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ABSTRACT

It has been shown that visual display systems
of intonation can be employed to advantage in
teaching intonation to deaf persons and in teach-
ing the intonation of a foreign language. In
current training situations, the correctness of
a reproduced pitch contour is either rated by
the teacher or automatically. In the latter case,
an algorithm often estimates the maximum de-
viation from an example contour or something
equivalent.

Two issues are addressed in this paper.
The first issue is concerned with the ques-
tion whether visually conspicuous differences be-
tween displayed pitch contours correspond with
important audible differences. Second, in au-
tomatic training, the ratings of the correctness
of an imitation must be supplied by an algo-
rithm. These automatically obtained ratings
must correspond with perceptual similarity rat-
ings of pitch contours. '

It is shown that visual and auditory similar-
ity of pitch contours correspond well if pitch
contours are displayed in such a way that only
perceptually relevant features are represented.
Furthermore, for automatic rating, the measure
obtained by calculating the maximum deviation
from an example contour had a worse correspon-
dence with similarity ratings by phoneticians
than three other physical similarity measures.

1 INTRODUCTION

Current speech technology makes it possible to
develop systems which are well able to accept

speech input, calculate the corresponding pitch

contours and display their perceptually essen-
tial features on a computer screen. It has been
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shown that the visual feedback supplied by these
intonation meters can be employed to advan-
tage in teaching intonation to deaf people and
in teaching the intonation of a foreign language
[][21[4][6]8][9]-

Two issues are addressed in this paper. In the
first place, a necessary condition for the suitabil-
ity of visual feedback in teaching intonation is
that ratings of the visual similarity of pitch con-
tours must correlate with ratings of their audi-
tory similarity. Phoneticians, therefore, judged
the similarity of two pitch contours both by lis-
tening and, in a separate experiment, by looking
at two pitch contours displayed on a computer
screen.

In the second place, in current training sit-
uations, the correctness of a reproduced pitch
contour is rated either by the teacher or au-
tomatically. In the latter case, an algorithm
estimates the maximum deviation from an ex-
ample contour or some other eguivalent. In
game-like exercises, for instance, the pupil has
to produce a pitch contour within a displayed
tunnel of a pre-adjusted height. This “tun-
nel” measure and three other physical similar-
ity measures were compared with the similar-
ity ratings by the phoneticians. These three
measures were the mean absolute difference, the
root-mean-square (RMS) difference and the cor-
relation coefficient between two contours. These
differences were calculated for the contours from
which the mean had been subtracted.

2 METHODS

The pitch contours used for the similarity rat-
ings were obtained by calculating stylised pitch
contours, i.e. piece-wise linear approximations
of the original pitch contours (cf. [3]), for 28
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Table 1: Prozimity matriz of the auditory and visual similarity ratings. Only responses to stimulus
pairs are included in which both stimuli were stylised but different. Kendall’s 7 of this matriz is 0.459,
Spearman’s p 0.536, and the Pearson correlation 0.570.

visual | 1 2 3 4 5 total
auditory
) 1127 46 16 6 1 96
21 8 52 43 18 12 133
3] 1 22 44 40 15 122
41 0 16 33 20 36 105
510 10 24 22 48 104
total | 36 146 160 106 112 560
short Dutch utterances taken from different 3 REsuLTs

Speakefs, both male and female. From six ver-
sions of each utterance, five with stylised pitch
contours and one with the original contour, all
36 possible stimulus pairs were prepared, result-
ing in 28x36 = 1008 stimulus pairs. These were
rated for auditory and visual similarity by four
phoneticians.

In the auditory task utterances were pre-
sented over headphones. Each phonetician
judged the similarity of one quarter of the 1008
stimulus pairs. The similarity of the two stimuli
in each pair was expressed on a five-point scale,
ranging from 1, “no difference”, to 5, “com-
pletely different”. Strictly speaking, the sub-
jects judged the dissimilarity of the pitch con-
tours instead of the similarity, but one can be
converted simply into the other.

In the visual task the two pitch contours mak-
ing up a stimulus pair were presented one above
the other on a screen. This presentation mode
resembles the situation in- which students are
asked to imitate a model pitch contour displayed
on the upper part of a screen and where the
pitch contour they produce is displayed below
the model contour for comparison. Stimulus
pairs in which one or both stimuli had original
pitch contours were not included in the visual
task: The original and stylised contours look so
different that including these pairs would have
seriously affected the ratings for the other pairs.
In the visual task, consequently, 28 x 25 = 700
stimulus pairs, all containing stylised contours,
were judged by the subjects.
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A first, almost trivial, observation has just been
mentioned. Comparison of an original, non-
stylised contour with a stylised contour made
sense only in the auditory task. The small but
numerous details present in the stimulus with
the original contour, though almost inaudible,
are very salient in the visual presentation of the
stimuli.

A second, very conspicuous, result was that
subjects found the visual task much easier than
the auditory task. The visual task was carried
out at least three times as fast, and the internal
consistency was higher [5]. This explains why vi-
sual feedback may be very effective in intonation
teaching [2][8][9], even more effective than audi-
tory feedback. It is concluded that the memory
load in the visual task, in which all information
is presented simultaneously, is much less than
in the auditory task, in which the stimuli are
necessarily presented sequentially.

