Eva Géfdz'ng and Arthur S. Abramson | e

A STUDY OF THE PERCEPTION OF -
SOME AMERICAN ENGLISH
INTONATION CONTQOURS!

This is a report of some exploratory work on intonation where the
experimenters used a machine called the Intonator, The Intonator,
designed arnd built at Haski Laboratories, is an electronic device,
which makes it possible to impose artificial pitch contours on natural,
recorded speech (Borst and Cooper, 1957).2 :

Outline and scope

In the earlier part of the paper we are concérned with the problem
of finding some American English intonation ‘contours which can be

identified by native speakers on the basis of fundamental frequency
alone. The later part describes our experiments with these contours.3
The experiments were designed with the purpose of determining to

- what extent it is possible to change ‘the pitch-curve of a given contour l
before it starts sounding like & different one, The question of “same?”

and “different”, was to be answered by means of controlled listening -

! An abbreviated version of this paper was read before the Seventy-Fifth
Annual Meeting of the Modern Language Association of America, Philadelphia,
Pennsylvania, December 28, 1960. The experiments were carried out in two
periods of three months in 1959 and 1960. At the Fifth International Congress of
Phonetic Sciences worlk along similar lines was reported by Magdics, Isadenko
and Hadding.Koch. In the hope that our results may be of interest to other work-
ers we decided to publish them rather than await an opportunity to complete
our investigation. ‘

* As the speech i3 passed through an 18-channel Vocoder, it gets a somewhat
machine-like quality. This and other limitations in the Intonator makes it per-
haps better suited for an investigation of gross rather than fine features of in-
tonation. Better instrumentation (Cooper, 1964) will now make it possible to
check the results reported here and carry on the work with better control.

* A.8.A. is mainly responsible for the earlier part of the project, E.G. for the
later.
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tests. A comparison of possible changes in several contours was expect-
ed to give us—ultimately—some guidance in the choice of parameters
for the description of intonation.

‘Procedure in choice of contours

To get a collection of naturally spoken intonation contours we made
up a carrier sentence “Five thousand six hundred ten” and a descrip-

tion of five situations. A number was chosen because of its lack of -

emotional connotations. The sentence was uttered twice for each situa-
tion by five native speakers of American English with some but not
" striking dialect diversity. There were three women and two men.
Approximate labels for the situations described to our informants
were the following. o Cot e e T
1. Neutral statement
2. Yes or no question
3. Anger
4., Delighted surprise
. B. Counting in a series .~ ... .. . o
"+ As could be expected the informants did not respond uniformly to the
five situations. The highest agreement was found in situations 1 and
2. The greatest variation was found in the’ emotionally loaded situa-
tions 3 and 4. We eliminated those utterances that in our judgement
were unique as to type and those that had been judged inappropriate
by the speakers themselves. This left us with 27 renditions of the sen-
tence “Five thousand six hundred ten”. The magnetic tape segments
containing these utterances were fixed to cards for the card-reader. A
card-reader is a tape-playback device which permits a quick change
from one tape-segment to another and therefore facilitates comparison
between utterances.l :

Test 1

Five subjects were asked to sort the 27 utterances into groups of into-
nation types. All reference to the elicitory situations and semantic
labels was excluded from the test directions. . )

1 Ellamac Language Master, Ellamac Ine., Chicago Ill. (Cooper, 1964).
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The subjects classified the utterances, setting up from eight to twelve
classes. We then looked at the infersections of test Tesponses to find
classes on which at least four out of five subjects agreed. Out of the
original 27 utterances only 13 were grouped into such classes, yielding
five apparently distinct intonation types with more utterances repre-
senting some categories than others. These five types, labeled A, B,
C, D, E, are, in the judgement of the experimenters, appropriate to the
elicitory situations 1, 2, 3, 4, 5.

At 'this stage of our work we wanted to see if there would be general
agreement on the “sameness” of the utterances that had been grouped
together and to obtain information on degrees of similarity between
them. The thirteen cards were reduced to ten with two representing
each category. '

Test 2

A subject was given one of the two versions of A as a model and was
asked to rank the nine remaining utterances in order of similarity to
it. This was repeated for each of the five situations with eleven subjects.
The test was administered to one person at a time.

