ARE YOU ASKING ME, TELLING ME OR TALKING TO YOURGELF?
Kerstin Hadding®* and Michael Studdert-Kennedy#t

Haskins Laboratories, New Haven

In a study aof Swedish intonation, Hadding-Koch (1961) distinguished among
three Functional categories of utterance and their correlated fundamental
frequency (FO) contours. The first category ("guestion") occurred when e
speaker wanted an answer from a listener; it was characterized by a re-
latively high FD at the stress neak and a rising terminal glide. The se-
cond categary ("statement”) occurred when a speaker wanted a listener to
believe or agree with himy; it was characterized bv a lower FD at the
stress peak and a falling glide. Later perceptual studies of synthetic
speech, in which the FO contour of an utterance was systematically varied,
have largely supported these descriptive analyses (Hadding-Koch and
Studdert-Kennedy 1964, 1965a and bj; Studdert-Kennedy and Hadding 1972y
in press. Listeners tended to classify contqurs with an apparent terminal
rise and/or high FD at the stress as guestions, contours with an apparent
terminal fall and/or low FD at the stress as statements (cof. Uldall, 1962).
The third category of utterance, described by Hadding-Koch, had a level
terminal glide ("terminal sustain"). With a relatively even and moderately
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iigh overall this type of contour occurred when the speaker was m

or talking toihimself. With various other FO patterns.in earlier sections |,
of the contour, level terminal glides also occurred in exclamations and in
some otner type of utterances expressing a somewhat emotional reactiaon,
These are not treated here. Common to all these contexts is the fact that
the speaker was not primarily interested in eliciting a listener's response

- in fact, no listener need be bresent at all. Moravcsik (1971) gquotes

Householder as differentiating "statements which disclaim knowledge, but
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exhibit indifference towards ohtaining it from real guestions by a feature
(iHearer) indicating hearer's involvement" (p. 81, fn 1). We would like to
propose a similar rfeature though with a somewhat different definition,

As a first step, the present study was intended to assess the percep-
tual validity of the third category. The hypotheses were that (1) listen~
ers can reliably identify Ffundamental frequency contours Which display a
level terminal glide rather than a terminal rise or fall, (2) listeners
can reliably form a category of utterances defined by the speaker's talk-
ing to himself rather than addressing a listener, (3) "talking=-to-self
Judgments, if they occur, are made of contours characterized by a moderate,

evern FD, ending with a level glide,

Method -

The stimuli were those used in a previous study (8tuddert—Kennedy and
Hadding, 19723 in press). They were prepared by means of the Haskins
Laboratories Digital Spectrum Manipulator (DSM) (Cooper, 1965). This de-
vice provides a spectrographic displa? of a 19-channel vocoder analysis,
digitized to 6 bits at 10 msec intervals, and permits the experimenter
to vary the contents of each cell in the freguency-time matrix, before
resynthesis by the voccder., For the present study we were interested in
the channel that displays the time course of the fundamental frequency of
the utterance, since it was by manipulating the contents of this channel
that we varied FD.

The utterance "November! [no‘v&mbzr] was spoken by'an American male
voice into the vocoder and storéd in the DGSM. FD was then manipulated
over a range from 85 Hz to 220 Hz . The FD values at the most important
points of the contours (Starting point, peak, turning point, anc end
point) were chosen to representlfour different fD levels of a speaker

with a range from 65 Hz to 250 Hz . The four levels were based on a



SCHEMA OF FUNDAMENTAL
FREQENCY CONTOURS

e 220

130@

120

e 100
(2)

® 85
()
k—170—-106-432k—1275f32k— 201—a2k¢
TIME IN MSEC.
N—0—\V——e—m—p—a ——
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previous analysis of a long sample of speech by a speaker with this pay-—
ticular range (Hadding4<och, 1961, pp. 110 ff.).

