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Figure 1. The Montreal Affective Voices. Waveforms and spectrograms (0-8000 Hz) of the 90 vocalizations.
X-axis: time, scaled to the duration of each vocalization. Each row corresponds to one actor (actor’s number is
given on the left-hand side), and each column to a category of affect burst.
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Table 3
Intensity Ratings, Sensitivity (Hit Rates), and Specificity (Correct Rejection Rates), by Expression Category
Intensity ' Portrayed Fxpressmn ' 'Co'rrect

Rating Neutral Angry Disgusted Fearful Painful Sad Surprised ~ Happy Pleased Rejection Rate

Scale M SEM M SEM M SEM M SEM M SEM M SEM M SEM M SEM M SEM M SEM
Anger 9 05 75« 24 14 1.1 19 2.1 33 38 9 0.7 17 08 3 03 7 08 77 4.4
Disgust 10 05 23 0.7 702 2.7 21 1.6 26 27 9 0.6 24 14 4 03 8 0.7 73 4.5
Fear 9 05 16 20 11 0.6 68« 2.5 21 20 10 0.7 45 26 3 02 6 1.0 69 3.0
Pain 9 09 24 1.6 11 1.1 31 3.1 58¢ 3.6 26 1.8 21 10 3 02 7 04 62 4.0
Sadness 11 08 13 12 9 0.8 13 1.0 15 1.5 772 3.6 11 04 3 02 5 03 89 2.5
Surprise 9 0.6 26 1.8 26 1.8 57 30 35 30 11 0.5 77@¢ 20 18 1.1 25 22 o4 2.7
Happiness 14 0.5 6 04 9 0.8 7 04 10 1.1 11 2.7 15 1.3 81¢ 1.2 54 33 76 3.0
Pleasure 13 03 6 04 9 09 6 04 11 19 10 24 12 1.0 76 1.1 62 38 39 4.0
Hit rate 78 5.0 81 3.7 56 3.0 51 30 8 2.0 75 29 60 45 59 38

Note—Cells indicate intensity ratings (0—100) averaged across all actors and judges for each portrayed emotion and intensity ratings scale.

Boldface indicates maximum average rating. Note the high hit rates for most affective categories.

the scale corresponding to the portrayed emotion (columns).
scale (rows) (Fisher’s protected least significance test).

category of affective vocalizations yielding higher ratings
than did the other vocalizations: This was the case for all
the rating scales except the surprise and pleasure scales
(Fisher’s protected LSD; Table 3 rows).

Sensitivity and Specificity

We then examined the intensity ratings for their sensi-
tivity (hit rate, by emotion) and specificity (correct rejec-
tion rate, by rating scale). In order to evaluate recognition
accuracy, the intensity ratings along the eight scales were
considered as an eight-alternative forced choice classifica-
tion: For each vocalization, a maximum intensity rating
in the scale corresponding to the portrayed emotion was
considered as a hit; otherwise, as a miss. The bottom row
of Table 3 shows averaged hit rates for each emotion cat-
egory, ranging from 51% for painful vocalizations to 8§1%
for disgusted vocalizations. Similarly, for each rating scale,
a maximum score for the corresponding vocalization in a
given actor/participant was considered as a correct rejec-
tion; otherwise, as a false alarm. The rightmost column of
Table 3 shows correct rejection rates for each rating scale,
ranging from 39% for pleasure to 89% for sadness.

Finally, we examined the effects of participant’s and ac-
tor’s gender on hitrates (Figure 2). A mixed ANOVA showed
significant effects of both actor’s gender [F(1,27) = 29.3,
p < .001] and participant’s gender [F(1,27) = 5.0, p <
.05], with no interaction [F(1,27) < 1].

Recognition Accuracy

The recognition accuracy (sensitivity) for the 8 emo-
tions expressed through affect bursts was quite high (mean
of 68.2% for the chance level at 12.5%), with very little
ambiguity for several categories of negative affect bursts:
angry (78%), disgusted (81%), or sad (86%) vocaliza-
tions. This is in line with the very high accuracies (81%
mean for 10 categories) observed in another study of af-
fect bursts recognition (Schrdoder, 2003). As was noted in
this study, these recognition accuracy scores are relatively
higher than those observed in the context of speech pros-
ody (e.g., 55% for 10 emotions in Banse & Scherer, 1996),
suggesting that affect bursts are a highly effective means
of expressing vocal emotion.

ap < .001. bp < .05, strongest rating on

¢p < .001, strongest rating for the portrayed emotion corresponding to the rating