Using the data generated by this test we set up the notion of “dis-
tance” between utterances in the following way. The utterance thought
most similar to'a model was 3 distanice of “one” from it; the utterance
that was judged as least similar to & model was & distance of “nine”
from it. Averaging over the subjects and the five test situations we
obtained an overall distance for each pair of utterances. :

Fig. 2, p. 65, shows the rank order of distances between contours. The
average distance between two versions of the same situation is just
over two. The next smallest distance is that between B-utterances and
E-utterances, about four. These contours have a final rise as their
common feature. The greatest distance is between A and D, objec-
tive statement and delighted surprise, about eight. Their most con-
spicuous contrastive feature is a fall in A from a mid level against a com-
plex pitch movement at a high level in D.

The results of this test support our assumption that the two versions
of each contour were the same, i.e. variants of the same contour.

On the usual assumption that pitch patterns provide the most im-
portant cues to intonation types, narrow band spectrograms were used
to trace the fundamental frequency movements of the ten utterances
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used in Test 2. The average of the two curves for each category is pre-
sented in Fig. 1. For this purpose women’s voices were reduced in
fundamental frequency by half to bring them into the male range ‘and
the two utterances were aligned in time, syllable by syllable. Solid
lines representing actual measurements are connected by dotted lines
to show the continuity of speech. -

Test 3

In order to determine whether the average pitch patterns we had arriv-
ed at contained enough cues to distinguish the five intonation con-
tours we turned to speech synthesis. A sequence of English nonsense
syllables was constructed /kal gulov [t fobel kan/with the same num-
ber and patterning of stressed and unstressed syllables as in our original
gentence. We also ended the final syllable in a nasal as in the original
sentence. Our purpose in preparing this sequence was to have a carrier .
for the synthetic contours that was devoid of lexical content. A male
speaker recorded this carrier sentence on a monotone to make it rea-
sonably neutral as to concomitant features. o o

Each of the average pitch patterns (Fig. 1) was put on the carrier
sentence, syllable by syllable, by means of the Intonator.! The five
resulting utterances together with a sixth on a monotone of 130 cps
were recorded on tape and put on cards appropriate for the card-reader.

Twelve subjects were asked, one at & time, to compare the synthetic
patterns with the r_ea,f ones. The subjects were to decide which of the
synthetic patterns matched the standards. After each comparison the
cards were shuffled to provide the possibility of assigning the same
synthetic pattern to more than one standard. Finally any synthetic
card left unassigned was to be matched against all five real-speech
cards and assigned to the category of one of them.

" There was 100 9, agreement on the matching of thereal and synthet-
ic cards for Contours A, B, C, and D and 37 9, for E. Since for the
most part E was merged with B, we believe that the difference in funda-
mental frequency between our intonator versions of these two contours

! This method was used by Abramson (1962) in an investigation of tones in
Thai. Each tone was imposed on each member of & set of five tonally differen-
tiated words. Pitch contours were found to override all concomitant features.
Eliciting responses from Thai subjects was much more straightforward, since
the tones of their language have a clearly phonemic status.
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Wwas not great enough to make them distinct. We suspect that the pitch
distinction between B and E in the real speech utterances was support-
ed by differences in intensity and duration. The synthetic monotone
was assigned to E 90 9, of the time. '

Still, four out of five contours were easily distinguishable on the
basis of pitch alone. The exploration of the pitch ranges of the curves
could begin.

- Reactions to changes in contours
Simplifications

" In the production of the average synthetic contours for Test 3 the
real speech contours had been aligned syllable by syllable. Judging
from the results of this test minor temporal changes that had been
brought about by this procedure did not have any effect on the identi-
fications of A, B, C, and D. _

Another simplification that had passed unnoticed in Test 3 was that
points where measurements had been made for the average contours
had been joined by straight lines instead of smoothly undulating lines,
which are characteristic of pitch patterns in natural speech.b2

In order to make a comparison between the essential features of
our confours we decided to make the precontour (everything before
the final, stressed syllable) a monotone of 130 cps and as a start con-
centrate our synthetic variations on the final syllables. For these tests
we returned to the sequence “Five thousand six hundred ten”.

Schema_of variations

The intonation of the final syllables has at least one turning point and
an endpoint. We decided to move these points up and down the pitch
scale in steps of 10 cps. In this way we should be able to study the
effect of a change in the pitch interval of the last pitch movement.
This change would at the same time affect the rate of the pitch move-
ment,

! Delattre (1963) has pointed out that the shape of a final curve is typically
concave in English, German, and Spanish but convex in French.

* Isadenko and Schiidlich (1963 and 1964) have demonstrated how they can
approximate the syntactic function of German sentence-intonation using two
levels of piecewise constant fundamental frequency.
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The shape of the pitch movement was also varied by introducing -
new turning points. This was an attempt to examine the effect on per-
ception of the “hooks” (as seen in spectrograms) which so often accom-

-pany major pitch movements.

