability effect was attributed by [5] to talker-
oriented factors, but can also be explained in terms
of listener-oriented considerations. Dialect-specific
(i.e., non-standard) features such as /a/-fronting
may lower intelligibility for listeners of different di-
alectal backgrounds, so they may be selectively sup-
pressed in low-predictability contexts for the benefit
of the listener. In this way, listener-oriented factors
could also lead to dialect-specific realizations of the
semantic predictability effect.

In the current study, we capitalize on the etiol-
ogy of a selective deficit in speech perception—a
rare disorder called clinically pure word deafness
(PWD)—to further explore the talker- and listener-
oriented accounts of reduction, taking the seman-
tic predictability effect as our test case. PWD is a
condition that, in its canonical form, impairs speech
perception while leaving non-speech perception and
language more generally intact. PWD thus provides
a unique opportunity to examine the role of percep-
tion in reduction, especially in relation to a listener-
oriented account.

The perceptual impairment in PWD holds vari-
ous possible consequences for reduction. If reduc-
tion arises because of talker-centric factors that are
not based on perception (e.g., speed of lexical ac-



cess), then a patient with PWD should show these
same patterns. That is to say, insofar as perception
is not necessary for production, PWD should not in-
terfere with normative phonetic reduction. On the
other hand, failure of a PWD patient to show reduc-
tion where expected would suggest either that the
talker-oriented factors underlying reduction are de-
pendent on perception, or that these factors are not
in fact talker-oriented, but rather listener-oriented.

Listener-oriented factors could lead to context ef-
fects on production in one of two ways. First, in
an exemplar framework [9, 11], the talker may draw
upon stored exemplars of the target word whose as-
sociated features match those of the given utterance
conditions; thus, for low-predictability contexts, ex-
emplars from low-predictability contexts (which are
relatively unreduced) would be the ones activated,
thereby leading to a lack of reduction in these con-
texts. Second, the talker may engage in online per-
ceptual modeling of the listener, monitoring her out-
going speech along with the context to estimate the
likelihood of veridical perception and modulating
articulation in order to maximize this likelihood.

These two routes of listener-oriented production
lead to the same prediction for long-term cases of
PWD: no contextual reduction. In the first instance,
since exemplars are posited to decay over time, pro-
longed decay without perceptual replenishment by
new exemplars should eventually leave no reduced
exemplars to draw upon in high-predictability con-
texts (whereas unreduced exemplars may survive for
longer due to their greater perceptual saliency). In
the second instance, perceptual impairment should
prevent active speech monitoring.

To test this prediction, we examined the speech
of a long-term PWD patient, “NL” (a subject code;
we use the same code as in [25] to make it clear
that we are examining the same individual), to see
whether or not he would show evidence of preserved
reduction. Given the profile of his PWD (see Sec-
tion 2.1), NL is an ideal candidate to test whether
the semantic predictability effect in speech produc-
tion occurs in the absence of speech perception. For
nearly a decade, NL has been unable to perceive spo-
ken words, without a corresponding impairment in
speech production.

2. METHODS
2.1. Subject

NL is a native English-speaking male, who was in
his late 60s at the time of testing. NL suffered a cere-
brovascular accident (stroke) in July of 2005 (8.5
years prior to the onset of testing). The stroke re-

sulted in damage to the left temporal and parietal
lobes of the brain, but no appreciable damage to the
right hemisphere or to cross-hemispheric connectiv-
ity (for further details, see [25]).

Background assessment revealed severe difficul-
ties in single word comprehension, including im-
paired performance on minimal pair discrimination
(82% accurate, PALPA 2; [13]), poor performance
on spoken word/picture matching [4], and the abil-
ity to repeat only 10 of 120 spoken words on the
Philadelphia word repetition task [23]. In contrast,
non-speech auditory perception, as indexed by the
ability to recognize environmental sounds [4], was
no different from that of age-matched controls.!
Furthermore, NL showed no obvious impairment in
spoken language production, at least in terms of ac-
curacy, scoring within normal range on the Philadel-
phia Picture Naming Task [22]. NL was also unim-
paired in tests of semantic knowledge and writ-
ten language comprehension, scoring within normal
range on both the picture and written versions of the
Pyramid and Palm Trees test [10].

