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GOAL

Evaluate
prosodic(suprasegmental)
proficiency
of non-native learners of English



Prosodic Evaluation

Native Speaker's Utterance

|

Learner's Utterance




Comparison between...

(1) FO contours
(2) Intensity contour

(3) Segmental durations

of the two utterances of the same sentence



But first...

Make matching segmental durations

iIdentical

so that
FO contours & intensity contours can be

compared directly.



Segmental Duration Syncing
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Use of PSOLA algorithm (Moulines & Charpentier, 1990)



Comparison: FO Contour

FO : point-to-point comparison btw/ native and learner
after normalization
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Comparison: Intensity Contour

Intensity : point-to-point comparison btw/ native and learner
after normalization
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Comparison:. Segmental Durations

Duration : segment-to-segment comparison btw/ native and learner
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Metric Used

Euclidean distance metric for evaluation measure

P=(l, p2 p3,.,pn)and O = (ql, q2, q3,..., gn) in Euclidean n-dimensional space
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How to Compare?

Target English Sentence

Human
Evaluation
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Automatic Comparison

Model Native Utterances Learners w/ Good Score

(FO, Int, Dur)

Utterance: Native Eng. Spkr. #1 Utterance: Korean Learner #1 }

Utterance: Native Eng. Spkr. #2

For Learner #1, 10 prosody coordinates

Utterance: Native Eng. Spkr. #3 With Native #1, (FO1, Int,, Dur1)
With Native #2, (FO,, Int,, Dur)

With Native #3, (F03, Int3, Dur3)

Utterance: Native Eng. Spkr. #10 |
With Native #10, (FO_ , Int_, Dur )

10’ 10’

For ten good learners, 10 X 10 = 100 Coordinates



3D Space of Prosody Coordinates

Prosody coordinates of good learners

z = Dur

Group of “good” scores




Automatic Comparison

Model Native Utterances Learners w/ Bad Score
(FO, Int, Dur)
Utterance: Native Eng. Spkr. #1 Utterance: Korean Learner #11

Utterance: Native Eng. Spkr. #2

For Learner #1, 10 prosody coordinates

Utterance: Native Eng. Spkr. #3 With Native #1, (FO1, Int,, Dur1)
With Native #2, (FOZ, Intz, Durz)
With Native #3, (F03, Int3, Dur3)

Utterance: Native Eng. Spkr. #10
With Native #10, (FO, , Int

10’ 10’

Dur, )

For ten bad learners, 10 X 10 = 100 Coordinates



3D Space of Prosody Coordinates

Prosody coordinates of bad learners

z = Dur

Group of “bad” scores




3D PFOSOdy Model - anideal case

Location of arrow heads

N

Automatic comparison

of learner utterances

- with native speakers'

in the form of 3D coordinates,
i.e. (x,y, z) = (FO, Int, Dur)

z = Dur

Color of arrow heads
(Group membership)

N

Human evaluation

\{\& of learner utterances

4 in terms of “good” and “bad”

Store this model in a discriminant function




Discriminant Analysis

A learner with no manual score,
i.e. with unknown membership

A A set of automatically computed
AN ﬁ A prosody comparison coordinates

zZ = Dur
>.°
.
»
» P
»

Perform a discriminant analysis

Predict its group membership




Automatic Assessment of Prosody

Human
Manual
Evaluation
: Scores

Automatic
Comparison
Analysis
- FO, Int, Dur

Sentential
3D Prosody Model
of
. Discriminant Functions Predicted
Automatic :
Gomparison : Scores « (FO, Int, Dur) ganua|
Analysis cores
- FO, Int, Dur
Training Data Test Data
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Human Evaluation

Manual prosody scores for

“The dancing queen likes on e apple pies”
g lik ly the apple p
Group File Segment  Overall Group File Segment  Overall Group File Segment  Overall
File 1 3 3 File 13 El ] File 21 -4 3
N 5 File 2 5 5 K5 File 14 4 4 K2 File 22 4 3
File 3 5 5 File 15 4 4 File 23 4 3
File 4 5 5 File 16 4 1 File 24 1 3
File 5 5 5 File 17 4 4 File 25 4 3
File 6 5 ) File 18 El 4 File 26 -4 3
File 7 5 5 File 19 4 4 File 27 + 3
File 8 5 5 File 20 4 4 File 28 4 3
File 9 5 ] File 29 4 2
File 10 5 5 File 30 4 2
File 11 3 3
File 12 5 5

<Table 2> The segment and overall scores of the 30 utterances for Set B sentence “The dancing queen likes only the
apple pies”. The evaluation was performed by a Korean phonetician. Note that the segment evaluation scores were

controlled among the Korean learner groups K5'and K2'.
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Sample coordinates for one utterance from group K5

Comparison between  FO contour difference Intensity contour difference  Segmental durations difference  Coordinate (x, v, z
N5.Ul and K5.Ul 899 142 408 (899, 142, 408)
N5.U2 and K5.U1 360 92 190 (360, 92, 190)
N5.U3 and K5.U1 377 159 183 (377, 159, 183)
N5.U4 and K5.UI 206 81 151 (206, 81, 151)
N5.US5 and K5.U1 291 153 826 (291, 153, 826)
N5.Ub and K5.U1 251 113 563 (251, 113, 563)
N5.U7 and K5.U1 346 120 532 (346, 120, 532)
N5.U8 and K5.U1 299 114 343 (299, 114, 343)
N5.U9 and K5.U| 282 92 216 (282, 92, 216)
N5.U10 and K5.U1 716 178 183 (716, 178, 183)

<Table 3> A sample coordinates of the overall proficiency score points for K5UI utterance. NS and K5 represent the
group names and U# represents the utterance number.
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3D Model : K5 vs. K2
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3D Model : K5 vs. one from K2
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Prediction with Discriminant Analysis

<Table 4> The classification table from the discriminant analysis. The number in each cell represents the probability of

the automatic prosody score being classified into the predicted group. The left panel is for the test learner from K5' and

the right panel is for the test learner from K2'.

predicted K2' K5' total
observed
K2' 12 0 12
K5' 1 11 12
total 13 11 24

<Table 5= The confusion matrix for the classification table.

The 4th World Voice Congress

predicted K2' K5’ total probability predicted K2' K5’ total probability
observed observed
K5' 0.423926 0.576074 1.000000 K2’ 0.973646 0.026354 1.000000
K5' 0.586402 0.413598 1.000000 K2' (1.997847 0.002153 1.000000
K5’ 0.144321 0.855679 1.000000 K2' 0.995902 0.004098 1.000000
K5' 0.356046 0.643954 1.000000 K2' .994552 0.005448 1.000000
K5§' 0.198097 0.801903 1.000000 K2' 0.977365 0.022635 1.000000
K5' 0.247591 0.752409 1.000000 K2’ 0.985658 0.014342 1.000000
K5' 0.226376 0.773624 1.000000 K2' (0.986786 0.013214 1.000000
K5' 0.181814 0.818186 1.000000 K2’ 0.980868 0.019132 1.000000
K5' 0.343508 0.656492 1.000000 K2' 0.986836 0.013164 1.000000
K5' 0.286556 0.713444 1.000000 K2' (1.98R487 0.011513 1.000000
K5' 0.161533 0.838467 1.000000 K2' 0.985466 0.014534 1.000000
K5' 0.203144 0.796856 1.000000 K2' (L981090 0.018910 1.000000

23
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