The strongest pattern of confusion was observed be-
tween the happy and the pleased vocalizations: Both vo-
calization categories yielded high, statistically indistin-
guishable ratings on the happiness and pleasure scales.
Yet the two types of vocalizations were characterized by
markedly different acoustical structures, with the syllabic
pattern characteristic of laughter completely absent from
pleasure vocalizations. Thus, this difficulty in separating
happy from pleased vocalizations probably arose from the
use of the rating scales, indicating that the participants
probably did not have clearly separated concepts associ-
ated with the labels pleased and happy. This, in turn, may
be taken as evidence that these two categories of vocaliza-
tions do not really correspond to two different basic emo-
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Figure 2. Gender effects on emotion recognition using the
Montreal Affective Voices; hit rates (percentage of test items with
maximal rating on the scale corresponding to the portrayed emo-
tion) split by actor’s and participant’s gender. Note equivalent ac-
curacies for male vocalizations judged by females and for female
vocalizations judged by males, owing to similar magnitudes of the
production and perception gender effects.
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tions. The very similar ratings, overall, on the pleasure and
happiness rating scales and the low correct rejection rate
on the pleasure scale (39%) suggest that the latter could be
simply removed from the rating procedure in future uses.

A second pattern of confusion, clearly observable in
Table 3, is between fear and surprise: Fearful vocaliza-
tions yielded high ratings on both the fear and surprise
scales, resulting in low hit rates (56%). Surprised vocal-
izations yielded a higher hit rate (75%), yet they often
yielded high scores on the fear scale. Contrary to the case
with the pleasure and happiness expressions, the confu-
sion between fear and surprise is not likely to have arisen
from unclear separation of fearful and surprised labels,
which correspond to clearly separated emotional contexts.
Rather, the two categories of vocalizations were acous-
tically quite similar: Table 1 shows that both the fearful
and the surprised vocalizations were characterized by the
shortest duration and the highest median /0. Interestingly,
however, the confusion between fear and surprise is also
frequently observed when these emotions are expressed
by human faces in some cultures (Ekman, Friesen, & Ells-
worth, 1972) or when an ideal observer classifies affective
faces (Smith, Cottrell, Gosselin, & Schyns, 2005).

Finally, the lowest recognition accuracy was obtained
for painful vocalizations (51%), which were frequently
confounded with angry or surprised vocalizations. This
pattern of confusion is relatively surprising, given the evo-
lutionary importance of recognizing and avoiding painful
contexts, and has not been observed in a recent study of
emotion recognition based on dynamic facial expressions
(Simon, Craig, Gosselin, Belin, & Rainville, 2008). The
acoustical similarity of pain vocalizations, which, like the
angry or surprised vocalizations, are relatively brief and
have a high median /0 (Table 1), probably accounts for
this confusion.

Gender Effects

Affective ratings were strongly influenced by the gender
of the actor producing the vocalizations. Averaged across
emotions, ratings of perceived arousal and intensity (on
the scale corresponding to the portrayed emotion) were
consistently higher, and valence ratings lower (reflecting
the greatest contribution of the numerically superior nega-
tive emotion categories), for vocalizations produced by
the female actors (Table 2). This finding is in line with
the notion that in Western cultures, women are believed to
be more emotionally expressive, in general, than are men.
Specifically, they are expected to smile more, as well as
to show more sadness, fear, and guilt. In contrast, men are
believed to show more overt emotional displays only in
terms of physically aggressive anger (Brody & Hall, 1993;
Fischer, 1993). Whether this effect is specific to the group
of actors selected (with selection biases reflecting the
choice of actors with the most successful displays) or re-
flects a more general gender difference in vocal emotional
expression, perception, or both remains to be explored.

Participant’s gender was also found to have a significant
effect for intensity ratings: Male participants gave slightly
higher intensity ratings than did female participants over-
all. But the clearest picture was given by the analysis of

hit rates (proportion of correct recognition): The effects
of both actor’s gender and participant’s gender were sig-
nificant and additive (no interaction), both in the direction
of higher hit rates for female participants or actors and
with similar magnitudes. Figure 2 shows that the high-
est hit rates were obtained for female participants rating
female vocalizations, and the lowest hit rates for male par-
ticipants rating male vocalizations. That is to say, women
are generally more accurate in judging affective bursts by
other females (although 25% fail to), whereas men are
considerably worse at judging other men (they fail 40%
of the time). Interestingly, the mixed situations—that 1is,
male participants rating female vocalizations or female
participants rating male vocalizations—yielded similar,
intermediate ratings (Figure 2). This result is in line with
evidence of better accuracy in emotion recognition (Hall,
1978) and of faster recognition and enhanced cortical re-
sponses (Schirmer & Kotz, 2006) by female than by male
participants, in the context of speech prosody.

