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Articulatory Correlates of Prosodic
Control: Emotion and Emphasis *
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KEY WORDS ABSTRACT
2000 This study examines mandibular correlates of prosodic control in nonread
dialog exchanges, in which the subject is asked to repeat the same correction
2000 of onc digit in a three-digit sequence consisting of “five” or “nine” followed

by “Pine Street” Articulatory and acoustic data were collected for fowr
speakeis of American Eaglish at the X-ray Microbeam Facilities at the

o University of Wisconsin. Jaw opening was measured as vertical jaw position
at the time of maximum opening. Middle digits perceived by independent
X000 listencrs a8 emphasized generally show jaw opening which is larger than

the average jaw opening for the utterances in which they occur. As the
speaker repeatedly makes the same comrection, not only does jaw openitg increase significantly on the
correcied digit but also the overall amount of jaw opening on all digits in the corrected exchanges
increases. Independent separate perception tests show that listeners also perceive the speakers’ answers
to be more irtitated as the speaker repeats the same correction. The findings suggest a local and global
use of the jaw opening gesture to produce both linguistic or paralinguistic and extralinguistic
information, that is, word emphasis and the tional tenor of the dialog itself.

INTRODUCTION

Recent swudies of arficulatory (in particular, mandible) correlates of prosodic controt have
focused on read-from-text speech (Beckman & Edwards, 1992; Beckman, Edwards, &
Fletcher, 1992; Cohen, Beckman, Edwards, & Fourakis, 1995; Edwards, Beckman, &
Fletcher, 1991; Erickson, Lenzo, & Fujimura, 1994; Erickson & Fujimura, 1996a; Fox &
Josephson, 1992; Fox, Josephson, & Erickson, 1991; Harrington, Fletcher, & Beckinan, in
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press; Harrington, Palethorpe, Fleicher, & Beckman, 1996; de Jong, 1995; de Jong,
Beckman, & Edwards, 1993; Macchi, 1985; Oshima & Gracco, 1993; Sumrmers, 1987,
Westbury & Fujimura, 1989). With regard to analysis of jaw movement in connection with
contrastive emphasis, increased jaw opening has been shown to occur on emphasized
syllables in read speech (e.g., Erickson, to appear; Erickson & Fujimura, 1996a; de Jong,
1995; de Jong et al., 1993; Fujimura, 1990; Westbury & Fujimra, 1989). The finding of
increased jaw opening for emphasized syllables is compatible with reported results of
acoustic studies that associate increased duration and intensity with emphasis (e.g., Cooper,
Eady, & Mueller, 1985; Lehiste, 1970}, since larger jaw opening presumably would be
mecharically related to both louder and longer utterances (e.g., Schulman, 1989).

The topic of the relation between acoustics and articulation is not addressed in this
paper. The motivation for examining jaw movement independent from acoustic character-
istics of emphasis derives from studies which suggest that increased jaw displacement rmight
be correlated withan overall greater degree of effortinvolved in the production of emphasis
(see e.g., Harrington et al,, in press; de Jong, 1995; Lindblom, 1990). Also, the underlying
rthythmical structure of utierances may be related to jaw opening patterns (e.g., Erickson,
to appear; Erickson & Fujimura, 1996b; Fowler, 1983; Fujimura & Ericksen, 1996,
MacNeilage, in press; Patel, Lofqvist, & Naito, in press; Tuller & Fowler, 1980, Vatikiotis-
Bateson & Kelsc, 1992).

Along these Lines, Fujimura (1992, 1994, in press) suggests that the prosodic character-
istics of an utterance can be described in terms of a magnitude distribution pattem of a
seties of pulses representing syllables and boundaries. According to the C/D model rroposed
by Fujimura, there is a certain prescribed relation between syllable magnitudes and syllable
durations for a given utterance condition; the syllable magnitude distribution is determined
by the prosodic specification of the utterance including contrastive emphasis of a part of
the sentence. It is suggested by Erickson (tc appear), Erickson and Fujimura (1996a) and
Pujimura and Erickson (1996), based on analysis of read speech, that an approximation of
the syllable magnitudes (and syllable durations) may be related to the amount ofjaw opening
associated with each syllable,

Itisknown that “read-from-text™ prosody differs considerably from “nonread” dialog
exchanges in terms of thythm, tempo, pauses, FO patterns, etc. {e.g., Barick, 1979; Beckman,
1995; Goldman-Eisler, 1968). Presumably in dialog, speakers use prosody to interactively
convey both linguistic and paralinguistic information to listeners. For instance, speakers
use pauses to convey how a sentence is grammatically-parsed, as well as to signal turn-
taking information. F0, among other acoustic properties, is used to signal word emphasis.
On the other hand, a speaker might modify the FO patlern of the sentence to reduce or
reassign prominence, if s/he thought the listener already knew parts of the message. In
addition, the emotional demands of the dialog s tuation may affect proscdy: FG and intensity
arcknown toincrease with anger, for example, (Leinonen, Hiltunen, Linnankoski, & Laakso,
1997; Scherer, 1986; Williams & Stevens, 1972). The interaction of emotion with articu-
fation, specifically jaw movement, and with emphasis has not been studied 1o date.

