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Figure 9.1
Fundamental frequency, amplitude, and

duration of type six CLq syllables
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9.2 Type six syllables - fundamental frequency

Figure 9.1 shows that the Fo in the three speakers' CLq syllables
has an abrupt rise to peak over most of the duration of the Final,
followed by an abrupt decay to offset. These shared features correspond
to the short rising pitch and syllable final glottal stop noted above,
p-77, as characteristic for type six syllables.

The extreme positions in the configuration of Fo shapes are
occupied by JMF at the higher end of the Fo scale, and NYJ at the lower.

There is an overlap of about two thirds (RO=62%) between JMF's and
LPX's Fo values, with LPX's onset, peak, and offset lying an average

of about 35 Hz lower than JMF's. As usual, NYJ's Fo values do not
overlap even with LPX's, whose lowest value of 150 Hz is still 2 Hz
higher than NYJ's peak value. NYJ's onset lies 55 and 29 Hz below those
of JMF and LPX, and about 100 and 80 Hz separate his peak and offset
values from theirs.

The individuals' Fo shapes differ in several other ways. In about
the first 2 csec after the onset of phonation, different Fo
perturbations occur. NYJ has a fairly pronounced negative perturbation
with the Fo dropping 5 Hz, and then starting to rise gradually. JMF
shows a very slight drop of 1 Hz, followed by an abrupt rise. LPX's
Fo does not fall at all, but has an abrupt rise from onset of about
10 Hz in the first 2 csec.

The flattening off in the Fo in about the 2 csec before peak which
has already been noted in LPX's syllable types two and four also occurs
in his type six syllables. NYJ's CLq Fo shape also shows this feature,
and to a greater extent than LPX, but it is absent from JMF's example.
The flattening off before peak does not occur in NYJ's type six
syllables with sonorant Initials (Rose 1981).

The remaining differences between the speakers' Fo shapes
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characterise JMF's and LPX's Fo shapes against NYJ's. They concern
rates of Fo rise and decay, relative offset values, and differences in
ranges.

The Fo in JMF's and LPX's syllables rises at the linear rate of
11.1 and 10.0 Hz/csec; NYJ's Fo rises at about half this rate, viz.
5.3 Hz/csec. (These rates were calculated from the point where the Fo
starts to rise, to peak Fo in the case of JMF, and, for LPX and NYJ, to
about 2 csec before peak, where the Fo starts to flatten off.)

Differences in the linear rate of Fo decay after peak also
characterise NYJ against LPX and JMF. Both the amount of the Fo drop
and the time taken to offset are very nearly the same for both LPX and
JMF, and so their rate of decay is very similar: LPX's Fo drops 31 Hz
in 3.1 csec, and JMF's Fo drops 29 Hz in 2.8 csec. This gives rates
of -10.0 Hz/csec and -10.4 Hz/csec respectively. NYJ's drop in Fo of
25 Hz is not quite as great as LPX's or JMF's, but his vocal cords only
need 1.7 csec to stop vibrating, which is slightly over half the time
needed by JMF and LPX. This results in a more abupt rate of decay for
NYJ of -14.7 Hz/csec. Because the Fo drops almost the same amount in
NYJ's syllables as in LPX's and JMF's, it has about the same.value as
onset in NYJ's syllables, but lies considerably above onset (47 and
62 Hz) in LPX's and JMF's syllables. It is interesting to note that,
for JMF and LPX, the rates of Fo decay are almost the same as in
their syllable types two and four, and result from offset times and Fo
drops that show little variation for a given speaker across these
syllable types, p.283. This does not apply to NYJ, who has a much
greater rate of decay in his type six syllables than in his type two
or four syllables. This is because of both the shorter offset time and

greater drop in Fo in his type six syllables.
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Both JMF and LPX have maximum ranges over twice as great as NYJ.
JMF has the largest maximum range of 92 Hz, LPX's maximum range is 14 Hz
smaller, at 78 Hz, and NYJ's maximum range is 32 Hz. For the range
between 20 and 80%ZDP, JMF and LPX have values which only differ by
7 Hz, viz. 66 and 59 Hz.

It is interesting to note the good agreement in absolute Fo values
on the rising portions of syllable types six and three. With one
exception, (JMF,0%DP/DF), the Fo values of type six syllables at 0, 20,
and 40%DP correspond closely to the Fo values at 0, 10, and 20%DF in
type three syllablesl.

