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Abstract 

F0 stylization in speech: str,night lines vs parabolas 

J. 't Hart 

The perceptual analysis of intonation is facilitated by the practice of styliza

tion, i.e. the technique of approximating the capricious Fo curve by means of 

stretches of rather simple functions. The tradition at IPO is to use straight 

line segments, in spite of a sometimes -visually- rather poor fit with the curved 

shapes in F0 recordings. This paper describes an experiment intended to exam

ine the discriminability between pulse trains modulated in frequency linearly 

and parabolically, in shapes representative of Dutch and British English into

nation. Three rise-fall patterns were used, mainly differing in excursion size. 

Linear versions could have either a sharp or a flattened peak. The general out

come was that the ( musically trained) subjects were successful in only 36 of the 

117 runs; of these, 33 were produced by six of the thirteen subjects. Further 

analysis showed that in particular, the differences between linear versions with 

flattened peak and parabolic versions were hardly ever detected. 

1. Introduction 
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It has been common practice at IPO for ,a long time, to try and achieve data 

reduction in fundamental frequency ( F0 ) curves in speech by making piece

wise linear approximations to them. The rationale for this practice is that the 

resulting contour consists of discrete events, viz. perceptually relevant pitch 

movements, with clearly defined beginnings and endings, which, moreover, are 

related to corresponding activities on the part of the speaker, as was laid down 

in our basic assumption (Cohen and 't Hart, 1967) and corroborated by Collier 

(1975). But the results of these activities are not manifested as straight line 

segments in the F0 recordings, which are always curved. Therefore, one may ask 

whether a function other than a straight line would give a better fit to the F0 

curve. On the other hand, the straight-line approach has the advantage that the 

time alignment of the movements with respect to segmental information can be 

specified easily. A curved-line approach should preferably not be inferior in this 

respect. For example, Fujisaki's well-known solution (Fujisaki and Sudo, 1971) 

does give a very close fit, but it does not seem to fulfil the other requirement 

very well. 

Several years ago it was brought to the attention of the present author (Hirst, 

personal communication) that parabolas are very adequate functions for mak

ing approximations to F0 curves: the fits look closer than those with straight 

lines, and since a parabola is not a fully quadratic function, the necessary cal

culations are only slightly more complicated than in the case of straight lines, 
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and it is still easy to define beginnings aqd endings. 

Still, the question remains whether it is necessary to introduce a more compli

cated function than a straight line. In order to answer that question, a criterion 

is needed and, given the context of this study, the preferred criterion should be 

a perceptual one: if the difference between straight-line stylization and original 

course of F0 is not audible, a simple linear approximation is sufficient. 

Seemingly, the experimental evidence in favour of linear stylization has already 

been given. De Pijper's (1983: 23-31) experiment on so-called close-copy styl

izations showed that these could, in general, not be distinguished perceptu

ally from resynthesized originals. But the experiment was done with complete 

speech utterances, and one of the reasons for the favourable outcome might have 

been that the memory of the listeners was taxed too much to enable them to 

listen analytically. His outcome was good enough for the purpose at hand, viz. 

to establish all and only the perceptually relevant pitch movements in speech 

utterances. But it does not allow us now to conclude that. straight lines are as 

good as parabolas in the approximation of F0 curves. 

Data reduction can be achieved in quite a few other ways than by means of rec

tilinear stylization. It was felt to be unsatisfactory that, even at the Institute 

where this stylization method was developed and applied to the intonation of 

five different. languages, no direct evidence has yet been produced in favour of 

this kind of stylization. 
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Therefore, it was decided to run an exp•;riment in which the discriminability 

would be measured between rising-falling pulse trains ( without diverting word 

content), modulated in fundamental frequency linearly or parabolically. Stimuli 

of this kind were assumed to maximize the possibility of their being discrimi

nated auditorily. In other words, differences that would remain below threshold 

under these circumstances, would certainly go unnoticed in connected speech. 

In view of the desired link with speech pitch, a number of requirements should 

be met. First of all, the rise-fall patterns should have shapes (in the sense of 

slopes and durations) representative of the intonation of Dutch and British En

glish (languages most frequently used at our laboratory), and be superimposed 

on a declining baseline. Furthermore, since speech pitch is preferably dealt 

with in terms of a logarithmic frequency scale, the stimuli for this experiment 

were also made in a domain of logF0 versus time. Sizes of F0 changes are then 

expressed in semitones (ST), and their speed in semitones per second (ST/s). 