The general interest of this study is to examine the effects on articulaticn and their
interactions with linguistic (such as vowel articulation), paralinguistic (such as focus), and
extralinguistic (such as speaker's irritation) factors of the message. The data pertain to
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Figure 1

Placement of peliets on toague, lips,
jaw, and refrence poinks.

speakers’ correctionsof the partner s responsesin “nonread” dialog exchanges. Ths following
questions are addressed: (1} Does jaw opening increase for emphasis placed on a focused
word in dialog situations?; and (2) How is jaw opening affected as the speaker is asked to
¥epeat the same correction many times within a single dialog exchange? Presumatly this
task would not only introduce focus and emphasis within the dialog, but may also evoke
the speaker’s irritation, anger, frustration, or other emotions.

METHODS

Data recordings

In order to address these questions, we examined the articulatory correlates of repeated
corrections in simulated conversations which were conducted asa (nonread)dialog between
the subject and the experimenter in a recording set up at the X-ray Microbeam Facilities at
the University of Wisconsin. (For a description of the microbeam method, see Pujimura,
Ishida, & Kiritani, 1973; Kiritani, Itoh, & Fujimura, 1975; Nadler, Abbs, & Fujimura, 1987;
Westbury, 1994; Westbury, Milenkovic, Weistmer, & Kent, 1990.) This facility allows the
user to track the motion of a speaker’s articulators as s/he talks by tracking gold pellets
affixed 1o various articulators. Spherical gold pellets (2.5-3 munin diameter) were affixed
to the tongue, lips, and jaw of the speakers (see Figure 1). Two pellets were attached to the
mandible, one at the incisors, and ancther on a molar tooth (not shown in Figure 1), and
they were sampled at a rate of 80 samples/sec (or 40 samples /sec for Speaker 2). For this
study, the pellet attached 1o the point midway between the central mandibular incisors was
used for the analysis of the vertical movement of the Jjaw. In addition, reference pellets
were affixed midsagitally to the nose bridge and to the anterior surface of the midpoint
between the central maxillary incisors. These references were used to correct for head
movement during the utterance to produce pellet position data fixed relative to the maxillary
occlusal plane (see Westbury, 1991, for a detailed description). The x-axis of the data
corresponds 10 the intersection of the midsagittal plane and the maxillary occlusal plane,
and the origin of the coordinate system corresponds to the lowermost edge of the maxillary
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incisor. The y-axis is normal to the maxillary occlusal plane, intersecting the plane at the
origin. The y-cocrdinate value of the mandibular incisor pelict (henceforth jaw pellet)
represents the vertical distance from the maxillary occlusal plane te the center of the pellet
sphere atlached to the mandible incisor, and it was always negative.

Speech sarmples

Between 38 and 70 target phrases were elicited from each of four speakers of Midwestern
American English (two men, two women). The target phrase was always one of the following
thres digit sequences: “5 9 5,7 “9 5 9, or “S S 9.” The elicitation scenario called for a
correction of one of the three digits by replacing “five” by “nine” or vice versa in the
experimenter’s question utterance (see Example 1). This correction occurred in the first,
second, or the last of the three digits in the sequence. The subject responding to the experi-
menter’s question repeated the same correction up to five or six times. The entire dialog,
terminated automatically at 25 seconds, was recorded contfinuously with the microbeam
pellet tracking. The experiment elicited 12 10 18 dialogs from each of the subjects.

The speakers were instructed by the experimenter to pretend the interaction was a
telephone conversation and to reply to the questions initially for each dialog by reading the
promgpt on the monitor. If the elicitor indicated she was having problems hearing the response
clearly, they were also told “not to read the prompt in the monitor screen but o try to get
the correct information across according tc what the monitor specified in the beginning of
the dialog.” The elicitar sat out of sight but within hearing distance of the speaker. Thers
was no monitor-displayed text prompting the speaker after the initial answer (hereafter
“reference utierance”) had been spoken. In order to evoke emotional (irritated) responses
from the speaker, the experimenter maintained a formal clinical style of interaction
throughout the experiment, including instruction-giving and signing of the human subjects
form. The experimenter wore a white lab coat, combed her hair back to enhance a serious
aftitude, minimized personal small-talk, and spoke in a clinical “no-nonsense” 1one of voice
with moderate change in pitch range.