The dispersion coefficient for these data is 103%

1. The Fo values are as follows
NYJ JMF LPX
cl.,0%DF 122 (163 146
CLq,0%DP 121 176) 150
cL., LO%DF | 117 171 160
CLq,20%DP 116 175 160
cl., 20%DF 128 188 185

CLq,407%DP 119 190 177
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9.3 Type six syllables - normalisation of fundamental frequency
Differences between speakers in Fo perturbations at onset and
flattening out of Fo before the peak limit the choice of range to one
between values at 80 and 20, or 80 and 40%DP. Either alternative would
be acceptable, judging from the minimal differences between JMF's and
LPX's ranges from 80 to 20, and 80 to 40%DP: the difference between
JMF's and LPX's ranges from 80 to 20%DP is 7 Hz, and the difference
between their ranges from 80 to 40%DP is 9 Hz. There is also very
little difference in the dispersion coefficients with either of the two
ranges: the range with values at 20%DP for its lowest point gives a DC
about 2% higher than that with values at 40%DP as the lowest point.
Because there was nothing to choose between the two ranges, I have taken
the mean of the results of both of them. This has the added advantage
that it allows the normalised values at an additional %#DP point to be
included in the calculation of the dispersion coefficient. The results
of the normalisation are given in figure 9.2 and table 9.10, p.-369.
Figure 9.2 shows that the configuration of the Fo contours of
type six syllables over about the first third of the Final resembles
quite closely that in type three syllables, p.247. The normalisation
resolves the speakers' Fo shapes fairly well between 20“and'100%DP, but
at onset, i.e. O to 20%DP, and particularly at offset, i.e. 100%DP
to 100%DF, there are some large differences in the speakers' contours.
Excepting the differences at ounset, tPX's and NYJ's contours appear very
similar; JMF's contour differs conspicuously from them in his peak,
which is not flattened. Between 20%DP and peak, the mean maximum
difference 1s about 10%, which is equivalent to real differences of 5.1
(NYJ), 10.7 (JMF), and 10.8 Hz (LPX). These values are certainly
smaller than the speakers' corresponding mean standard deviations of 8.0

(NYJ), 12.5 (JMF) and 13.3 Hz (LPX), but not very much smaller. If the
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same comparison is made with the mean maximum difference for contour
values at all seven data points (18.8%), it can be appreciated that the
corresponding differences in Hz for the three speakers are generally
somewhat greater than their mean standard deviations. The mean maximum
difference of 18.8% for all seven data points corresponds to 9.6 (NYJ),
20.2 (JMF), and 20.3 Hz (LPX), cf. the speakers' mean standard
deviations for all seven data points of 9.4 (NYJ), 13.5 (JMF), and 13.4
(LPX). The differences of 14% at peak and 21% at offset between LPX
and JMF are due to the characteristic flattening out of LPX's Fo shape
as it approaches peak. This factor is also responsible for the
difference between NYJ's and JMF's peak values, but it would have been
expected that NYJ's different decay rate would have resulted in an
offset value considerably lower than LPX's or JMF's. Had the speakers'
Fo values at peak been taken as the highest range point instead of their
values at 80%DP, JMF's and LPX's offset values would still have been
separated by 15%4. This, however, would have been inconsistent with the
choice of range to normalise syllable types two and four, pp.208 and
285.

The dispersion coefficient for these data is 17.6%, a little more
than half of which is due to the large interspeaker differences at
100%DF. Excluding these values reduces the dispersion coefficient to
7.1%. The normalisation index for the Fo in CLq syllables is 6 for
values at all 7 data points; excluding the values at 100%DF increases
it to 13.

9.4 Type six syllables - position of the fundamental frequency
~contour in the speakers' Fo range

The results of the normalisation by percentage of total Fo range
are given in figure 9.3 and table 9.11, p.371. Figure 9.3 shows that
the values of NYJ's contour at O and 80%DP lie slightly higher in his
range than LPX's or JMF's. Otherwise, there is very little variation in

the position of the Fo contour of type six syllables within the
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speakers' range. JMF and LPX in particular occupy very similar
positions. The mean maximum difference between their contours is only
5% (s = 3.1), which corresponds to a value which is 5 Hz smaller than
their mean standard deviations. The mean maximum difference for all
three contours is over twice as big — 12.6% - and only for NYJ
corresponds to a value smaller than the mean standard deviation. For
LPX and JMF, 12.6% is equivalent to about 22 and 24 Hz, which exceed
their mean standard deviation values in type six syllables by about

10 Hz in each case.

The details at onset are very similar to those in syllable types
three and four, pp.250 and 288. At onset, LPX's and JMF's syllables
only differ by 5% of range, but they are separated from NYJ's onset
value by about 15%, because of his initial negative Fo perturbation.
All the onset values lie within the lowest quarter of the speakers'
range, and JMF's and LPX's onset values are located almost within the
lowest 10% of range. By 20% of DP, the distance between the speakers'
contours has decreased to 6% of range, and all contours are located
within the lowest 207 of range.