Raised and resident in the dialect region of Hous-
ton, Texas for most of his life, NL speaks a relatively
conservative variety of Houston English, which
manifests many (but not all) of the features de-
scribed in the sociophonetic literature on Texas En-
glish and Southern English [8, 14, 15]. The charac-
teristic Southern monophthongization of /ar/ is re-
alized in an allophonic split: monophthongal [a:] be-
fore voiced consonants and word-finally (e.g., nine,
sky, smiled), but diphthongal [a1] before voiceless
consonants (e.g., fight, Mike’s, wipe, tighten). On
the other hand, the /a/-/5/ merger found throughout
most of Texas [2] does not occur, as NL maintains
the distinction between these vowels. This is shown
in Fig. 1, which plots NL’s (monophthongal) vowel
space based on all the vowels carrying primary stress
in content words in his read speech (see Section 2.2).

2.2. Materials

The materials for the reading corpus comprised 36
pairs of sentences created by [12]. The two sen-
tences in each pair ended in the same critical word,
but differed in terms of the predictability of that
word given the preceding context: LOW (LP) vs.
HIGH (HP). Sentence lengths in the LP condition
(M =9.9 words, SD = 4.1) and HP condition (M =
9.8 words, SD = 4.3) were not significantly differ-
ent [#(35) = 0.200, p = .843]. An example sentence
pair is given in (1) for the word seeds.

(D) a.  You have considered the seeds. (LP)
b.  Watermelons have lots of seeds. (HP)



Figure 1: NL’s monophthongal vowel space
(CENTER = mean F; and F; over vowels shown).
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The 36 critical words were all monosyllabic and
mostly consonant-final. Together they exemplified
the vowels in 13 lexical sets of General American
English [27]: /itee & aou A orarav/.

2.3. Procedure

Testing was carried out in a soundproof room in two
sessions approximately two months apart in 2013—
14. The sentence materials were randomized and di-
vided between the two sessions, such that only one
sentence from a pair occurred in each session and
each session consisted of an equal number of sen-
tences from the LP and HP conditions. Sentences
were presented one per page in size 24 Courier font.
NL was given written instructions to read the sen-
tences as quickly and accurately as possible, and his
speech was recorded with a Samson CO1U USB mi-
crophone directly into Praat [3] on a MacBook Pro.

2.4. Analysis

Recordings were annotated and analyzed acousti-
cally in Praat. Vowel landmarks in each critical word
were marked manually on a wide-band Fourier spec-
trogram (window length: 5 ms, dynamic range: 50
dB). Vowel onset was marked at the first time point
where periodicity, high amplitude, and the first two
formants (F; and F;) were visible. Vowel offset was
marked either at the last point with both periodicity
and formants (obstruent- and vowel-final items) or
at the drop in amplitude and onset of antiresonances
for a final nasal or lateral.

Formants were measured over the middle 50 ms
of each vowel demarcated in this way using linear
predictive coding (LPC) analysis. Formant track-

Figure 2: Mean duration, by vowel/condition.
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ing was checked visually for every token, and for
the few with tracking errors measurements were cor-
rected by hand. On the basis of these measurements,
a vowel dispersion measure was calculated for each
vowel token as in [5], representing the Euclidean
distance in F; x F> Bark space from that token to
the center of the vowel space (see Fig. 1).

3. RESULTS
3.1. Vowel duration

As shown in Fig. 2, semantic predictability did not
have a consistent effect on vowel duration, although
there was a tendency for vowels to be longer in the
HP condition (Myp = 190 ms; cf. M;p = 182 ms).
Compared to duration in the LP condition, duration
in the HP condition was shorter for 3 vowels (/o iz
ar/), longer for 7 (/1e & o1u A av/), and virtually the
same for 3 (/i€ a/). A Wilcoxon signed-rank test
showed that the difference between conditions was
not significant [W =221,Z = —1.296,p = .199].

3.2. Vowel dispersion

In contrast to the lack of temporal reduction, there
was a strong trend toward spectral reduction in the
expected direction: overall, vowels were less dis-
persed in the HP condition (Myp = 2.02 Bark; cf.
M;p = 2.10 Bark). This was the case for 11 vow-
els (Fig. 3); the two exceptions were /e/ and /ai/,
which showed the opposite effect. The reversal for
/e/ may be attributed to a large duration difference
that went in the unexpected direction (Fig. 2). How-
ever, this cannot account for the reversal for /ai/,
since /ar/ showed the expected duration difference.