The series of exchanges between elicitor and speaker is referred to as a *“dialog set.”
It always includes one reference utterance mentioning a three digit address, followed by
several attenpts 1o correct the elicitor’s “misunderstanding” of one digit in the address
mentioned in the reference utterance. In each dialeg set, the dicitor always “misunder-
stands” the sarne digit in the address. A typical dialog is given below. This dialog setincludes
four corrections. The first exchange is the answer by the speaker to the first question and
is referred to as the “reference utterance” (indicatedin italics in Example 1). The subsequent
exchanges are referred o as the exchange numbers 2 through 5. In this dialog set, the speaker
is responding to the elicitor’s “misunderstanding” of the middle digit.

Since the speakers were not reading the responses, but engaging in dialog with the
experimenter, the verbal and paralinguistic parameters of their responses varied. The
speakers responses usually consisied of the three-digits, often including “Pine Street.”
Sometimes their responses were preceded by such phrases as “No, 1'm saying...,” “1
said...,” or “No, you're wrong, it's ...” Occasionally, they would insert sentences such as
“No, forget the 9,it’s 5 5...and the last number is 3 9,” “No, there’s two 9's and cne 5—
95 9 Pine Street,” “Not all 5%, the last one is 2 9.” In addition, there were disfluencies,
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(1} Dialog 13 (Speaker 2)
1. ELICITOR:  Where do you work?
SPEAKER?2: [Iworkat 95 9 Pire Street.,

2. ELICITOR:  I"'msorry, was that 9 9 9 Pine Sireet?
SPEAKER 2: No,it’s 9 FIVE 9 Pine Street.

3. ELICITOR:  Listen, isit 9 9 9 Pine Strect?
SPEAKER 2: It% 9 FIVE 9 Pine Street.

4. ELICITOR:  I'msorry. It’s not coming through. [sit 9 9 9 Pine Street?
SPEAKER 2: No,it’s 9 FIVE 9 Pine Street.

5. ELICITOR:  You'Ye saying 9 9 9 Pine Street, right?
SPEAKER 2: No,I'msaying 9 FIVE 9 Pine Street.

suchas “No, I haven’t been, it’sbeen rii.....5 5 9 Pine Street,” or laughing in the responses.
Speaker 1 frequently ended her responses with a rising FC patiern, similar to the question
intonation. In addition, the speakers would make frequent pauses, and vary the phrasing,
as well asloudness and rate of their responses, often speeding up or slowing down within
the same response.

Analysis mathod

Measurements of the lowest vertical position of the jaw were made for each of the digits
using a MATLAB-based software program (Ubedit} developed by the third author. An
appropriate instant for onset and offset of the jaw opening pellet tracing corresponding to
cach of the digits was marked manuatly, and the lowest vertical jaw position for each digit
was calculated automatically by Ubedit. A sample of Ubedit’s display of the acoustic wave
form and vertical movement of thejaw for Example | is shown in Figure 2. Jaw displacement
is measured in micrometers as the distance from the maxillary occlusal plane to the maximum
opening doring the vocalic gesture for each syllable, The time scale is in millimeters.

[n the data analysis reported here, only the dialogs eliciting carrection on the second
(i-e., middle) digit of the three-digit sequence were used (as shown in the sample dialog
above). The number of exchanges per dialog differed among speakers due to instances of
mistracking of the jaw pellet as well as differences in how the dialogs proceeded. See
Table 1 for details on the makeup of the corpus of data used.

Throughout the analysis, the digits “five” and “nine” were treated as being inter-
changeable, since the data set was small, both contain the same vowel (diphthong), and
statistical analysis of the corpus used in the study showed no significant difference between
the amount of jaw opening for “five” and “nine.” This finding was supported by previcus
work for read speech which also showed no statistically significant difference between the
amount of jaw opening for “five” and “nine” (Erickson & Fujimura, 1996a).

The range of amount of jaw opening varies across speakers, and the jaw opening
maxima, minima, mean, and range for each speaker is shown in Table 2 below.

In order to compare jaw opening among different exchanges, dialogs, and speakers,
wo different types of normalization were used {see examples in Table 3). Under “Exchange
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Display of jaw tracing (lower panef) and acoustic signal (upper panel} for firs! thme responses of
Speaker 2 to the elicitor’s question, “Where do you work?” in Dialog 13.

Normualization,” the jaw opening values for the three digits in a single utterance (exchange)
were divided by the mean jaw opening for that three digit sequence. The resulting values
are in relation to the mean, and thus have no units, The average jaw opening for the three
digits in each utterance was alsc recorded. Since different speakers have different means
of jaw opening, average jaw opening in each exchange proved difficult to compare across
speakers. This problem was addressed by normalizing exchange average jaw operings for
each speaker. Under speaker-normalized exchange average, the jaw opening values were
normalized by dividing the exchange averuge jaw opening for a particular speaker for
each utterance by the mean exchange averuge jaw opening over all (recorded) dialogs of
that speaker. The result is a proportion in relation to the average for that speaker.