After the 20%ZDP point, all contours rise towards peak, continuing
to converge, so that at 40%ZDP, they are only separated by 3% of range.
After 40% DP, however, NYJ's rising contour diverges quite sharply from
the.other two, so that at 80%DP it is separated from them by about 15%
of range.

Unlike the other syllable types, peak values are distributed evenly
over quite a wide range from 52 to 67%, that is, just into the upper
half of the speakers' range. LPX's contour lies the lowest, at 527%,
separated from JMF's by 7%, which is in turn separated from NYJ's by
8%. Although their spread is wider than that between the peak values

of C£ and CL syllables, the mean peak value of the Fo contour in type




-373-

six syllables - 59% - agrees almost exactly with the mean values of
the other two types (58%, Ci; 607, Ci). It can be said, therefore, that
the peak Fo of syllable types three four and six is located at the same
height in the speakers' range.

The offset values are fairly evenly distributed within a range of
167%, between 44 and 28%. The range for the offset of type four
syllables is an almost identical 15%, and is located about 3 to 4%
lower, between 40 and 25%, p.288. However, the distribution is not
quite the same in cl. syllables, where JMF and LPX have identical
values.

Although the peak in type six syllables lies just above the 50%
line, the Fo contour 1is clearly [Lo], inasmuch as most of the rest of it
lies below the 50% line, with onset values in the lowest quarter of the

range. The dispersion coefficient for these data is 16%.

A six point scale fares only marginally better than a five point
scale in specifying the onset and peak points of type six syllables from
the Fo contours. The only pitch value that can be assigned
unambiguously in a five point scale is [3], to LPX's peak. The peak
value for the mean contour falls between [3] and [4] on the five point
scale, but is resolved nicely as [4] on the six point scale, thus
equating it explicitly with the peaks of Cﬁ and Cﬁ syllables, as well as
with the énset of CU syllables. However, the six point scale is, if
anything, slightly worse in interpreting the onset values. ‘(Here, as
with Cﬁ and CL syllables, NYJ's onset is ignored.) The mean value of
LPX's and JMF's contour at onset is 9%, which only lies 1% lower than
half way between [1] and [2] on the six point scale, but is slightly
nearer [1] on the five point scale. Because of this, the pitch of type

six syllables in a six point scale is probably best represented as [14].
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9.5 Type six syllables ~ amplitude

The top part of figure 9.1, p.364, shows the three speakers'
raw Ao shapes, scaled by relative amplitude, as functions of absolute
duration. They have been aligned so that O dB on the scale equals the
lowest dB value for each speaker, viz. 13.3 (JMF,100%DF), 11.7 (LPX,
0%DF), and 16.2 dB (NYJ,0%DF).

The configuration in figure 9.1 1s one of three positively skewed
triangles with JMF's Ao values located roughly between the higher values
of LPX and the lower values of NYJ. All three speakers' Ao shapes have
a fairly abrupt rise to peak, followed by at first a gradual, then an
abrupt decay to offset.

The differences between the individual shapes are as follows.
Differences in the shape of the rise to peak, and the location of the
peak, characterise LPX's and JMF's Fo shapes against NYJ's. JMF's and
LPX's peak 1s located more centrally than NYJ's, and the rise to it
is slightly convex, compared to the slightly concave rise in NYJ's
shape. It is interesting to note that LPX and JMF have near identical
values of 4.9 and 5.0 dB for the Ao difference between peak and the
point, at about csec 2.5, where there 1s a slight decrease in the
rate of rise. Over this period, LPX's and JMF's Ao rises at an
identical rate of 1.0 dB/csec, a rate which comﬁares well with NYJ's
value of 0.9 dB/csec over the first 6.5 csec of this syllable. (In
this regard, the speakers' Ao values are similar.)

It can be seen that the initial rates of Ao rise over about the
first 2.5 csec are very different for all three speakers. LPX has by
far the highest rate, of 2.7 dB/csec. This is three times greater than
NYJ's rate of 0.9 dB/csec, which is the lowest. JMF's rate of Ao rise
lies between LPX's and NYJ's, at 1.5 dB/csec. Another aspect in which
all three differ is the range between Ao values at onset and peak. LPX

has the highest value of 11.3, and NYJ the lowest, of 7.5 dB. JMF's
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range is 9.0 dB, again roughly intermediate between the other two.
All three speakers have different details of decay after the peak.
LPX has a fairly long, flat shoulder after peak, before abrupt decay
of Ao occurs, whereas JMF has only a very short flat shoulder. NYJ's
Ao has a more abrupt decay than the other two immediately after peak.
The range from peak to offset is different for all three speakers,
with JMF having by far the largest value of 9.1 dB. LPX's and NYJ's
values are 6.5 and 4.5 dB. Because of JMF's larger drop, his offset
value is almost identical with his onset value (they differ by 0.1 dB
only). In contrast to this, LPX's and NYJ's Ao offsets much higher than
onset, at a value about half that of the range between onset and peak.
Over about the last 2.5 csec, LPX and JMF have almost identical rates of
abrupt decay of -2.4 and -2.3 dB/csec, and the amount of Ao drop is
almost the same as well: 5.6 and 5.9 dB. NYJ's rate of decay of
~1.7 dB/csec over the last 2.2 csec of his Final is not quite as abrupt
as LPX's and JMF's, and the amount by which his Ao falls is also a
little less: 3.6 dB.