Thirdly, it should be examined whether polynomials of a higher degree than 

that of parabolas wouldn't be even more applicable. It appeared that already a 

degree of three (y = ax3
) in a rise of half an octave in 80 ms (a standard value 

for British English) leads to a maximum speed of 225 ST/ s, which is unrealistic; 

with parabolas, the maximum speed is 150 ST/s, a value that can actually be 

found to occur in speech. 

Finally, in some contours we use sharp, pointed rise-falls, but in most cases we 
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insert a short plateau (30 to 40 ms) at ~he peak. Both kinds of straight-line 

versions were therefore used in this experiment. One might expect that, under 

otherwise identical conditions, the sharp peak can be distinguished from the 

parabolic one more easily than the flattened peak, since in the sharp version 

the·actual peak height is maintained only during one period. Experience with 

the manufacture of close-copy stylizations has shown that one can easily com

pensate for this effect by choosing a somewhat higher peak. In view of the aim 

of the present experiment, it was decided to omit this compensation, with the 

following reasoning: if, despite the expectation just mentioned, listeners show 

themselves to be unaware of the difference between the sharp and the other two 

versions, the aim of the experiment would seem to be reached a fortiori. 

2. Effect of pitch period quantization 

Since speech is usually digitized with a sampling frequency of 10 kHz, pitch 

periods are accurate to the nearest tenth of a millisecond. This results in a 

quantization of F0 in steps of, e.g., 1 Hz in the vicinity of 100 Hz, and about 

4 Hz in that of 200 Hz. This could imply that in the stylized contours, the 

differences between linear and parabolic versions are submerged. As it hap

pens, however, the deviation between any frequency lower than 170 Hz and the 

nearest frequency that one is forced to select as a result of quantization remains 
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below 0.15 ST (the highest F0 value used ~n the experiment was 161.29 Hz). On 

the other hand, local differences between linear and parabolic versions may be 

as big as one ST or more, depending on slope and excursion. (By quantization, 

such high values are only obtained if F0 is above 1,000 Hz.) The implication 

is twofold: differences between linear and parabolic stylizations may be audible 

despite quantization, and the experiment can be done using the same sample 

frequency ( of 10 kHz) as is applied in our daily practice. 

3. Stimulus preparation 

Stimuli were made, as already mentioned, in three versions, to be indicated 

henceforth with: p for parabolic, s for sharp, f for flattened. Each of these 

three versions were made in three patterns, one of which (PTH) was a typically 

Dutch so-called pointed hat (regardless of the possibility that it has a flattened 

peak), one (MHL) a typically British English Mid-High-Low pattern, and one 

(PTS) a steeper pointed hat. The standard specifications for Dutch (abrupt) 

pitch movements are: duration 120 ms, excursion 6 ST. According to our stan

dard specifications for British English (De Pijper, 1983; Willems, Collier and 

't Hart, 1988), the MHL pattern consists of a half rise from Mid to High, with 

an excursion of 6 ST, in 80 ms, followed by a 40 ms plateau, followed by a full 

fall to Low ( 12 ST in 160 ms). In order to incorporate a kind of intermediate 

6 



stimulus in the experiment, the movemerits in PTS were given an excursion of 

9 ST, with a mean duration of 110 ms. 

A detailed description for one example demonstrates how the stimuli were oh-

tained. The example chosen is the British English Mid-High-Low (MHL) pat

tern ( see Figure 1 ) . 

The end frequency is 75 Hz, which corresponds to -4.98 ST with respect to 100 

Hz, indicated in Figure 1 as point F. The entire pattern is superimposed on a 

declination line, for which a slope of -3.33 ST /s was chosen. The effect of this 

tilt is that the size of the (less steep) rise becomes somewhat less than 6 ST, and 

that of the (steeper) fall somewhat more than 12 ST. The baseline fragments on 

either side of the rise-fall are given a duration of 160 ms, and so the positions 

of points A-F can be calculated (see Table 1). 