In the analysis of the results, the convention is followed that in reporting on jaw
opening averaged over speakers, the nonmnalized values are used, that is, for the figures
and statistical analyses. The raw jaw opening values for individual speakers are reported
in tables.
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TABLE 1
Data base examined

..

Speaker Exchanges Numberof — Total Totai Total Tota! Total Total
per dialogs ber of ber of berof nmember of number of nmumber of
dialog ulterances  reference Ist 2nd 3rd i
utterances corrections corrections corrections corrections

i 3 4 12 4 4 4 0 0
2 4 5 20 5 5 5 5 0
3 ] 6 30 [ 6 6 6 6
4 s 7 35 7 7 7 7 7
Total 1”7 22 97 22 22 22 18 13
TABLE 2
Range of jaw opening (mm)
Speaker Maxima Minima Mean Range of jaw opening
1 18.17 11.33 14.60 6.84
2 28.48 12.45 17.52 16.03
3 18.01 9.06 13.92 8.95
4 19.76 8.56 13.14 1120
TABLE 3
Example normalization values for a dialog with three exchanges
Raw Data Exchange Exchange Average Speaicer
Ginmm) normalized (in mm) normalized
exchange average
Reference 20,16,14 1.20, 96, .84 16.66 0.93
2nd Exchange 21,18,15 1.70,1.00,.83 18.00 100
3rd Exchange 21,2116 1.09,1.09,83 19.33 Lo07
Perception tests

The design of the experiment called for speakers to correct street addresses which were
misunderstood by the experimenter, The point of this was to elicit emphasis on the corrected
digits. Although the speakers did try 10 correct the misunderstanding of the street address,
they did not always put emphasis on the digit intended by the experimental design to be
corrected. Emphasis-perception tests were conducted to assess whether listeners actually
perceived emphasis on the digit intended by the experimental design to be emphasized.
Reported here are perception tests done earlier with the same data, as part of acoustic and
articulatory studies by Spring, Erickson, and Call (1992) and Frickson and Lehiste (1995).
Perception tests were run on the three digit sequences plus “Pine Street” (excluding the
rest of the utterance) uttered by each of the four speakers in separate listening test sessions
but with different dialogs mixed. Two randomizations of the sequences were presented to
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10 university students. The material included all utterances with intended emphasis placed
on initial, middle, and final digits, and reference utterances. For each spoken three digit
sequence presented to the listeners, they were asked to circle the digit on the answer sheet
they heard as emphasized in the utterance. Only results for utterances with middle digits
intended to be emphasized were analyzed and reported in the following section.

Emotion-perception tests were also run for each speaker to see whether listeners
perceived irritation a3 the speakers repeated the same correction, A prior study asked
listeners to label the utterances of Speaker 1 with any one-word label describing the
emotional state of the speaker. The most cominen responses were then collated and found
to separate naturally into five groups: neutral, emphatic, questioning, happy, and irritated
(8pring, Erickson, & Call, 1992). The emotion-perception test for this study used these
five groups as the Jabels by which the listeners had to identify each utterance. For the
emotion-perception tesis, two randomizations of each speaker’s whole responses (digit
sequences and surrcunding words), were administered to 1€ university students. Listeners
were asked to circle the labal whichbest described each sentence. Listeners were not allowed
to circle more than one response per utterance. Since each of the ten listeners was presented
with twe randomizations of the same data, there was a total of 20 categorizations of each
utterance. The results, as discussed below, focus on the irritation scares, since this was the
emotion-category most anticipated from the experimental design.

RESULTS

Emphasisperception test

A spoken sample of a digit was judged to have INTENDED emphasis if the experimental
design called for that digit to be carrected in the speaker’s response to the elicitor’s mis-
statement of the address. In this paper, these are always middle digits. A spoken sample
was judged to have PERCEIVED emphasis if 80% of the listeners’ judgments indicated
that digit (initial, middle, or final) as the one which was emphasizedin a particular utterance.
The cut-off point of 80% was arrived at by searching for that point which would result in
the smallest number of samples whose intended and perceived emphasis differed,
considering all data of the four speakers together. Table 4 describes the results of the
emphasis-perception test. A HIT is a sample with both perceived and intended emphasis
(all middle digits). A MISS is asample with intended bul no perceived emphasis (all middle
digits) A CORRECT REJECTION (middle digits i a reference utierance or initial and
final digits) is a sample with neither intended nor perceived emphasis and a FALSE
POSITIVE is a sample with perceived but no intended emphasis (middle digitsin a reference
utterance or initial and final digits).