Acoustical Measures

Acoustical measures (see Table 1 and the Appendix)
are characterized by a substantial degree of variation, but
values averaged across actors show important but consis-
tent differences between emotional categories. These dif-
ferences are generally in good agreement with the results
in the existing literature on speech prosody perception
(Banse & Scherer, 1996; Juslin & Laukka, 2003; Mur-
ray & Arnott, 1993; Scherer, 1986). For example, Table 1
shows that the neutral vocalization was associated with
the lowest median pitch and very small pitch variation,
whereas fearful vocalizations were associated with the
highest median pitch and widest pitch range, exactly as in
Murray and Arnott (1993).

Using the MAV

Using nonverbal affect bursts such as the MAV in
studies of auditory emotional processing presents sev-
eral advantages. First, these interjections do not contain
any semantic information, so they are not subject to the
problems of interaction between affective and semantic
content described above for speech prosody. Second, the
stimuli are not limited by linguistic barriers and so can
be used to compare results in different countries and to
test for cross-cultural differences. Third, they are more
primitive expressions of emotion, closer to the affect ex-
pressions of animals or human babies than is emotional
speech, thus potentially allowing better cross-species or
human developmental comparisons. Fourth, the MAV
stimuli are also much more similar to the stimuli used in
the study of affective processing in the visual modality,
such as the Ekman faces, than is emotional speech, thus
allowing better comparisons across modalities, as well as
studies of cross-modal emotional integration.

We suggest that the MAV stimuli can be used for several
different purposes. They can be used to test for possible
deficits in auditory affect recognition, using rating scales
similar to those used in the present validation phase (per-
haps without the pleasure scale, which proved to overlap
too much with the happiness scale). The fact that there is
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no verbal content in these stimuli is an advantage when it
comes to testing patients with lesions that impair speech
comprehension.

The MAV stimuli can also be used in cognitive psychol-
ogy experiments. It is important to note that the duration
of the vocalizations varies widely across the different cat-
egories: The average duration across the 10 actors varies
from 385 msec for the cries of surprise, to 1,446 msec for
the laughs (happiness), up to 2,229 msec for the cries (sad-
ness). Although this important variation may raise prob-
lems in some experimental settings (e.g., reaction time
studies of evoked response potential studies), it reflects the
natural properties of the different classes of vocalizations
and is unavoidable if one wants to preserve the ecological
validity of the stimuli. Editing the cries, for example, in an
attempt to make them shorter and more compatible with
the duration of other sounds could potentially affect their
naturalness and would probably lead to important confu-
sions with the laughs. Thus, although the MAV stimuli
do present problems for use in TR experiments (due to
the duration of the vocalizations), they may be useful if
used in fMRI experiments in which small differences in
stimulus duration raise fewer problems than in EEG/MEG
experiments. For example, a recent event-related fMRI
study using a preliminary version of the MAV revealed
clear bilateral activation of the amygdala, by comparison
with affectively neutral vocalizations, for negatively va-
lenced, as well as positively valenced, vocalizations (Fec-
teau, Belin, Joanette, & Armony, 2007).
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APPENDIX
Acoustic Characteristics of All 90 Stimuli of the MAV
/0 (Hz) Duration _ Power(dB)
Stimulus Minimum Maximum Median SD (msec) Median SD
6_anger.wav 73 290 151 67 1,142 71.7 13.9
6_disgust.wav 115 196 158 25 1,051 63.1 13.4
6_fear.wav 129 537 317 93 761 80.2 10.5
6_happiness.wav 144 343 225 42 1,742 47.5 15.9
6_neutral.wav 91 116 113 4 896 80.9 5.6
6_pain.wav 108 313 238 64 745 71.4 12.9
6_pleasure.wav 71 151 110 24 1,001 75.0 11.4
6_sadness.wav 201 336 262 25 1,643 57.9 12.6
6_surprise.wav 203 303 275 30 265 71.5 16.2
42_anger.wav 74 267 138 63 888 64.7 15.0
42_disgust.wav 88 195 161 33 1,045 77.4 13.6
42_fear.wav 149 313 289 50 405 81.3 14.8
42_happiness.wav 139 223 157 20 1,445 52.6 13.5
42_neutral.wav 102 116 112 2 1,312 78.6 4.5
42_pain.wav 224 283 273 14 584 77.9 11.6
42_pleasure.wav 90 157 125 23 930 64.6 12.8
42_sadness.wav 132 233 181 30 1,667 51.1 13.9
42_surprise.wav 108 307 252 61 583 72.7 14.7
45_anger.wav 150 498 402 100 949 79.5 12.5
45_disgust.wav 185 545 391 115 607 78.9 8.8
45_fear.wav 300 653 629 87 628 80.9 10.7
45_happiness.wav 312 497 355 51 1,563 50.6 13.7
45_neutral.wav 222 253 228 3 992 83.7 5.5
45_pain.wav 49 689 510 204 1,528 75.1 14.2
45_pleasure.wav 247 414 346 51 879 76.6 9.7
45_sadness.wav 251 815 519 171 1,780 65.7 9.8
45_surprise.wav 452 913 826 150 284 76.4 16.0
46_anger.wav 357 589 532 57 421 83.0 16.1
46_disgust.wav 93 358 221 96 1,566 70.6 11.3
46_fear.wav 375 1658 926 344 815 82.3 12.8
46_happiness.wav 189 584 231 101 1,009 61.6 13.8
46_neutral.wav 209 289 260 11 240 83.6 14.8
46_pain.wav 86 525 377 87 1,347 74.1 13.6
46_pleasure.wav 91 286 213 52 1,621 68.3 19.6
46_sadness.wav 331 661 433 88 1,956 70.4 11.2
46_surprise.wav 446 469 463 6 404 79.2 10.9
53_anger.wav 166 517 417 113 1,518 83.1 17.5
53_disgust.wav 143 253 213 31 1,714 77.1 12.4
53_fear.wav 274 477 467 49 835 84.5 9.9
53_happiness.wav 169 325 248 42 960 65.9 12.2
53_neutral.wav 160 196 190 3 946 83.2 4.6
53_pain.wav 252 451 397 36 1,324 81.6 6.5
53_pleasure.wav 177 318 245 42 1,655 75.3 7.6
53_sadness.wav 160 537 302 37 2,877 73.8 13.6
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APPENDIX (Continued)
Acoustic Characteristics of All 90 Stimuli of the MAV
0 (Hz) Duration Power (dB)