The semitone values of Table 1 are converted into the nearest quantized periods, 

and these, together with the corresponding time values, are plotted on paper 

in a large-scale diagram ( e.g., abscissa: 1 cm corresponds to 100 samples, or 10 

ms; ordinate: 1 cm corresponds to 0.2 ms). Next, the intermediate stretches 

are calculated, in the first instance every 10 ms, and plotted. For instance, 2.49 

ST (re 100 Hz) in point B corresponds to 115.47 Hz, To= 8.66 ms. The nearest 

quantized period is 8.7 ms, which, in turn, corresponds to 114.94 Hz, or to 2.41 

ST. If we want to rise to 8.22 ST in 80 ms, we divide (8.22 - 2.41) by 8, and 

obtain 5.81/8 0. 726 ST /10 ms. This gives the list of interpolation points 
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shown in Table 2. 

These points are also plotted in the diagram, and a smooth line is drawn to 

connect them ( see Figure 2, solid line through open circles). 

Next, a suitable series is established of quantized periods that result in an ap

proximation as close as possible to the target line. The dots in Figure 2 represent 

the quantized periods selected to give the best possible fit to the target line for 

(part of) the linear version of the MHL pattern with flattened peak. 

Making the calculations for the target line for the parabolic versions is some

what more complicated, but not very much so if the following measures are 

taken. Define begin and end point of a movement in time (t1 , t 2 ); establish the 

point half-way (t3 ); for the first half of a rising movement, take the minimum 

of the right half of a rising parabola in t1 as the origin, and for the second half, 

take the maximum of the left half of a falling parabola in t 2 as the origin; join 

them together in t3 ; take the same parameter p for both parts. 

The equation is y = ±x2 /2p (plus or minus depending on which part is at issue), 

in which p = D2 
/ 400E, with D = total duration in milliseconds, and E = total 

excursion in semitones. 

In order to obtain the same average pitch in the F0 changes in each of the 

three versions, care has been taken to have the rises and falls in the three ver

sions cross each other half-way, in the bending point of the parabolic version. 

This implies that in the straight-line version with flattened peak, the durations 
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of the movements are somewhat shorter than in the other two versions. The 
' 

stretches of declination before and after the rise-fall were intended to be iden-

tical in the three versions ( apart from the effect of the measure just mentioned 

for the flattened version); this could only be approximated, in view of the other 

requirements. 

4. Specification of the stimuli 

Tables 3, 4, and 5 give the values for the onsets, the turning points, and the 

offsets for the nine different stimuli. 

A comment should be made regarding stimulus PTS- "f" in Table 5. Contrary 

to PTH-f and MHL-f, this stimulus does not contain a genuine flattened peak. 

The reason is that, with the chosen slope and excursion, it proved very difficult 

to meet the condition of half-way crossing between PTS-p and PTS-s. In or

der to create a situation comparable to those in PTH and MHL, viz. that the 

difference between conditions p and f might be less audible than the differences 

between p and s, and s and f, it was decided to make the third version of PTS 

with less steep slopes, in such a way that half-way crossing with the p version 

was achieved. Since the less steep slopes imply that the listener is exposed to 

high pitch around the peak for a longer time than in version s, it seemed un-

necessary to make an additional version with a flattened peak. 
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Figure 3 illustrates the courses of F0 in tl,1e three versions of pattern MHL. 

5. Test procedure 

In @rder to test whether or not the differences between the various versions 

are audible, a four-interval, two-alternative, forced-choice paradigm ( 412AFC) 

was applied. The main advantage of this paradigm, compared with a same-or

different design, is that the listeners know that in each quartet there is always 

one pair with equal and one pair with different items. 

On the basis of the three versions (f, s, p ), the following nine quartets can be 

formed: 

pp-ps 

pp-pf 

pp-sf 

ss-ps 

ss-pf 

ss-sf 

ff-ps 

ff-pf 

ff-sf 

From each of these, three other quartets can be derived, by means of an inver

sion of the order of the items in the different pair, an inversion of the order of 

pairs, and an inversion of both items and pairs. This yields a total amount of 

36 different stimulus quartets for each pattern. 