Listeners perceived emphasis on the middle digits intended by the experimental design
on the average approximately 65% of the time. This result was different from work with
contrastive emphasis in read speech, in which listeners were able 10 perceive emphasis on
the intended emphasized digit 100% of the time (Erickson & Fujimura, 1996a). It may be
neted that in the read speech Pine Street expariment, ¢ach speaker was given a prompt in
the text of the sentence to be utiered with the corrected digit printed in capital letters, in
cofitrast to Arabic numerals, and s/he was told that this showed the corrected part in the
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TABLE 4

Results of the emphasis-perveption kst (Analysis of only those utierances with inlended emphasis
on the middie digi®)

Speaver Jotal  ntended Correct False Hits Misses No Hit rate

examined emphasis rejections  positive perception
data
1 36 8 28 0 4 4 50%
2 60 15 44 1 11 4 73%
3 % 24 62 2 16 7 3 67%
4 105 28 72 3 18 9 3 64%
Bl 291 7 206 6 49 4 [ 65%

answer of the utlerance. In this sense, in the “read speech,” the speaker consciously places
emnphasis on the corrected digit.

Javs opening on emphasized digits

Previous results perwining to read speech showed the emphasized digit had the greatest
mean maximum jaw opening in the utterance (e.g., Erickson, to appear; Erickson &
Fujinmra, 1996a). This study shows a similar effect in nonread dialog. Figure 3 shows the
mean of exchange-normalized values of jaw opening for all four speakers for the first,
second, and third digits for those exchanges in which the middle digits were hits (intended
and perceived as emphasized). The bars indicate the mean values for the first, second, and
third digits in three digit uiterances. A value of | indicates that the maximum Jaw opening
for that digit is equal to the average jaw opening for its exchange.

The jaw opening values of the second digit hits is generally greater than the mean of
the jaw opening for the other digits in the same exchange. Middle digits average 16.63 mm
of jaw opening versus 15.60 mi for first and 13.45 mm for third digits. A /-test comparing
the middle digits to the initial and final digits combined finds the difference in the means
to be significant with ap<.01. Table 5 shows the mean jaw opening values together with
the exchange-normalized values, for the digitsin those exchanges perceived as middle digit
emphasized, broken down by speaker. For Speaker 3, althcugh the mean of raw Jaw opening
values for the middle digit appears smaller than that for the initial digjt, in terms of exchange-
normalized values, the value for the second digit is greater than unity (1.06>1.00), This
shows that on the average, the second digit has a larger value than the mean of all three
digits even for this speaker.

Digits which should have been emphasized according to the requirements of the dialog
but were not perceived as emphasized (i.e., misses) did not show greater than average jaw
opening in their exchanges. Figure 4 displays the mean of the exchange-normalized jaw
opening values, averaged over all four speakers, for hits, misses, correct rejections, and
false positives. A value of | indicates that the maximum jaw opening for that digit is equal
tothe average jaw opening for its exchange. Barsindicate the mean values for “Hits™ (tokens
with intended emphasis which were perceived as emphasized by at least 80% of listeners),
“Misses” (tokens with intended emphasis which were not perceived as emphasized by at
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least 80% of listeners), “Correct Rejections™ (tokens without intended emphasis which were
not perceived as emphasized by at least 80% of listeners) and “False Positives” {lokens
without intended empliasis which were perceived asemphasized by atleast 80% of listeners).
As shown in Table 6, the jaw cpening for hits averages 16.7 mun, which is 2.6 mm greater
than the 14.1 mm average for the misses. Using exchange normalized data for all the
speakers, a f-test comparing hits and misses indicates that this difference in jaw opening
is statistically significant (p<.01).

These resulls suggest that increased jaw opening is an articulatory characteristic of
effectively emphasized digits in sporitaneous dialog, Hereafter, the term “emphasized digits”
will be used to refer to effectively emphasized digits (i.e., “hits™).

One further comment about the digits in Table 6 labeled “False positives.” These
refer to those digits listeners heard as emphasized but not intended by the experimental
design 10 be emphasized. Whether the speakers actually intended to emphasize these
particular digits cannot be known at this point. It is interesting to note that the amount of
jaw opening on those digits labeled “False positives™ for speakers 3 and 4 tend to be larger
than these speakers’ “Correct rejections.” This observation further supports the statement
that increased jaw opening is an articulatory characteristic of what is heard as emphasized.
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TABLE 5 :
Mean jaw opening data (in mm) and exchange-nonmalized values Jor excbanges perceived
middie digit emphasized. (Numbers in parentheses are standard deviations)

Raw jaw opeming values Exchange-normalized values
Speaker Initial Middle Final Initial Middle Final

1 V=4)  1542(171) 1629 (129} 1434 (1.74) 99 (09) 105(12) 95(08)
2 (N=11)  1827(331) 2071 (236) 15.89 (1.28) 98 (1) LIT(I2) 36(09)
3 =16) 1571 (143) 1533 (146} 1239 (90) 108 (06) 106 (07) 86(07)
4 =19 1399227) 1492 (197; 127 (192) 101 (12) 107 (07} 92(15)
Averoge (N=51) 156 (273) 1663 334) 1345204 102 (11) 109 (10) 89 (1)

TABLE 6

Mean jaw opening values {in mm) for each speaker for the correct rejoctions, false positives, hits,
and misscs. Numbers in parentheses are standard deviations