Stimulus Minimum Maximum Median SD (msec) Median SD
53_surprise.wav 208 405 329 62 382 73.9 14.7
55_anger.wav 100 259 222 48 527 80.8 10.2
55_disgust.wav 63 252 169 57 672 80.2 10.3
55_fear.wav 204 302 284 23 614 80.8 10.0
55_happiness.wav 146 280 217 34 1,100 67.6 12.5
55_neutral.wav 106 130 109 2 1,236 77.3 3.7
55_pain.wav 114 263 234 47 565 77.3 12.0
55_pleasure.wav 72 172 125 32 871 71.7 11.5
55_sadness.wav 150 309 249 39 1,830 69.4 13.8
55_surprise.wav 73 281 228 61 263 78.5 13.0
58_anger.wav 160 468 407 103 715 80.6 15.0
58_disgust.wav 143 295 214 47 978 72.5 13.8
58_fear.wav 333 452 418 23 489 753 14.1
58_happiness.wav 197 523 299 61 1,046 66.8 9.6
58_neutral.wav 184 222 211 9 511 82.5 4.5
58_pain.wav 183 495 412 105 581 78.1 17.5
58_pleasure.wav 159 322 242 54 1,100 68.9 13.8
58_sadness.wav 186 542 379 90 1,416 65.4 13.5
58_surprise.wav 235 441 382 56 329 78.9 11.8
59_anger.wav 131 377 336 64 1,184 83.3 9.3
59_disgust.wav 72 243 152 52 710 78.2 9.7
59_fear.wav 118 359 324 53 719 85.0 12.2
59_happiness.wav 179 594 466 95 1,831 64.5 16.7
59_neutral.wav 139 197 143 5 645 84.3 5.5
59_pain.wav 89 393 292 103 707 77.0 13.9
59_pleasure.wav 75 272 167 59 2,067 70.4 14.2
59_sadness.wav 198 773 404 132 4,310 53.7 13.8
59_surprise.wav 129 475 304 109 574 75.8 15.9
60_anger.wav 159 516 301 113 1,082 75.4 133
60_disgust.wav 136 422 217 90 838 79.0 10.8
60_fear.wav 625 1158 1067 168 440 82.6 11.4
60_happiness.wav 253 665 430 106 1,159 68.0 15.4
60_neutral.wav 193 222 214 3 1,597 81.0 5.8
60_pain.wav 153 621 583 143 432 79.4 12.2
60_pleasure.wav 145 341 214 55 1,769 77.0 10.6
60_sadness.wav 154 662 345 95 2,376 67.2 9.9
60_surprise.wav 343 707 485 116 253 78.3 10.4
61_anger.wav 130 352 262 68 815 71.2 16.4
61_disgust.wav 44 192 109 37 584 70.5 11.3
61_fear.wav 152 514 358 80 319 78.0 11.6
61_happiness.wav 78 178 153 28 2,605 50.4 13.2
61_neutral.wav 85 101 95 1 1,861 78.9 5.6
61_pain.wav 81 322 191 67 583 75.9 10.7
61_pleasure.wav 78 182 132 33 1,611 57.2 14.0
61_sadness.wav 84 211 159 25 2,438 58.3 17.2
61_surprise.wav 82 225 185 43 514 73.0 10.8
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