Note that in two thirds of the quartets, one of the items in the different pair 

is the same as in the equal pair ( SA CO for "same context"); in one third, nei-
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ther of the items in the different pair is the same as in the equal pair (DICO 

for "different context"). This implies that in a first round, the corresponding 

responses will have to be analysed separately. 

The experiment was done with three runs for each pattern. In each run, the 36 

quMtets (of one pattern) were presented in an individual random permutation. 

Subjects were free to determine the time interval between successive runs. 

6. Subjects, instruction, conditions 

Thirteen subjects took the test. They were selected on the basis of the criterion 

that they should play music on an instrument which they are used to tuning 

themselves. In this way, it might be expected that their sensitivity to small 

frequency differences would be higher than that of arbitrary individuals. There 

were no self-reported hearing defects. Four subjects had ample experience in 

making close-copy stylizations; one of these had, moreover, regularly partici

pated in psychoacoustic experiments, as had two of the other subjects. Only 

three subjects could be considered complete outsiders in the field of pitch per

ception under laboratory conditions. Such a choice of subjects is not usual in 

psychophysical experiments, in which the aim is to explore the absolute limits 

of human performance. By means of this experiment, however, we only want to 

find evidence for the hypothesis that the piece-wise linear approximations, as we 
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are used to apply them, are generally ind,istinguishable from the parabolic-like 

natural shapes of F0 • It is not necessary to determine, by means of a quasi

continuum between the two versions, and using only subjects who are deeply 

trained in doing this particular task, what exactly is the differential threshold. 

We·only need to know which differences are above, and which are below thresh-

old. 

Subjects were informed about the nature of the stimuli (as stimulus quartets 

will be named henceforward). They were asked to indicate for each stimulus 

whether they thought it was the first or the second pair that contained different 

items. They were told that in many cases it might seem that both pairs were 

equal, or in some cases that both pairs were different, but that they nevertheless 

had to make a choice. 

Subjects listened, individually, through headphones (Philips N6330/02) m a 

quiet room, interactively with the computer. Each run was preceded by a series 

of four (arbitrary) stimuli, for practice and to set a comfortable loudness level. 

Throughout the experiment, the timing within the quartets was fixed. The time 

interval between the onsets within each pair was 1.5 s, that between the onsets 

of the second item of the first pair and the first item of the second pair was 2 

s. Each response initiated the next trial after a pause of 2 s. A response could 

be either pressing key '1' on the terminal keyboard ( difference in first pair), 

or key '2' ( difference in second pair). The subjects received no feedback. Each 
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time the subject pressed key '0', the same ;-timulus was made audible once more. 

7. Results 

The first thing that has to be examined is whether or not SACO and DICO 

stimuli gave different results. Table 6 shows the percentages of correct responses 

to SACO and DICO stimuli in each of the three patterns. 

None of these differences is significant (t24 = 0.44, 0.23, 0.27, respectively); as 

a consequence, these data can be pooled. 

A following observation is that the inter-subject differences are large: correct 

responses per run ( of 36 trials) range from 13 to 31 for PTH, from 15 to 33 for 

MHL, and from 15 t.o 34 for PTS. Nevertheless, an easily interpretable overview 

can be obtained when applying the signal detection theory (Swets, Tanner and 

Birdsall, 1961 ). Translated into the conditions of this experiment, the prin

ciples of this theory are that there are two (generally) overlapping Gaussian 

distributions on an observation axis, one for same, one for different items in a 

pair. The distance between the peaks, expressed in the standard deviations, is 

d1
; whenever d1 is greater than 1, the listener's performance is above threshold. 

The right half of the overlapping area contains false alarms: the corresponding 

pairs contain same items, but these are erroneously responded to as different. 

The remaining part of the right distribution contains pairs with different items, 
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and the area at the right side of the vert-,ical line through the cross-over point 

of the two distributions contains the correct detections, or hits. 

A plot of hits vs false alarms, a so-called Receiver Operating Characteristic dia

gram, gives an immediate view of the performance of the subjects. See Figures 

4a, 4b, 4c; axes are numbered from O to 18 instead of the usual O to 1, to show 

the raw data. The diagonal drawn corresponds to d' = 0. The curved line next 

to it represents d' = 1, the second curved line is d' = 2. The point (2, 12) in 

Figure 4a means that the subject has made 12 hits, and 2 false alarms in this 

run ( d' = 1.65 ). At this stage of the analysis, we will mention values of d' only 

incidentally, and will focus the attention on the three figures. 