Testing

In our testing we used the ABX technique in the following way. Two
contours were set up as models. A number of intermediate curves were
generated on the Intonator. These synthetic contours were then used
as stimuli in a test. Listeners were asked to compare each stimulus to
the two models. The stimulus could be judged either as the same or
most like one of the models.

This testmg technique was used with the following contours as mo-
dels:

A and B. (Test 4. Fig. 4, p. 68, 11 generated contours. 14 subjects.1)
B and D. (Test 5. Fig. 5, p. 75. 15 generated contours. 11 subjects.)
A and C. (Test 6. Fig. 6a,b,c,d, pp. 76, 77. 29 generated con-
tours. 10 subjects.)
A and E.(Test 7. Fig. 7 a, b, p. 78. 19 generated contours. 10
' ., _subjects.)

Test 4 will be described in detail.

Test 4

The opposition between A and B was the most obvious starting point
for a study of cross-over points between contours. The difference be-
tween them seemed to reside mainly in the pitch movement of the last
syllable (cf. Fig. 1). The pitch movement in this syllable was further
simplified in that the level beginning of B and the level end of A were
merged with the general pitch movement of the syllable. This change .
did not have any noticeable effect. Fig. 3, p. 68, shows these simplified
versions of A and B, both with an identical precontour on a monotone
of 130 cps. The end point of contour A was now moved up in steps of 10
cps until it reached 200 cps, thus making eleven stimuli which were
recorded three times. The 33 test items were put in random order to
form Test 4. The stimuli were presented to the listeners in groups of -

1 The subjects were employees of the Haskins Laboratories.
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three, each stimulus ultimately taking all three positions in the group.
The two models A and B from Test 3 were heard before each group.
(The placement of the stimulus in regard to the models turned out
not to affect the results.) L -

The 14 subjects who took the test were to compare each stimulus
with the models and decide whether it was the same_intonation contour
as one of them or, if not, which of the two it was more like. The possi-
bility of assigning a stimulus to neither A nor B by simply indicating
greater similarity to one of them was allowed because of the chance
of our having gone through the range of some third category. '

Fig. 4 gives the percentage of votes for each of the four alternative
responses to each stimulus, A, A-like, B, B-like. The following obser-
vations can be made.

The graph shows a striking skewness, the votes for A and A-like
being outnumbered by the votes for B and B-like (B and B-like 290,
A and A-like 172 votes). The cross-over point between A, A-like and
B, B-like is between stimuli 4 and 5. No A-votes are to be found from
5 through 11. B-votes have a wider spread and are lacking in only two
stimuli, 1 and 2. A final drop of more than 10 ops is needed to make
the listeners liken a stimulus to a standard with falling pitch. Stimulus’
5, for instance, has a final fall from 150 to 140 ops. Still it is judged
as B-like, rising, 59 9, of the time. Stimulus 6 with a level final contour
is considered B-like in 83 %, of the judgements. This recalls one of the
results of Test 3. A monotone was assigned 90 %, of the time to Cate-
gory E, which has a rising final pitch. The predominance ‘of votes for
B and B-like suggests the following conclusion. The contrast between
a question contour and a statement contour may very well be a con-
trast of level versus fall rather than & contrast of rise versus falll

The following considerations have to be-kept in mind, however.
1. The placement of the precontour may have preconditioned the
responses in favour of B. The turning point that is more significant
to perception is perhaps 1 rather than 2 (see Fig. 3). Consequently we
may need a drop below the comparatively long precontour on 130
¢ps to perceive the whole contour as falling. ' '
2. The intensity curve of the carrier phrase (an utterance pronounced
on a monotone) may have fitted a level or rising pitch contour better
than a falling one, thus giving strong support to B and B-like responses.

" 1 The same dichotomy has been pointed out by Uldall (1963).
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CONTOUR A
Accepted as A by listeners
CPS
150 _ 190
180 — 180
170 — . 170
160 160
150 —| __ 150
140 — | 140
130 — | 130
120 — 120
110 — | 110 -
100 — ‘ . 100
90 — o \\_ 90
80 ' ~ L 0
TIME — o

FINAL SYLLABI;E

« shows location of additional iurn_ing. point. One Is the maximum aumber for each
contour. Thick line represents original contour. ' S

£e000

Summary of results -

Collecting all the information we gathered for each contour about
various modifications accepted by subjects in Tests 4, 5, 6, and 7 we.
will now give a summary of our results. At this stage of our work we
know more about the range of Contour A than aboub the others. We
define the range of a contour to be all modifications (in a given schema)
which are identified or accepted as that contour.