A third observation was that identical stylised
pitch contours were readily recognised as such
when displayed on a computer screen, whereas,
auditorily, this appears to be much more diffi-
cult. All 140 pairs with identical stimuli were
recognised as such in the visual task, whereas,
in the auditory task, 34 out of 168 (20%) pairs
with identical stimuli were rated as 2 or 3. Thus,
in about one fifth of all cases in which there was
no difference between the two stimuli, subjects
indicated that they heard one.
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Table 2: Kendall’s 7, Spearman’s p and the Pearson correlation calculated for the prozimity matrices
obtained by comparing the auditory and the visual ratings by the phoneticians with the automatic ratings
calculated by means of the four different physical similarity measures: the mean absolute difference
L1, the RMS difference Lq, the “tunnel” measure Lo, and the correlation coefficient.

Kendall’s 7 Spearman’s p Pearson corr.
auditory visual auditory visual auditory visual
L, 0.512 0.581 0.609 0.681 0.609 0.671
L, 0.520 0.581 0.623 0.679 0.617 0.668
L, 0.464 0.484 0.560 0.569 0.560 0.563
corr. coeff.  0.565 0.558 0.670 0.651 0.667 0.653

The conclusion that small-scale differences are
much more salient visually than auditorily can
also be drawn from an analysis of the ratings
to stimulus pairs in which the two stimuli were
different. A comparison of the auditory and the
visual ratings for those stimulus pairs in which
the two stimuli were both stylised and differ-
ent is presented in Table 1. The fact that the
visual ratings are more affected by small-scale
differences can be seen from the following data.
While 96 stimulus pairs were classified as 1, “no
difference”, in the auditory task, only 36 stimu-
lus pairs were thus classified in the visual task.
The caption to Table 1 also presents three dif-
ferent correlation measures for the auditory and
the visual ratings [7].

 Next, the perceptual ratings were compared
with the four physical similarity measures. This
was done in the following way (for details see
[5]). For all auditory ratings, 1, 2, 3, 4 and 5,
histograms of the calculated similarity measures
were determined. The boundaries between the
five classes were drawn halfway between the me-
dians of the five histograms. These boundaries
were then used by the automatic algorithm to
classify the similarity of the pitch contours into
the five categories. So this procedure was based
on the auditory ratings, thus tuning the class
boundaries between the five similarity classes.to
the auditory similarity ratings.

The automatic ratings obtained in this way
were compared with the auditory and the vi-
sual ratings by the phoneticians. The results
were analysed in the same way as was done for
the ratings between the auditory and the visual
ratings presented in Table 1. Proximity matri-
ces were determined for which various correla-
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tion measures were calculated. These correla-
tion measures, Kendall’s 7, Spearman’s p and
the Pearson correlation, are presented in Ta-
ble 2.

Of the four physical similarity measures, the
correlation coefficient corresponded best with
the auditory similarity ratings by the phoneti-
cians. Second best were the RMS difference Lo
and the mean absolute difference L. The “tun-
nel” measure Lo, performed worst. For the vi-
sual ratings, the RMS difference and the mean
absolute difference performed best, followed by
the correlation coefficient and, last, again, the
“tunnel” measure. Another observation is that,
although the class boundaries used for the auto-
matic ratings were tuned to the auditory ratings,
the correspondence with the automatic ratings
was better for the visual ratings than for the
auditory ratings. If these class boundaries had
been tuned to the visual ratings, the difference
would have been even larger. This also shows
that subjects can perform the visual task more
consistently than the auditory task.

4 DISCUSSION

As a physical measure for the auditory similar-
ity of pitch contours, the correlation coefficient
performed best. In automatic training situa-
tions, therefore, the correlation coeflicient can
best be used for automatic ratings. It should be
noted, however, that the correlation coeflicient
normalises for pitch range. The pitch range of
deaf speakers is often too narrow or too large. In
cases in which pitch range is part of the training,
the correlation coefficient cannot be used on its
own. Then either another criterion judging the
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pitch range should be used additionally or, al-
ternatively, the mean absolute difference or the
RMS difference can be used. These last phys-
ical measures correspond best with the visual
ratings. In all cases the maximum absolute dif-
ference, the “tunnel” measure, performed worst.

Furthermore, it is concluded that visual feed-
back can be very effective in computer-assisted
intonation training because the cognitive load
of comparing two pitch contours is much lower
in the visual task than in the auditory task.
This follows from the fact that subjects per-
formed the visual task much faster than the
auditory task and responded more consistently,
and that the correlation measures between per-
ceptual ratings and physical ratings were higher
for the visual task than for the auditory task, in
spite of the fact that the class boundaries were
tuned to the auditory ratings by the phoneti-
cians.

Finally, a necessary prerequisite is that
stylised pitch contours are displayed in such a
way that small-scale, perceptually irrelevant, de-
tails are removed.
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