For pattern PTH, we see that only four runs have been really successful, whereas 

in two runs, the performance is just above threshold ( d' = 1.02 in both cases). 

As could already have been expected from the data in Table 6, patterns MHL 

and PTS have given less difficulties. Figure 4b shows 12 successful runs for 

MHL, and again two just above threshold; Figure 4c contains 16 successful 

runs. 

In all three figures, the extensiveness of the cloud of points in the direction of 

the diagonal is considerable. This indicates that many subjects suffered from a 

substantial response bias. This is also reflected in the large spread in, e.g., the 

numbers of responses '1' in all runs with pattern PTH: the extremes are 9 and 

29. 
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The initials of the subjects are not indic,nted in the figures. Yet, it might be 

interesting to know, for instance, which subjects made the best achievements. 

Table 7 lists co-ordinates (:r,y) and initials for subjects who scored d' > 1. 

From Table 7 it appears that six subjects (LA, JH, MH, TH, CO, MV) are re

sponsible for 92 per cent of the runs with d' > 1. We will refer to these subjects, 

who scored d' > l in at least three of the nine runs of the entire experiment, 

as acute observers. In Section 8, we will pay attention to the achievements of 

these subjects in particular. 

In each of the stimuli, a comparison is made between either a parabolic and a 

sharp linear version (p-s ), or a parabolic and a flattened linear version (p-f), or 

a sharp linear and a flattened linear version (s-f ). Thus far, the analysis did 

not keep apart these three categories of comparison. By sorting out the stimuli 

according to each of the three comparisons, and by combining the results of 

the three runs (within each pattern), we obtain equal-comparison series, as we 

will refer to them. In this way, we will be able to examine possible differences 

in the degree of difficulty. The percentages of correct responses for all subjects 

together are given in Table 8. 

These figures suggest that in pattern PTH the most difficult comparisons are p-f 

and s-f, that in MHL p-f, and in PTS s-f are the most difficult comparisons. A 

simple test showed that none of the differences in PTH are significant; in MHL, 

p-f is significantly lower than each of the other two (p-s vs p-f: t 24 = 1.87, 
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p < .05; p-f vs s-f: t 24 = 3.00, p < .005 ); jn PTS, s-f is significantly lower than 

both p-s and p-f (p-s vs s-f: t 24 = 2.20, p < .025; p-f vs s-f: t 24 = 1. 75, p < .05 ). 

In the next section, we will discuss the results of the equal-comparison series in 

more detail. 

8. Discussion 

It seems reasonable to assume that, generally, insensitive subjects will not show 

much difference between their scores in the three comparisons p-s, p-f, and s-f: 

if they can hardly hear any difference at all, it. is improbable that one of the 

three comparisons will show up to be much easier. We will qualify as insensitive 

subjects those who, with a given pattern, scored d' < l in each of the three runs. 

Their performance in the equal-comparison series will be checked first. 

Pattern PTH had 9 insensitive subjects. Of the 27 equal-comparison series they 

produced, only two scored higher than 1 (AS in the p-s comparison, d' = 1.50; 

LK in the p-f comparison, d' = 1.36). MHL had 6 insensitive subjects, and only 

one of their 18 series was higher than 1 (LK in s-f, d' = 1.08). PTS finally, 

with 5 insensitive subjects, had again only one series higher than 1 (NV in p-s, 

d' = 1.40). 

This corroborates our assumption: with only very few exceptions, subjects who 

scored below 1 in each of the three runs of a pattern did not turn out to have 
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been better in any of the equal-comparisc;,n series. 

On the other hand, with the aid of Table 7 we have identified six acute observers 

(in the entire experiment), and three subjects who scored once above 1 (AZ at 

6,13 in Figure 4b, d' = 1.02; LK at 2,10 in Figure 4c, d' = 1.36; JT at 8,15 in 

Figure 4c, d' = 1.11 ). We will now examine how these subjects scored in the 

equal-comparison series, starting with pattern MHL. 

