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This talk examines “naive” listeners’ perception of
prominence in ordinary speech.

Part 1. Prosody transcription by naive
listeners: Methods and evaluation

Part 2. Prominence from three perspectives:
Hearer
Speaker
Lexical factors

Part 3. A processing model of prosodic
prominence
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What is prosodic prominence? ?
7

o Speakers produce words with acoustic
prominence when they are

— Important to the goal of the discourse

— Unpredictable
— Frequent
— Not GIVEN
Aylett & Turk 2004; Bell et al. 2003; Bolinger 1972; Calhoun 2006;

Fowler & Housum 1987; Gregory 2002; Ito, Speer & Beckman
2004; Watson et al. 2008
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What is prosodic prominence? ?
7

 Listeners perceive words that have
acoustic prominence as

— Referring to NEW entities in the discourse

— Referring to entities with contrastive focus
(“kontrast”)

 Non-prominent words are perceived In
assoclation with prior discourse context

Arnold 2008:;: Dahan et al., 2002; Fowler & Housum 1987:
lto & Speer 2008
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Research methods ?
N

How is prominence identified in experimental
materials?

design criteria (e.g., focus) with acoustic evidence

expert’'s perception (ToBl) + acoustic evidence

What are the acoustic cues for prosody and are
they consistent across speech styles?

Are there other cues?
How is prosody perceived by “naive” listeners?
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Prosodic transcription: ‘r)

a data collection method s

* Reliablility

« High agreement rates between transcribers on the same
utterance(s) are taken to indicate:

— Speakers produce salient acoustic cues to prosody, and

— Listeners perceive acoustic cues similarly.

Prosody perception is signal-driven

OR... prosody perception is influenced by other
factors related to linguistic structure, or due to
processing.

Prosody perception is expectation-driven



How do ordinary listeners
perceive prosody in everyday speech?

Perception (Hearer)

Lexical factors Production
- frequency (Speaker)
- repetition
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How do ordinary listeners \f)
perceive prosody in everyday speech? :l

* Do listeners differ in how they perceive prosody
for the same utterance?

— A qualified “yes”

e Do speakers differ in how they signal prosody?
— yes

 What properties of an utterance determine how
prosody Is perceived?

— Acoustic
— Lexical: word (log-) frequency; word repetition
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Our method:
Naive prosody transcription

Adapting a method from Rotondo 1984, Streefkerk et al. 1997, 1998;
Swerts 1997; Buhmann et al. 2001

» The transcribers: many (80+) “naive” listeners.

» The transcriptions:. identify prominent words and locate
boundaries, ignoring differences in type (ie., tune or strength)

» The analysis: evaluates variation in prosodic transcription across

listeners and assigns probabilistic prosody labels
« Speed: Real-time comprehension, to diminish strategic analysis

* Reliability: measured using Fleiss’ Kappa statistic to calculate

agreement rates for multiple (> 2) transcribers.
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Our method:
Naive prosody transcription

Listeners hear speech excerpts from the Buckeye Corpus
of American English spontaneous speech (Pitt et al. 2007)

— 38 short excerpts ~ 3000 words
— 9 long excerpts

Listeners mark-up a printed transcript of each excerpt (no
punctuation or capitalization):

“In normal speech, speakers pronounce some word or words
In a sentence with more prominence than others. The
prominent words are in a sense highlighted for the listener,
Tran{ @nd stand out from other non-prominent words. In some of
PO the excerpts you will hear, you will be asked to mark all
prominent words by underlining them.”

&
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Assessing inter-transcriber agreement

z=2.32, =0.01
C > Grp.1 Grp.2 Grp.3 Grp.4

_ Kappa 0.373 0.421 0.394 0.407
Prominence
i [ 19.43 20.48 18.15 18.31
Kappa 0.612 0.544 0.621 0.575
Boundary
ya 27.62 21.87 25.05 26.22

Fleiss’ multi-rater Kappa coefficient & z-statistic were used to assess agreement

Agreement between transcribers is highly significant for labeling of
prominent words and boundaries

Agreement is higher for boundaries than for prominent words.
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Variability in perceived prosody
-- by speaker

Mean number of words between prominences and boundaries

12.0
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8.0

6.0

# words (mean)

2.0

0.0

P-interval

B-interval

4.0 |r

@2 21 25 39

Q4 24 26 2 33)33

4516 10 3 17 13 14

Speaker (by id. number)

Interval for P > B

Some chunks have
no prominences!

Interval for P = B

One prominence per
chunk.

Interval for P < B

Multiple prominences

per chunk.
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Interim Summary: Part 1

* Nalve transcribers agree on the location of
prosodic boundaries and prominent words in
spontaneous speech at levels well above

chance.

e There Is variation in the transcriptions across
listeners, and by speaker.

Variation in the frequency of prominence labels

« Variation in perception yields a probabillistic
prosody score for each word.
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. . H
Correlates of perceived prominence: \
Acoustic factors (Mo, 2008 Speech Prosody) ) .