Speater Correct rejection Ralse positive Hit Miss
AW JAW TPENING VALUES
1 14.41 (1.93) 0 16.29 (1.29) 1426 (82)
2 16.44 (2.61) 13.73 21.71 2.86) 18.83 (25)
3 1349 (210 1473 2.17) 1542 (1.46) 13.48 (142)
4 1271 2.25; 13.56 (2.38) 14.39 (2.02) 125 (243)
Average 1397 (2643 1398 (.88) 1671 (3.38) 1414 277
EXCHANGENORMALIZED VALLES
t 1.00 (11) (] 1.05 (12) 95 (02)
2 96 (.11) .81 (.81) 117 (.12) 107 (1)
3 98 (13) 1.08 (.05) 1.07 (o7 95 (04)
4 98 (.13) 110 (2) 1.07 (97) 98 (05
Average 98 (12) 1.00 (09) 1.09 (1) T 99 (06)
Emdtion-parception test

The results of the emotion-perception test are displayed as bar graphs in Figure 5. All
exchanges (utterances) for all speakers are included. Each exchange received 20 listener
categorizations as one of the following groups: “Neutral,” “Emphatic,” “Happy,” “Irvitated,”
or “Questioning”

For the firstexchange (the reference exchange), utierances were categarized as neutral
an average of 78% of the time. For the second exchange, (i.e., the first correction), they
were categorized as emphatic 75% of the time. This was also expected, since the speaker
was being put in a situation to correct the middle digit in the utterance. However, for the
subsequent exchanges, the number of utterances perceived as irritated increased, while
the munber of utlerances perceived as emphatic decreased. The results are summarized in
Table 7 below.
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Figure 5
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It is clear from both the figure and the table that there is a trend of increased irritation
as exchange number increases. The fifth exchange shows a reduction in mean irritation
score in relation to the fourth, but still remains hi gher than the firsttwo exchanges. Irritation
was modeled using a mixed effect ANOVA with speaker as a random effect and exchange
asthe fixed effect, The linear arthogonal polynomial componemn of exchange was significan
(p<.01) supporting that irritation increases with more exchanges. A bivariate correlation
was also performed on exchange and irritation and generated a Pearson Correlation of .51
(£ <.01). These results indicate that the experiment was generally successful in achieving
increasing irritation as speakers were forced to make repeated corrections. Listeners’
subjective judgnients were based on the whole response of the speaker in each exchange.

Jaw gpening on repeatedly corrected midde digits (hits)
Figure 6 shows mean exchange-nonmalized jaw opening on emphasized middle di gits (hits)
for the four speakers, All speakers are considered. A value of | indicates that the maximum
jaw opening for that digit is equal to the average jaw opening for its exchange. The graph
indicates that on average the emphasized digit maintains a jaw opening above the average
for the exchange in which it happened. Table 8 shows the jaw opening values broken down
by speaker, suggesting a general trend for increased jaw opening on the middle digit
perceived as emphasized as the speaker repeals the same correction, A f-lest suggests that
the amount of jaw opening of the last correction in the data set analyzed (exchange 2 for
Speaker 1, exchange 4 for Speaker 2, and exchange 5 for Speaker 3 and 4) is significantly
greater than that of the first correction (p<.01), Itis interesting to note that for Speaker |,
there were no middle digits perceived as emphasized by listeners for the last intended
correction (exchange 3); they were all perceived as not emphasized. A bivariate correlation
on all exchanges for all speakers between speaker-normalized exchange average jaw opening
and exchange number gencrates a Pearson Cotrelation of .59 (p<.01). From this it seems
there is a significant positive correlation between exchange (i.e., repetition number) and
maximum jaw opening on the middle digits perceived as emphasized.
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TABLE 7

Results of Emotion-Perception test by speaker and exchangs. Valwes are in torms of incan number
of listener-perceptions, with 20 as the imaxinan score within each exchange

Speaker Neutral Emphatic irvitared Happy Quiestioning
REFERENCE UTTERANCE
1 13.25 2.75 28 1.25 2.5
2 4.8 4 0 44 4
3 17.5 67 .83 i 0
4 l6.43 1.57 2 0 0
Average 15.5 (78%) 135 {™%) TT (4% 1 66 (8%) T2{4%)
SECOND EXCHANGE
1 5 15.5 1.25 25 25
2 36 138 14 6 6
3 1.5 1533 3.7 0 t0
4 257 15 2.4 0 0
Average 204 (10%) 1491 (75%) 206 (10%) 21 (1%) T8 (4%)
THIRD ENCHANGE
! 1.75 i3 5.23 0 0
2 2 12 6 0 0
3 1.5 12.83 5.67 0 0
4 43 11.86 1.29 0 43
Average 1.42(7%) 12.42(624) 6.05 (30%) 0 (0%) A1 (1%
FOURTH EMCHANGE
i - - - - -
2 0 9.8 10.2 0 0
3 A7 1067 9.7 0 0
4 2 8.57 9.43 0 0
Average 72 (4%) 9.68 (48%) 9.6 (48%) 0(0%; 0 (0%)
RFTH EMCHANGE
] - - - - -
2 - - - - -
3 37 10.67 6.17 0 0
4 Li4 1.2 6.14 143 0
Average 216(11%) 1098 (55%) 6.16 (31%) 72 (4%) 0(0%)
Exchange-average jaw opening