As we can see in Table 7, most of the six acute observers had two successful 

runs with MHL, some even three. Among LK, JT and AZ, only AZ was suc

cessful in one run. In the equal-comparison series, none of the latter subjects 

scored above 1, as could have been expected. Table 9 shows the values of d' for 

the seven subjects with at least one run above threshold, in each of the three 

comparisons. A striking effect is that, whereas the six acute observers were 

(very) successful in the comparisons p-s and s-f, only one scored well in the p-f 

comparison (MV, with d' = 1.35). 

As was mentioned already, PTH was a much more difficult pat.tern. Only four 

subjects had at least one successful run. Their results in the equal-comparison 

series are given in Table 10. Three subjects performed poorly in each of the 

comparisons, JH was (far) above threshold in the comparisons p-s and s-f, but 

again scored very low with p-f, in line with the effect with pattern MHL. The 

other three scored relatively low with p-f, although not always lowest. 

The situation with PTS is quite different from that with MHL (and, less clearly, 
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that with PTH). Apart from the six acut_e observers, most of which had again 

two or three good runs, two subjects (LK and JT) scored once. In the equal

comparison series, all these eight subjects were well above threshold with p-s, as 

were the six acute observers with p-f, but no more than two ( JH with d' = 1.55 

and MH with d' = 1.11) could distinguish the flattened linear version from the 

sharp linear version. 

The reason why the subjects' sensitivity in the comparison p-f in pattern PTS 

is dearly higher than in the comparable conditions in PTH and MHL must 

be the fact that, for reasons that have been explained in section 4, version f 

( of pattern PTS) was not really one with a flattened peak; instead, it had less 

steep slopes than version s. The time interval during which the fundamental 

frequency was in the vicinity of that of the peak was shorter than in the case of 

a flattened peak, and it appears that this made it more easily distinguishable 

from a parabolic shape. The comparisons-fin PTS was more difficult than in 

the two other pat.terns; this can be understood, considering that in these cases 

two unflattened versions had to be compared. 

Before we recapitulate the main finding of the experiment, a few remarks should 

be made about the six acute observers. LA, JH, and CO are experts in making 

close-copy stylizations (this is true for JT as well, but it did not prevent him 

from being unsuccessful in this experiment). JH, the author, must be suspected 

of having been able to establish a cue while manufacturing the stimuli (indud-
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ing labelled listening to them). MH has ei"perience in participating in listening 

experiments in which subtle variations of pitch have to be detected. TH and 

MV had never taken part in a psychoacoustic experiment before. 

The main finding is that, for pattern PTH, none of the acute observers was 

able to hear the difference between the parabolic and the flattened linear ver

sions (LK is not an exception: her overall performance was not good enough to 

make her an acute observer). Even the one subject (JH) who possibly had prior 

knowledge of the cue on which to concentrate, could not hear that difference at 

all. The results for pattern MHL show the main effect very clearly. With one 

exception (MV), all the acute observers, who scored (very) high with p-s and 

s-f, fell below threshold with p-f. 

As was mentioned in the Introduction, the general practice at IPO when mak

ing close copies or standard stylizations as approximations to the course of F0 

in speech, is to insert 30-40 ms flat plateaus in rise-fall combinations. And it is 

exactly this kind of approximation that cannot be distinguished from the more 

natural-looking parabolic approximation, not even by some very acute listeners 

who have shown themselves capable of distinguishing otherwise similarly subtle 

differences. 

It would have been possible to obtain results with this experiment that were 

difficult to be interpreted. On the one hand, if the (majority of the) acute 

observers would have been able to distinguish all versions from each other in 
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the pulse trains, it would not be possible ,to draw any conclusions with respect 

to a potential superiority of parabolic over linear stylizations in resynthesized 

speech. On the other hand, at the end of the Introduction, mention is made of 

the expectation, during the design of the experiment, that its aim would seem 

to be reached a fortiori if the differences between the sharp and the other two 

versions are no more audible than the p-f comparison. In retrospect, it should 

be admitted that that would not have been the only possible interpretation. If 

none of the listeners would have been able to hear any of the differences be

tween the versions, it would have been hard to decide to what circumstance such 

an overall result should be attributed. For instance, one possible explanation 

would have been that the subjects had not been motivated enough to do the 

test to the best of their abilities. 