The contours are schematized in Figure 1. All contours start on a FD
of 130 Hz, sustained for 170 msec, over the first syllable (the "pre-
contour"). They then move, during 106 msec, to one of three "peaks";

130 Hz (L, or low), 160 Hz (H, or high), 200 Hz (8, or superhigh). They
proceed, during 117 msec, to one of four turning points: 100 Hz (1),

120 Hz (2), 145Hz (3),180 Hz (4). Finally, they proceed, during 201 msec,
to one of six end-points: 85 Hz (1), 100 Hz (2), 120 Hz (3), 145 Hz (4),
180 Hz (5), and 200 Hz (6). Peak, turning point, and end point are each
sustained for 32 msec. The combination of three peaks, four turning
points, and six end points yields 72 contours, each specified by a letter
and two digits (e.g., 514 for the contour of Figure 1) and each lasting
700 msec.

The 72 contours were recorvded on magnetic tape from the output of the
vocoder in two forms: (1) carried on a speech wave [no‘vembar], (2) as
a Treguency-modulated sine wave., Each set of 72 was spliced into five
different random orders with a five-second interval between stimuli and
a ten-second pause after every tenth stimulus,

A group of 22 Swedish graduate and undergraduate volunteers (10 of
whom had served as subjects in our earlier experiments) was tested in a
series of three sessions, each lasting about 45 minutes. They listened
to the tests over a loudspeaker in a guiet room, In a given session they
heard the five test orders for one type of stimulus only. All subjects
heard the sine wave stimuli in thelr first session (so as to reduce the
possible influence of speech mechanisms on judgments of nonspeech sti-
muli). Half the group then made linguistic judgments of the speech sti-
muli in their second session, psychophysical judgments of the same sti-

muli in their third session; half the group took the tests in reverse

order,
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Tn the sine wave session and in the speech psychophysical session,
subjects were asked to listen to the terminal glide of each contour and
to judge whether it was rising, falling or level in pitch. In the linguis-
tic session, they were asked to picture three situations: a speaker
addressing a question to a listener, a speaker making a statement to a
listener, and a Speakér not adaressing a listener, but talking to him-
self. The subjects' task was then to listen to each utterance and assign
it to its appropriate category: guestion, statement or "talking=-to-self",
The third category is not, of course, logically exclusive of the first
two, and proved difficult to explain. Nonetheless, subjects agreed to
try to use it and, in the event, were able to do so with fair consist-

ency .

Results

st

No systematic differences between groups due to the order in which they
made their judgments were observed. Data are therefore presented for
the combined groups. Figure 2 presents the sine wave, spesch psychophy-
sical and linguistic results for the three series of contours (H3, L3,

LZ} in which at least one contour was judged as expressing "talking-to-
self" on more than 50 % of the group's Jjudgments, Percentages of fall,
level and rise judgments (sine wave and speech psychophysical) or of
statement, "talking~to-self"and guestion Jjudgments (1inguistic} are
plotted against terminal glide, measured as rise (positive) or fall
(negative) in Hz from turning point to end point. Each data point repre-
sents a percentage of 110 judgments (22 subjects judgen =ach contour
five times).

Consider, first, the sine wave results (Figure 2, left column). For

each series of contours the only contour judged more than 50 % of the

time to be terminally level in pitch is the contour for which the ter-
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Figure 4, Schemata of all terminally level contours judged "level™
on less than 50 D/n of the group's judagments.,
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minal FD glide was, in fact, level, "Level" judgments increase and de-
crease systematically on either side of this zero value, with a stronger
tendency to hear a slight fall as ievel than a slight rise. Since "level"
Jjudgments never reached 100 %, either for the terminally level contqurs
of Figure 2 or for the nine other terminpally level contours presented,
it is evident that listeners did not find the judgment easy. However,
their errors were primarily "misses" rather than "false alarms". That
is to say, while four of the twelve terminally level contours failed
to draw more than 50 % "level" judgments, none of them drew as many as
50 % "fall" or "rise" judgments, and none of the sixty terminally rising
or falling contours drew as many as 50 % "level" judgments,