It was thought that repeated corrections of the same information might cause increased
irritation on the part of the speaker, and this would be displayed as an increase in the average
Jjaw opening as the exchange number increased. Examination of Figure 7, which displays
speaker-normalized jaw opening averaged over all exchanges and dialogs, regardless of
the perceived emotion or whether the middle digit was perceived as a hit or a miss, shows
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Figure 6

Mean exbange-normalized maximum
jaw opeaing values for middle digits in
the initial reference exchauges and
middle digit “Hits” (tokens with intended
emphasis which were perceived as
emphasized by at least 30% of listeners)
in exchanges 2 through S.

MEAN EXCH NORMED MAX JAW OPENING

TABLE 8
Mean Jaw opening (in mm) for middle digits perceived 2 emphasized
Speaker Exchange 2 Exchange 3 Excharnge 4 Exchange 5
] 1629 (1.29) no hits - -
2 19.01 (.51) 21.63 (1.73) 2453 (3.43) -
3 1401 (.76) 16.01 (1.17) 1507 (1.82) 1635 (.82)
4 14.88 (2.19) 14.43 (1.71) 1498 (2.97) 15,51 (.67)
Average 15.91 (2.26; 17.46 (3.61) 1722 (4.83) 1599 (.83)

that jaw opening increases for each subsequent correction within the corpus, relative to
the first correction. The average maximum jaw opening for each individual exchange is
calculated by averaging the valucs for the measured three digit sequence in the exchange.
These exchange-averaged jaw openings for each speaker are then normalized to the mean
exchange-nemmalized jaw opening for that speaker. A value of 1 indicates that the average
jaw opening in a particular exchangeis equal to the averagejaw opening across all exchanges
for the speaker. The means of these speaker-normalized, exchange-average jaw openings
are displayed in the figure, indexed by exchange rumber. T-tests, performed on the exchange
average jaw opening normalized over speakers for the second exchange {first correction)
versus that in each subsequent correction, suggests that the mean exchange-average jaw
openings for each of the exchanges after the first correction are sigrificantly different
from that of the first correction, that is, second exchange (p <.01).

Rtisinteresting 1onote that the exchange-average jaw op eningfollows the same overall
pattern of increase which was seen in the irritation scares. The jaw opening values broken
down by speakerare shown in Table 9. A bivariate correlation between irritation and speaker-
normalized exchange average jaw openingshows significant, though not strong, correlation
between the two variables (Pearson Correlation =35, p<.01),

In sunmmary, the following can be said about jaw opening on emphasized digits in
dialog situations in which the speaker is asked to repeat the same correction many times:
(1) perception of emphasis on a digit tends to occur when it is proncunced with larger jaw
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Figure 7

Means of the average maximum
jaw opening values for each
exchaage (utteramce) for all
exchanges and dl speakers.

TABLE ©
Exchange Average Jaw opening (in mm) for each exchange by speaker
Speaker Exchange | Exchange 2 Exckange 3 Exchange 4 Exchange 5
1 13.34 (81) 1552 (S1) 1495 (52 - -
2 1491 (S1) 1694 (73) 1875 (1.58)  19.48 (1.07) -
3 1200 (7) 1369 (60) 1464 (1.05) 1438 (87) 14.77 (34)
4 11.65 (1.04)  12.38 (1.66) 1335 (139>  1375(1.61)  14.05 (1.63)

Aversge 1282 (1L51) 1450 (191)  13.22(236) 1555 (276)  14.38 (1.26)

opening than for the surrounding digits; (2) the maximum jaw opening for both the
emphasized digit and its mean for the three digits in the sequence on the average tends to
increase as the same digit sequence is repeated several times in response to the elicitor’s
questions; and (3) as the digit sequence is said repeatedly, independent listeners increas-
ingly categoriza the utterances as irritated.

DISCUSSION

The demands of nonread dialog-exchange affect speaker’s jaw movement patterns for
producing word emphasis. [n dialog, increased jaw opening is used to produce emphasis
locally on a specific word and also globally on the entire utterance, as the speaker repeats
the same correction. The results suggest that the task of making repeated corrections affects
the emotional condition of the dialog, for example, an increase in perceived irritation by
listeners.