« Words perceived as prominent have stressed
vowels with longer duration

e Less reliably, prominent words have stressed
vowels with greater spectral emphasis”
compared to vowels in non-prominent words.

“intensity peak in middle freq. range
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. . H
Correlates of perceived prominence \
Acoustic factors (Mo, 2008 Speech Prosody) ) .

These findings are consistent with other studies where
prominence Is identified by expert transcribers. The
primary acoustic correlates of prominence are:

DURATION
Overall INTENSITY
SPECTRAL EMPHASIS (bandpass filtered intensity)

... and conflicting evidence for F

Heldner 2003; Kochanski et al. 2005;
Silpo & Greenberg 2000; Sluijter & van Heuven 1996
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Correlates of perceived prominence
(Mo, 2008 Speech Prosody) ) .

Comparison of naive and trained ToBI transcribers on a
subset of our data

« Agreement in Prominent (Accented) label is highest for
nuclear accent (rightmost in prosodic phrase).

 Lower agreement for pre-nuclear accents.

e Suggests that naive listeners are responding
most consistently to nuclear accented and
unaccented words, but missing many pre-
nuclear accents.
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Correlation between P-score

and word’s log-frequency

Token frequency based on occurrence in Switchboard

COrpus
data set N R? | Pearson’s
correlation
short excerpts 2024
short, w/o frequently reduced 1217
words
short, w/o function words 778
long excerpts 3810
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Higher-frequency words /
are perceived as less prominent AS

Word log-frequency is negatively correlated with P-score

data set N RZ | Pearson’s
| correlation__
short excerpts, all words 2024 .255\ /505 **\ -

** gsignificant at
short, w/o frequently reduced 1217 |.087 -432 ** p <.001 (1-tail)
words
short, w/o function words 778 091/ \ -.302 **
long excerpts 3810 | .187 \-.432 *x /

~~_~"

Removing function words reduces Frequency effect
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Repeated words are perceived as less
prominent
L S
101 The trend extends
over the 1st-3rd
81 on ..
repetition
) Q18
° But, perceived
41 prominence trends
) . .
S upward again with
A i 4th and subsequent
O oo repetitions in these
. _ data

v v v
N 76 76 8

REP1 REP2 REP3 REP4+

LabPhon 11 21 j[



Correlation between P-score
and Repetition index of word

/A,

Repetition within excerpt, only repeated words included in analyses.

data set

repetition coding

N

RZ

Pearson’s
correlation

short excerpts

short excerpts, w/o function words

long excerpts
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Correlation between P-score
and Repetition index of word

/A,

Repetition within excerpt, only repeated words included in regression.

data set repetition coding N R? Pearson’s
correlation

full model (1t- 6" rep.) | 891

short excerpts
1stys, 2Mdys, 31 + 891

short excerpts, w/o function words | full model (1t — 4% rep.) | 164

long excerpts full model (1- 5"+ rep.) | 481

long excerpts 1stvs. 2Md rep. only 299
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Repeated words are perceived as less
prominent
L S
Repetition is negatively correlated with P-score
data set repetition coding N R? Pearson’s
cyﬁ@l’a\ion
full model (15t- 6" rep.) | 891 |.013 |/-.113 **\
short excerpts
1stys, 2ndys, 3rd + 891 |.016 (| -.128 **

short excerpts, w/o function words | full model (15— 4" rep.) | 164 |.059 }4&
long excerpts full model (1% 5"+ rep.) | 481 |.002 \‘\06_1) /

.

long excerpts 1stys. 21 rep. only 299 | .017 W
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Frequency trumps Repetition
in correlation with perceived prominence

A,

data set

Factor

Pearson’s
correlation

RZ

R?change

short excerpts
all words
(N=891)

Repetition
(1stvs. 2ndys, 31 +)

Log-frequency

long excerpts
all words
(N=380)

Repetition
(1stvs, 2nd ys, 31 +)

Log-frequency

Word repetition and log-frequency as predictors of P-scores
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Frequency trumps Repetition
in correlation with perceived prominence AS

L
data set Factor Pearson’s | R? R?change
correlation o
short excerpts | Repetition -.108 ** 012 012 \ )
all words (1stvs. 2ndys, 31 +) | 231
(N=891) Log-frequency _469%* | .220 219
<
long excerpts Repetition -.143 ** .020 .020
all words (1stvs, 2nd ys, 31 +)
(N=380) ~ .186
= Log-frequency _432%% | 187 Q6y
Freq. and
Rep.
Word repetition and log-frequency as predictors of P-scores combined
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Interim Summary | /A\
S

 There are acoustic correlates of perceived

prominence in duration (and intensity) measures
from stressed vowels.

e Lexical frequency and repetition in discourse are
significantly correlated with perceived prominence

INn our data:

High-frequency (and repeated words) are less
likely to be judged as prominent than low-
frequency or non-repeated words.
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LAS

Prior studies show that word-frequency and
repetition have acoustic correlates in duration
and intensity.