These results are summarized in Figures 3 and 4. Figure 3 (left
column) sketches the eight sine wave contours Jjudged "level" more tnan
50 % of the time., Figure 4 (1left column) sketches the four terminally
level sine wave contours for which "level" judgments did not reach 50 %.
Note that three of the latter (812, H12, L12) display a fall from the
beak to a turning point 30 Hz below the onset level of the contour; one
(LAS) displays a rise from the peak to a turning point 50 Hz above the
onset Level of the contour,

Figure 2 (center Golumn) presents speech psychophysical results, In
each graph it is again the terminally level contour that collects the
highest percentage of "level" judgments. But the spread of "“level" judg-
ments over terminally falling contours is plearly broader than for the
carresponding sine wave contours, This is particularly noticeable for
the L3 series, wnere one terminally falling contour (LBB, middle row)
actually oraws 55 % "level" judgments. Nonetheless, this is the only
"false alarm", so that, with five of the twelve terminally level contours
being judgec "level" more than 50 %_DF the time, the errors were again

primarily "misses'", Figures 3 (center column) and 4 (right Dolumn)
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summarize these results.

Figure 2 (right column) presents the linguistic judgments. In each
series it is the terminally level contour that draws the highest per-
centage of "talking-to-self" judgments, But there is a clear tendency
for these judgments to invade the statement category. In one series
(LB, middle row) the invasion matches gquite strikingly that made by
"leQel” Jjudgments into the "fall" category of the specch psychopﬁysical
data, However, the tendency appears in all three series so that each
has a termimally falling contour that draws close to 50 % "talking-to-
self" judgments: H33 (46 %), L33 (58 %), L22 (59%). Figure 3 (rignt
column) summarizes these results. Note the weight of "talking-to-self™
judgments in the moderate to low stress peak series, No contour in
the S-series meets the 50 % criterion, only one in the H-series, four
in the L-series, The latter include two comtours with level terminal
glides, two with terminal glides that fall by 20-25 Hz,

Finally, we note that, while the preferred gquastion contours of our
previous study (studdert-Kennedy and Hadding, 1972; in pregs) were
totally unaffected by the introduction of a third category, the pre-
Ferred statement contours did not fare so well, Nine of the twenty-—
thres statement contours on which subjects displayeoc at least 90 %
agreement in the previous study dropped below that level in the present
study. Three of these (L33, L22, L23) were among the five contours

collecting more than 50 % "talking—-to-self" judgments. .

Discuésion

Listeners to brief (700 msec) frequency modulated sine wave contours

can, with some reliability, identify those that sustain a level freguency
over the last 265 msec, But their performance is not perfect, While they

seldom hear a rising or falling terminal glide as level, they do with
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fair freguency hear a level glide as rising or falling. They tend to be
misled not by the initial rise to the peak, but by the rise of fall from
peak to turning-point, that is, by the movement of the contour during
the 127 msec immediately preceeding the terminal sustain: Figure 4
(1eft column) shows that two aof the Four terminally level contours that
were "missed" display ﬁo onset—to—-peak movement, but all four display
a movement of at least 30 Hz from peak to turning-point, and end on a
frequency at least 30 Hz above or below the precontour level of 130 Hz,
We may therefore say that, exactly as in our previous study (Studdert—
Kennedy and Hadding, 19725 in press), listeners seem to use the precon-
tour as an anchor and then have difficulty in separating the terminal
glide from the immediately preceding section of the contour if that
section displays a marked movement to a point well above aor well belaow
the anchor,

The speech psychophysical results display a similar pattern. All four
of the contours missed in the sine wave Jjudgments were also missed in
the speech psychophysical, and three more were added. Two of those added
(523, H23) display a strong fall from peak to turning point, but end on
a frequency only 10 Hz below the precontour level; the other (s45) dis-
plays a Fall of only 20 Hz from peak to turning point, but ends on a
level 50 Hz above the precontour. In other words, there is clear overlap
between sine wave and speech psychophysical data.