Apparently, however, the situation has turned out to be quite different from 

these two extremes. The acute observers showed themselves capable of distin

guishing the sharp versions ( s) from both parabolic and flattened linear versions 

(f ), but specifically failed to do so in the comparison between p and f (the not 

genuinely flattened version of pat.tern PTS is excluded here). 

9. Conclusions 

As was mentioned in the Introduction, it was assumed that the stimuli in this 
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experiment offered the best possible conQitions for discrimination (within the 

limits of what is representative of speech pitch). Nevertheless, even the best 

performers failed to distinguish p versions from f versions. From this result, it 

may be inferred that in speech pitch stylization, parabolic approximations are 

not 1 from a perceptual point of view, superior to rectilinear stylizations. The 

only condition for the latter is that, if the peak heights are made equal to those 

in the original F0 curve, in immediate successions of a rise and a fall, short flat 

plateaus should be inserted. If instead, a sharp peak is used, some listeners may 

be able to hear a difference, especially in stimuli with large excursions ( as is 

suggested by the results with PTH as compared to MHL and PTS). This effect 

can be cancelled by making the sharp peak somewhat higher than the one in 

the p or the f version or, in manufacturing close-copy stylizations, than the one 

in the original F0 curve, but it was not the aim of this experiment, to find out 

how much higher exactly. 

The condition of the insertion of a small plateau is met in our general prac

tice when making close copies or standard stylizations as approximations to the 

course of F0 in speech. The outcome of this experiment demonstrates why this 

general practice has been successful during several decades. 
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Table 1. Onset. turning points. and offset in Figure 1 (x in ms, y in ST re 100 

Hz. aud in Hz). 

:r (ms) 

y (ST) 

y (Hz) 

A B C D E F 

0 160 240 280 440 600 

3.02 2.49 8.22 8.09 .4.45 -4.98 

119 115 161 160 77 75 

Table 2. Interpolation points for the de:sired course of T0 during the rise of 

pattern MHL (B-C in Figure 1). Semitones (ST) re 100 Hz, periods (T0 ) in ms. 

X ST To 

0 2.41 8.70 

1 3.14 8.34 

2 3.86 8.00 

3 4.59 7.67 

4 5.32 7.36 

5 6.04 7.05 

6 6.77 6.76 

7 i.49 6.49 

8 8.22 6.22 



Table 3. Onset. turning points, and offset for the three stimuli of pattern PTH. 

PTH-

A B C=D E F 

x (ms) 0 139.5 256.9 383.2 556.6 

y (ST) -1.01 -1.49 4.08 -2.27 -2.72 

y (Hz) 94.34 91.74 126.58 87.72 85.47 

PTH-s 

A B C=D E F 

:r (ms) 0 139.5 258.0 382.4 555.8 

y (STJ -1.01 -1.49 4.08 -2.27 -2.72 

y (Hz) 94.34 91.74 126.58 87.72 85.47 

ETH-£ 
A B C D E F 

.r (nis) 0 150.4 250.5 266.3 371.8 556.6 

y (ST) -1.01 -1.49 4.08 4.08 -2.27 -2.72 

y /Hz) 94.34 91.74 126.58 126.58 87.72 85.47 



Table .J. Onset. turning points, and offset for the three stimuli of pattern 11HL. 

MHL-

A B C=D E F 

x (ms) 0 136.1 258.4 452.8 597.6 

y(ST) 3.02 2.61 8.28 -4.54 -4.94 

y (Hz) 119.05 116.28 161.29 76.92 75.19 

MHL-~ 
A B C=D E F 

.r (ms) 0 136.1 258.1 454.9 599.7 

y(ST) 3.02 2.61 8.28 -4.54 -4.94 

y (Hz) 119.05 116.28 161.29 76.92 75.19 

MHL-f 
A B C D E F 

.r (ms) 0 162.1 241.3 272.3 450.9 595.4 

yiST) 3.02 2.41 8.28 8.00 -4.41 -4.94 

y \Hz) 119.05 114.94 161.29 158.73 77.52 75.19 



Table 5. Onset. turning points, and offset for the three stimuli of pattern PTS. 