The above figure shows all the synthetic variants that were accepted
as A. Their pertinent features will be described in terms of shape, size
of intervall, and level.

CONTOUR A
Shape: A falling pitch movement from a mid level.

Size of interval: 40—70 cps. The end point can be moved up 10 cps (Sti-
mulus 2, Test 4, p. 68) and moved down at least 20 cps (Contours 1
and 2, Test 7, p. 78). The beginning point of the final syllable can be

1 Size of interval because range is used in & different meaning in this paper.
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CONTOUR B

Accepted as B by listeners

CcPs . i
220 — . : ' — 220
210 — — 210
200 ~— 200
190 — — 190
180 — — 180
170 ~ ~ 170
160~ ~ 160
150 — v ~ 150
140 : ~ 140
130 — ' ~ 130
120 . — 120
110 ' , ~ 110
100 ' - 100
TIME —

FINAL SYLLABLE

moved 10 cps upwards (Contour 6, Test 6, p. 76) and 10 cps down-
wards (Contour 2, Test 6). ' o e e
Level: The level from which A starts is more important than the size
of the interval. A stimulus with the interval of A starting from the
level of C (Contour 11, Test 6) will be called C-like. o S
Changes of shape: If a turning point is introduced one fourth of the
way from the beginning of the final syllable above A (Contours 24, 25,
26, Test 8) the curve is no longer identified with A. An additional turn-
ing point in the middle of the syllable makes listeners say that the curve
is like C rather than like A (Contours 27, 28, 29, Test 6). This additional
turning point then makes the contour more like the emotional model
than the objective one. The explanation may be that a sustained mid
level is perceived as a high level. An additional turning point one
fourth of the way from the end or in the middle of the syllable below
A does not disturb the identification of A (Contours 4 and 14, Test 7,
p. 78).

CONTOUR 8
Shape: A rising pitch movement.

Size of interval: At least 30 cps. The end point can be lowered 20 cps
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(Stimuli 9 and 10, Test 4, p. 68). Contours with the end point lowered
from 30 to 60 cps are judged as B-like as was reported under Test 4. An
end point lowered 50 cps, i.e. & change producing a contour-with a
level pitch movement, is called B-like in more than 80 9/ of the judge-
ments. v

Level: In Test 3 Contour E was merged with B. One of the differences
in pitch between them is that E starts from a low level. This difference
in level then seems to be insignificant.

Changes of shape: A new turning point can be introduced one fourth
of the way from the beginning of the syllable below B (Contour 2,
Test 5, p. 75) and the curve will still be identified with B. A new
turning point in the middle of the syllable (Contours 3 and 4, Test 5)
reduces the B-votes by 30 9%. The portion before the new turning
point- can be moved upwards 30 cps (Contour 6, Test 5) before
listeners stop calling it B.

CONTOUR C - .
Shape: A falling pitch movement from a high level.

Size of interval: From 70 to at least 120 ops. The end point can be
raised. 30 cps (Contours 13, 14, 15, Test 6, p. 76). The beginning
-point can be moved up at least 20 cps (Contours 9, 10, Test 6).
CONTOUR C

Accepted as C by listeners
CPs

FINAL SYLLABLE
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CONTOUR D
Accepted as D by listeners )

- CPS : ) -
220 « : 220 -
210 — o [ 210
200 - 200
190 _ - 190
180 _ - 180
170 — — 170
160 — - 160
150 L— 150
140 — - 140
130— ‘ =130
120 S

~ 110 . L 110

| 100 : L 100

TIME — .
: FINAL SYLLABLE ... . . . |

Level: The level from which C starts is more i portant than the inter-
val (cf. Contour A). - e et e
Changes in shape: A level or rising beginning which occupies one fourth
of the duration of the final syllable above C can be omitted (Contours
18 and 19, Test 6). Even if this initial rise starts from a’ much lower
level (e.g. at 130 cps as in Contour 16, Test 6, p. 76) the contour is still -.
identified with C.1 It should be noted that a similar change in A takes it
out of the A-category. We can conclude that C has a larger range than -
A. The range of a contour is probably proportional to the amount of
pitch movement that is involved in it.. . Ce s aR

CONTOUR D

Shape: A falling-rising pitch movement. No experiments have been
made to explore the size of the interval and the level of D.