Even where the two sets of data do not agree, as i? the tendency for
listeners to judge certain terminally falling speech wave contours as
"level", the errors would seem to arise from the same source as the sine
wave errors, namely, from a simple inability to separate terminalglide
from earlier sections of the contour. Thus, if the first 467 msec of
the contour are relatively level (as in the H3 and L3 series, where all

frequency variations between onset and turning point are within 30 Hz of
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the precontour) listeners may fail to detect the slight terminal fall
and then judge it to be "level" (see Fig. é, center column). In other
words, they do not, as might be predicted from the analysis—by-synthesis
model of Lieberman (4967), accept glide as level when the stress peak is
exceptionally high, but rather when the entire section of the contour
preceding the terminai glide is relatively low and level.

Turning to the linguistic data, we may say that listeners are indeed
able to identify an utterance as that of a speeker talking to himself
and that they may even do so with more consistency than they make the
corresponding psychophysical judgment (see Fig. 2: L34, L23). Nonethe-
less, they are not perfectly consistent., One reason for this is that
the categories statement and "talking-to-self" are not mutually ex-
clusive, and so compete for certain contours. This is evidenced by the
tendency of "talking-to-self" judgments to take over the statement cate-
gory at level terminal glide (see Fig. 2: L23, Linguistic) and by the
fact that three of the four contours collecting more than 50 % "talking-
to-self" judgments in the present study drew more than 90 % statement
judgments in our previous study. Combined with this, a second factor
may have contributed to listener uncertainty; intensity. Talking to our-
selves we speak softly. But all utterances in the present study were of
equal intensity so that a listener, choosing between the two competing
categories, may have been pushed toward statement by a relative inten-—
sity more apt for addressing others than self.

In considering tHe linguistic results, we should bear in mind that,
while psychophysical judgments were made on the terminal glide, linguis-
tic judgments were made on the entire contour. IFf, therefore, sine wave,
speech psychophysical and linguistic judgments coincide, we may reason-
ably conclude that terminal glide controlled linguistic decision, From

Figure 2 and 3 it is evident that, as far as the third category ("level”



or ”talking—to»self") is concerned, the three groups of judgments do
coincide on certain contours that exhibit a level (H34, L34, L23) or
slightly falling (H33, L33) terminal glide. This agreement confirms

the importance of the terminal glide in linguistic judgments of into-
nation contours, While our previous study gave clear evidence of the
connection between terminal rise/fall and judgments of guestion/state-
ment, the present study demonstrates a clear connection between terminal
sustain and judgments of "talking-to-self,

However, terminal glide is not the only determinant of linguistic
decision. Figure 3 shows that one terminally contour (L22) was judged
as "talking-to-self" more than 50 % of the time, but did not reach
criterion on speech wave '"level" judgments, while two speech wave con—
tours (534, HAS), correctly heard as "level" more than 50 % of the
time did not reach criterion on "talking-to-self" judgments. In fact,
of the five acceptable "talking-to-self" contours, four display no
stress peak (L34, L33, L23, LZZ), one displays a moderate peak hut then
drops to within 15 Hz of the precontour level (H34). Evidently, we ex-—
pect people talking to themselves not only to end their utterances
with a level (or slightly Falling) glide, but also to maintain an even,
low to moderate pitch over earlier sections of the contour. The initial
hypothesis is therefore largely confirmed,

To sum up, this study has provided experimental support for the
validity of the third category described by Hadding-Koch (1961), and
for the adoption of a new prosodic feature, [tListenerj, implemented by
variations in fundamental freguency and, perhaps. intensity. The commu-—
nicative function of the feature [+Listener] is presumably to draw and
hold a listener's attention. Further evidence of its operation and of
its functional development might be gained from systematic study of

"egocentric" and "other-directed" speech in young children.

123
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Footnote

We might have avoided some of the difficulties in the linguistic
session, by asking subjects to use only two categories: talking to a
listener and "talking—~to-self', However, we wished to compare the results
with those for the psychophysical sessions, and two-category psyghophy—
sical data would have EDncealed potentially interesting information on
the subjects' capacities ror discriminating terminally level from ter-

minally rising or falling glides,
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