In this paper, the applicaticn of increased jaw opening, both locally and globally in
response to the repeated requests by the elicitor to correct the same digit, is interpreted as
the speaker’s response to both the paralinguistic {focus assignment) and exualinguistic
(emotional) demands of the dialog task,

The assumption in designing the experiment was that the speaker would producs the
target utterances first with no contrastive emphasis, and then, in respense to the elicitor’s
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misunderstanding of one of the digits in the utterance, would produce it with emphasis on
the digit that was misunderstood. The results of the emphasis-perception swudy reported
that those digits intended to correct an error were perceived as emphasized only about
65% of the time. In perception studies of read speach, intended emphasis was perceived
as emphasized 100% of the time (Erickson & Fujimura, 1996a).

A question arizes as to why this study shows a discrepancy between what is intended
to be emphasized (by the experimental design) and what is perceived to be emphasized by
listeners hearing only the responses of the subjects. Spring, Erickson, and Call (1992)
suggest that the extralingnistic emotional demands of the dialog interfere in same way
with the perception of emphasis. In their study of a subset of the data for Speaker 1, they
report that listeners’ perceptions ofan emotion like irritation became progressively stronger
as the correction was repeated. Furthermore, they report that the utterances listeners
identified as most irritated were also the ones in which the listeners had the hardest time
identifying the emphasized digit. Spring et al. speculate that the addition of emotion
introduced other phonetic information in the form of FO or loudness, and so forth, which
interfered with the perception of emphasis.

However, the hypothesis of interference between emotion and emphasis causing a
reduced ability to transmit emphasis is not necessarily supported by the results of this study.
Utterances with large irritation scores did not show poor perception of emnphasis on the
middle digit. In fact, averaged over the four speakers, exchanges containing hits scored an
average of 6.12 out of 20 for “irritation” on perception tests while exchanges containing
misses averaged only 4.7 out of20. The mean irritation scores for hits and misses are shown
by speakerinTable 10 opposite. Notice for Speaker 1, however, the opposite trend was seen:
more exchanges conlaining misses (26%) were heard as irritated compared to those with
hits (6%). For this speaker, emotion may indeed interfere with emphasis. For the other
3peakers, there may be a mild positive carrelation between perception of irritation on an
exchange and successful perception of emphasis for the emphasized digit. The topic of the
interaction of emphasis and irritation on jaw opening remains to be explored in more
detail. Work is currently being done in connection with jaw opening on utterance-initial
and final emphasized digits, as well as investigating interspeaker differences.

In terms of articulatory characteristics of emphasis, the data reported here indicate
that there is a significant difference between hits and misses, with hits having significantly
greater jaw opening than misses. This would suggest that greater jaw opening is linked
with the changes in the acoustic speech signal that listeners associate with contrastive
emphasis. The finding of a difference in jaw opening between hits and misses does not
answer the question why jaw opening did not increase for all the middle digits that were
intended by the experimental design to be emphasized, that i3, why there were misses in
the first place. It is interesting to note that an articulatory characteristic of the type of
corrective emphasis elicited in this study is an increased jaw opening on the digit perceived
by listeners as emphasized, relative to that of the mean jaw opening of all the digits in the
exchange.

The analysis of the data here suggest that there is an effect on jaw cpening due to
various factors, that is, number of times a digit was corrected, perception of irritation, and
perception of emphasis of the produced acoustic signals, plus different sirategies among
the different speakers to control for these factors. Also, this paper examines a type of
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TABLE 10
The mean imitation scores for the hits and misses, with maximum possible score of 20
Speaker Hits Misses
1 125 (6%) 525  (26%)
2 645  (32%) 425 Q1%
3 325  (26%) 629 (32%;
4 7.61  (38%) 3.89  (20%)
Toial 612 (31%) 469 (24%)

irritation associated with the particular 1ask of repeated corrections. Obviously, there are
other types of emotion, including other types of irritation, in which a speaker might react
by clenching the jaw instead of opening it more presumably resultng in a louder voice.
The results of this study suggest that the particular type ofirritaticn elicitedis characterized
by amore open jaw. The topics of the di screpancy betweenintended and perceived emphasis,
as well as variation among speakers, effect of position of the digjt in the utterance, the
relationship between jaw opening and other types of emotion, and the relationship between
Jaw motion and acoustic correlates of emphasis, are currently being investigated by the
authors as part of an ongoing research project.

In surmmary, the demands of nonread dialog-exchange affect speaker s jaw movement
patterns for producing word emphasis. It was found that jaw opening increased as the speaker
(1} emphasized middle digits, (2) repeated the same correction, and (3) became more
irritated. Thus, jaw opening seems to be affected both by emphasis and emotion, that is,
irritation. The findings suggest a use of the jaw opening gesture 1o produce both linguistic
or paralinguistic and extralinguistic information, that is, word emphasis and the emotional
tenor of the dialog itself.

Eirst receind: Octcter 3. 1997, revissa manuscret received. Aprii 20, 1598;
azcected: May 25, 1698
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