To better understand the patterning of /ar/, the



Figure 3: Mean dispersion, by vowel/condition.
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data were further inspected by item. This analysis
revealed that the overall reversal for /ar/ was due to
three items with a final nasal (line, nine, time); the
other two items (fight, sky) went in the expected di-
rection. Since the former items are words in [a:], a
front monophthong that is a salient marker of NL’s
dialect [1, 21], their failure to show spectral reduc-
tion may reflect an effect seen for /&/ in [5]: en-
hancement of indexical features in contexts of high
predictability. However, it is unclear why this en-
hancement is specific to words with a voiced coda
and does not extend to the vowel-final word sky.?

Given the split in patterning of /ar/, the two con-
ditions were compared twice (using the Wilcoxon
signed-rank test): once including all items, and once
including all items except those in [a:]. The differ-
ence between conditions did not reach significance
in the first test [W = 406,Z = 1.147, p = .129], but
did in the second [W = 356,Z = 1.720, p = .044;
n = .22]. Together these results suggest that NL
shows a semantic predictability effect on reduction,
but in a dialect-specific manner for /ar/.

To facilitate comparison with previous findings,
the mean decrease in dispersion from the LP to HP
conditions was also calculated over the subset of
vowels examined in [5]: /i ® a A/. For NL, the de-
crease in dispersion over these vowels was the same
as for [5]’s Southern talkers (who, it should be noted,
were female and mostly not from Texas): 0.07 Bark.

4. GENERAL DISCUSSION

To summarize, NL showed no evidence of temporal
vowel reduction, but did show evidence of spectral
vowel reduction in contexts of high semantic pre-
dictability. NL spectrally reduced to a similar degree
as perceptually unimpaired talkers, and this spectral

reduction occurred in spite of the lack of temporal
reduction. In fact, 7 out of the 11 vowels that were
spectrally reduced in the HP condition were actually
longer in that condition, thus strengthening the find-
ing of spectral reduction.

Although it should be borne in mind that this was
a case study with relatively low power, the results
are nevertheless challenging for listener-oriented ac-
counts of phonetic reduction which understand re-
duction ultimately as a product of perception, since
NL shows evidence of preserved reduction after
years of living with PWD. Therefore, if reduction (or
the lack thereof) is an audience-design phenomenon,
it cannot be based on proximal speech perception
(e.g., recently perceived exemplars of reduction or
online perceptual modeling of the listener).

For NL, modeling of the listener could only be
accomplished via linguistic representations that are
both long-term and abstract. The observed produc-
tion disparities across contexts could, for example,
be derived by applying a rule of hyperarticulation
to abstract representations in low-predictability en-
vironments. Such a rule, however, would need to be
stochastic in nature in order to produce the appropri-
ate variability across words and contexts in the size
of the semantic predictability effect. In other words,
if the relevant lexical representations are not them-
selves probabilistic (e.g., exemplar clouds), then the
mechanisms that act on these representations to pro-
duce the semantic predictability effect must contain
a probabilistic component.

On the other hand, a talker-oriented account of
NL’s preserved reduction is relatively straightfor-
ward. According to this account, production dis-
parities arise across contexts because a biasing
(high-predictability) context facilitates lexical ac-
cess, speeding activation of the target word and, ul-
timately, its articulation. Crucially, such an effect
could lead to the observed reduction patterns regard-
less of whether lexical representations are proba-
bilistic or abstract. Moreover, under the assumption
that articulatory plans associated with a word are in-
dependent of perception (at least once the word has
been fully acquired), context effects on production
are expected regardless of perceptual impairment.

In conclusion, the contributions of this study are
twofold. First, it presents production data from a
rare perceptual disorder that, while not incompatible
with a listener-oriented account of reduction, more
clearly support the talker-oriented account. Sec-
ond, it provides evidence that lexical representations
must include a long-term, abstract component that
can serve speech production in perceptually impov-
erished circumstances.
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! The main exception is with music: although NL per-
forms at the same level as controls on consonance judg-
ments, he has trouble discriminating melodic phrases. As
[25] observe, however, “[w]hether this reflects problems
with the processing of melody or harmonic structure, dif-
ficulty with musical memory, or simply is a function of
[NL’s] premorbid lack of musical interest and aptitude is,
unfortunately, impossible to tell” (p. 226).

2 One possible reason is a difference in the confusability
of [az] finally vs. non-finally. Compared to final posi-
tion, in non-final position the monophthongal quality of
[a:] may be more salient (and, thus, more indexical) be-
cause in that position [a:] is more confusable with nearby
monophthongs (e.g., /a &/, which are either dispreferred
or disallowed word-finally in American English).