Are the effects of frequency and repetition on
perceived prominence in this study
modulated through acoustic information?
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Acoustic correlates of Frequency and

Repetition

H
LAS

Acoustic measures taken from stressed vowel, no function words included

Data from short excerpts

Log-Frequency (R?)

Repetition (R?)

Duration

RMS intensity

RMS intensity, 0-500 Hz

RMS intensity, 500-2000 Hz

RMS intensity, 2000-4000 Hz
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Acoustic correlates of Frequency and

Repetition

High-frequency words have lower intensity

Data from short excerpts Log-Frequency (R?) | Repetition (R?)
Duration 0.001 (n.s.) 0.024 *
RMS intensity 0.024 (n.s.) 0.001 (n.s.)
RMS intensity, 0-500 Hz / ﬁ\ 0.002 (n.5.)
RMS intensity, 500-2000 Hz ( 0.028 * \ 0.003 (r.5.)
RMS intensity, 2000-4000 Hz \ 0.045 ** / 0.002 (1.5.)
N
LabPhon 11
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Acoustic correlates of Frequency and

Repetition

High-frequency words have lower intensity

Repeated words exhibit somewhat shorter duration.

Data from short excerpts Log-Frequency (R?) | Repetition (R?)
T~

Duration 0.001 (m.s.) ( 0.024 * )

RMS intensity 0.024 (n.s.) 0.00T (n.s.)

RMS intensity, 0-500 Hz 0.034 * 0.002 (.5.)

RMS intensity, 500-2000 Hz 0.028 * 0.003 (7.5.)

RMS intensity, 2000-4000 Hz 0.045 ** 0.002 (n.s.)
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Are the effects of frequency and repetition on
perceived prominence in this study modulated
through acoustic information?

If so, we expect to find similar acoustic
correlates between, for example:

e prominent and low-frequency words

LabPhon 11 32 j[



Acoustic correlates of Frequency and \
Prominence are not identical! ) A

Based on ANOVA and correlation analyses of the effects of
Frequency and Prominence on (normalized) acoustic measures

Frequency Prominence
effect on duration? |no yes, robust
effect on intensity? |yes sporadic, only some
vowels

Implication: The effect of word frequency on prominence
perception may be (in part) independent of acoustic
information.
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Interim Summary- 2 /A\
S

L

 Frequency and perceived prominence
(P-scores) are significantly correlated.

* Frequency and prominence have different
patterns of acoustic correlates.

e Suggests the possibility of an independent
effect of frequency on prominence
perception.
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U 4
A processing model: @i—@‘

Frequency effects on prosodic prominence

o Word-predictability Is inversely related to
prominence

— Less predictable words  higher prominence
Bell et al. 2003; Gregory 2002; Watson et al. 2008

* Predictable words are those whose lexical
units are strongly activated due to priming,
frequency effects, or other factors.
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4
A processing model of frequency effects @i—@‘

 If...higher activation facilitates processing,

 Then...this may be reflected in shorter phonetic
durations for predictable words.

e And...less predictable
facilitation may exhibit Speaker-based
duration. prominence

Prediction, in terms of WCTV,.

_ow-frequency words  longer duration
High-frequency words  shorter duration
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A processing model of frequency effects @2—@

The word recognition process Is also sensitive to
the activation of lexical units in perceiving
speech (evidence from numerous priming
studies).

LabPhon 11
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A processing model of frequency effects @i—@‘

 If...recognition of high-frequency words is
facilitated by higher activation levels,

 Then... there may be |
processing resources, Listener-based
 And, listeners’ percept prominence
affected. —

Listeners judge as prominent those words that
Involve resource-intensive processing
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4
A processing model of frequency effects @i—@‘

Under this model,

« Speaker-based prominence is signal-driven:

— identified through production evidence, e.g., acoustic measures.

* Listener-based prominence is expectation-driven:
— Reflects resource demands in lexical processing
— Semantic factors (“kontrast”, narrow focus) may be of this type.
— Perceived rhythmic prominence may be another example.

 These two kinds of prominence may differ!
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What we’ve learned

* Naive transcribers agree on the identification of
prominent words in spontaneous speech at levels
well above chance.

* Prominent words correspond to words labeled
by expert labelers with nuclear (phrase-final)
accent.

» Word-frequency (and repetition) are negatively

correlated with perceived prominence.
» The primary acoustic correlates of word-

L S frequency and perceived prominence differ.

Q): Is this evidence of a direct effect of frequency
on prominence perception?
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Prominence in a processing model

IEEY

4
S\

The speaker and the hearer provide two
distinct sources of prominence in lexical
processing.

Speaker-based prominence is signal-driven.

Listener-based prominence is expectation-driven.

Questions ?

Comments ?

LabPhon 11