Changes of shape: The initial rise of the pitch movement in the final
syllable can be omitted and the curve is still identified with D (Con-
tour 8, Test 5, p. 75). In fact, the identification score improves by this
change. Thus, the contour which physically has three movements can

! Insynthesizing American intonation Delattro (1963) has found that a pre-slope
rise can be omitted.

8 — Studia Linguistica 1985; 1—2 A 73
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CONTOUR E

Accepled as E (variant of B) by listeners

CPs . ' -

200 — ; ) — 200
190 — - 190
180 ~ — 180
170 — ) L 170
160 — — 160
150 : L 150
140 — . 140
130 — — 130
120 -] . L 120
110 \ | 110
1oo-J A ~——t - L 100
TIME — ‘

* FINAL SYLLABLE

as far as perceptual relevance is concerned be described in terms of two
movements, falling and rising.! Pitting this falling-rising variant of D
against B (Contours 3, 4, 5, 6, 7, Test 5, p. 75) we find that the falling
~ beginning of D can start from at least 170 cps before listeners say that
it is hke B ra,ther than like D.

CONTOUR E

Already in Test 3 it was shown that the pitch difference between E and
B was not great enough to make listeners keep them apart. This result
indicates perhaps that the falling-rising pitch movement of the last
syllable in E is not noticed, leaving the general rise betweeun the
beginning and the end as its characteristic feature. Test 7 gives some
support to the hypothesis that E is perceived as a rising contour. The
general reaction to the series of contours 9 through 12 is a case in
point. In these stimuli the rising portion of the pitch-curve at the end is
identical with that of E and kept constant; the falling former portion
has been given various beginning points. As long as the end point is
higher than the beginning point the contour is judged as identical with
orj(with decreasing beginning point) most like E, butlisteners cross over
to A when the beginning point is given the same pitch as the end point.

1 If the duration of the final syllable had been 1onger, the result may of course
have been different.
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General conclusions

Our results indicate that each contour has a considerable margin within
which changes can be made without any effect on Perception, as long
as these changes do not disturb a certain pattern. Using three pitch
levels to mark the significant turning points and end points of the
fundamental frequency, our original contours can be transeribed in the
following way:

; . 2 21
Tentative pattern for A: Five thousand six hundred ten.
2 23
” » ” B: Five thousand six hundred ten.
2 : 31
» » ¥ C: Five thousand six hundred ten.
9 323

» 2

” D: Five thousand six hundred ten.

TEST NO.S CONTOUR 8- CONTOUR D
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TEST NO 6 CONTOUR A~ CONTOUR C

Test phrase was "five thousand
six hundred ten” with 130 cps mono=
tone up to syllable “ten”, then
with pitch contour varied as shown,

C-LIKE
A-LIKE

Each of the 29 contours was dden-
tified as being just like Contour A A
(= Contour 3) or just like Contour C
(= Contour 8), or most like one of
these two.

\\

Fig. 6 a
TEST NO. 6 CONTOUR
Tast phrase vas “five thousand
= six hundred ten" with 130 ¢ps mono-
tone up to syllable "ten, then
with piteh contour varied as shown.
[~
200 -] CONTOUR A
150 \
1
o
3
c 5
C-LIKE £ %0
A-LIKE @
a ® 25
0
Fig. 6 b
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i

TEST NO. 6 CONTOUR A~ CONTOUR G (CONT'D)

Each of the 29 contours was {den-

tified as being just like Contour A §
(= Contour 3) or just like Contour C 2
(= Cohtour 8), or most like one of g
these two. ¢ i
C-LIKE =4

- A-UIKE §

Test phrase was “five thousand A

aithdndun“withUOn-pnm- 3t

tone up to syllable "ten",
with pitch contour varied as ohm

E@?ﬁ

TEST NO.6 GONTOUR A~ CONTOUR C (CONT'D)
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TEST NO. 7 CONTOUR A-GONTOUR E (CONT'D)

Test phrase was "five thousand Each of the 19 contours wae idene
-unmm-umnommo- tified as being just like Contour 4

E Contour 3) or just like Contour E
= Contour 1)), or most like one of
these two,
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Summary

The fundamental frequency movements of five American English into- -
nation contours were varied in a systematic fashion and the variations
were submitted to identification tests. The results of these tests have
shown that a contour can stand considerable change before it loses
its identity. The important features of the synthetie contours used in
this investigation can be described in terms of rectilinear movements
between three pitch levels.
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