PTS-

A B C=D E F 
:t' (ms) 0 86.1 198.8 306.0 398.5 

y (ST) -3.44 -3.72 4.98 -4.67 -4.94 

y (Hz) 81.97 80.65 133.33 76.34 75.19 

EIS-s 
A B C=D E F 

.r (ms) 0 111.0 203.6 297.1 402.7 

y(ST) -3.44 -3.86 4.98 -4.54 -4.94 

y (Hz) 81.97 80.00 133.33 76.92 75.19 

£IS- "f" 
A B C=D E F 

.r: (ms) 0 86.l 206.6 308.9 401.3 

y(ST) -3.44 -3.72 4.98 -4.54 -4.94 

y (Hz) 81.97 80.6.5 133.33 76.92 7.5.19 



Table 6. Percentages of correct responses to SAme COntext and Dlfferent 

COnte.x.t stimuli in each of the three patterns. 

PTH MHL PTS N 

SACO 56.5 66.3 67.6 936 

DICO 57.5 65.4 66.2 468 

Table 7. Identification of the subjects wh,o scored d1 > 1. (f.a.=false alarm) 

pattern f. a. hits subj. pattern f.a. hits subj. 

PTH 2 12 co PTS 0 11 MV 

3 17 JH 0 16 JH 

5 12 JH 1 12 MH 

6 13 JH 1 14 co 
7 16 TH 1 15 LA 

11 18 LA 1 16 JH 

MHL 0 10 co 2 10 LK 

1 14 MV 2 12 MH 

1 16 co 2 16 JH 

1 17 MH 3 11 co 
2 16 JH 3 13 co 
3 14 JH 3 14 LA 

3 15 TH 3 16 MH 

3 16 JH 7 14 MV 

3 16 MH 7 15 TH 

3 18 LA 8 15 JT 

5 12 co 
5 15 MV 

6 13 AZ 

8 17 LA 

Table 8. Percentages of correct responses in the equal-comparison series. 

comp. PTH MHL PTS N 
p-s 60.3 67.7 71.6 468 
p-f 54.7 57.7 69.4 468 
s-f 54.5 72.6 60.3 468 



Table 9. Values of d1 in the equal-comparison series of pattern MHL for subjects 

who scored at least one successful run with this pattern. 

p-s p-f s-f 

LA 1.81 0.91 4.13 

JH 5.13 0.71 4.76 

MH 2.81 0.71 2.81 

TH 1.35 0.42 1.36 

co 2.19 0.48 2.81 · 

MV 1.35 1.35 1.65 

AZ 0.28 0.28 0.83 

Table 10. Values of d1 in the equal-comparison series of pattern PTH for subjects 

who scored at least one successful run with this pattern. 

p-s p-f s-f 

LA 0.87 0.33 0.28 

JH 5.13 0.28 1.20 

TH 0.15 0.59 0.86 

co 0.71 0.14 0.71 

Table 11. Values of d' in the equal-compar;ison series of pattern PTS for subjects 

who scored at least one successful run with this pattern. 

p-s p-f s-f 

LA 2.19 1.99 0.87 

JH >5 5.13 1.55 

MH 1.81 3.18 1.11 

TH 1.50 1.11 0.56 

co 2.81 2.35 0.45 

MV 1.73 1.05 0.86 

LK 1.22 0.15 0.97 

JT 0.28 1.05 -0.15 



Captions to Figures 

Figure 1. Stylized representation of the British English MHL pattern, 

for a male voice. Semitones are relative to 100 Hz. A-Fare 

the characteristic points given in Table 1. 

Figure 2. Target line of To as a function of time in the rise, 

the plateau and the beginning of the fall of the contour 

of Figure 1. Open circles: target values calculated for 

every 10 ms; dots: quantized periods as selected to give 

optimal overall fit. 

Figure 3. The three versions of pattern MHL (a: parabolic; b: straight 

lines with flattened peak; c: with sharp peak). 

Figure 4a. Receiver operating characteristic (ROC) diagram for pattern PTH. 

Lines are drawn for d' = 0, d' = 1 and d' = 2. Each point 

represents a run of 36 trials. Open circles: double points; 

triangle: triple point. Further explanation in the text. 

Figure 4b. ROC diagram for pattern MHL. Point 6,11 is quintuple. 

Figure 4c. ROC' diagram for pattern PTS. 
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