The dispersion coefficient for these data is 27%.

9.6 Type six syllables ~ normalisation of amplitude

It is not possible to normalise the three speakers' Ao éhapes using
the maximun range, that is, the range between Ao values at onset and
peak. This is becaues the Ao values at these points are not comparable.
Peak Ao is reached in LPX's and JMF's syllables at 60%DF, 20% of DF
before it occurs in NYJ's examples. This in itself is not completely
indicative of the incomparability of the peak values; after all, JMF's
and LPX's Ao peaks preceded NYJ's Ao peak in type four syllables by 5%
of DF, p.302, and they were still taken to define the upper limit of
the normalisation range. What is more important in this case is the

relationship between the Ao and Fo peaks. In type four syllables, the
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Ao peak preceded the Fo peak by a near constant amount (5% of DF, LPX,
JMF; 3% of DF, NYJ). In type six syllables, this is not the case. The
Ao peak precedes the Fo peak by a much greater amount in LPX's and JMF's
type six syllables (L4% of DF, LPX; 19% of DF, JMF) than in NYJ's
syllables (4% of DF). This shows that the Ao 1s decaying relatively
earlier in JMF's and LPX's syllables than in NYJ's, which points to

a differential contribution of subglottal pressure to the rise in Fo,
from which can be deduced that the Ao peak points of NYJ on the one
hand and LPX and JMF on the other are not comparable.

The large differences between the speakers in the rate of change
of Ao with respect to time at onset, p.374, together with the different
initial Fo perturbations, indicate that Ao values at onset are also not
comparable across speakers. This effectively leaves only the range
between Ao values at 20 and 60%DF, but consideration of the raw values
indicates that these points are, in fact, a very good choice. The range
between values at 20 and 60%DF is almost identical in Ao, and, indeed
Fo, for JMF and LPX (5.0 and 4.9 dB; 36 and 40 Hz), and all three
speakers have almost identical slopes between 20 and 60%DF, p374.

The results of the normalisation using the range between values
at 20 and 60%DF are given in figure 9.4 and table 9.12, p.377.

Figure 9.4 shows that the contours of all three speakers have
very similar rise portions from O to 65%DF, after which the earlier
decay of LPX and JMF relative to NYJ, and the earlier decay of JMF
relative to LPX create rather large differences between them. The mean
maximum difference between the three speakers' contours from O to 65%DF
is 10.5% (s = 10.7)1, which 1s equivalent to values of 1.1 (NYJ), and

1.4 dB (JMF,LPX). These values are about half the speakers' mean

1. To base the calculation on a more representative sample than
the three values at 0, 40, and 65%DF give, I interpolated values at 10,
30, and 50%DF.
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standard deviations over this stretch, which are 2.3 (NYJ), 2.2 (JMF),
and 2.6 dB (LPX). The mean maximum difference between the three
speakers for the contour over the whole of the Final is of course
somewhat bigger: 17.6% (s = 16.0). However, except for JMF, whose
equivalent value exceeds his mean standard deviation by 0.2 dB, the
equivalent Ao values of 1.9 (NYJ), 2.4 (JMF), and 2.3 (LPX) are still
just a little smaller than their corresponding mean standard deviations.
(The mean standard deviations of the speakers are 2.3 (NYJ), 2.2 (JMF),
and 2.6 dB (LPX).)

Even though JMF's Ao decays relatively‘earlier than LPX'é, there
is still a high degree of similarity between them. Their mean maximum
difference is 10.0% (s = 8.9)1, which is equivalent to 1.3 dB for JMF
and 1.2 dB for LPX, a value which is about half their mean standard
deviation values.

The dispersion coefficient for these data, based on observed values
at 0, 40, 65, 80, and 100%DF, and interpolated values at 10, 30, 50, and
65%DF (NYJ), is 25%. The DC for the unnormalised values waé 27%, and
so the normalisation has resulted in a negligible drop'in the DC, for

which the normalisation index is 1.

1. Based on values at 0,40,65,80, and 100%ZDF, and interpolated
values at 10,30,50,70, and 90%DF.
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9.7 Type six syllables - relationship between amplitude and
fundamental frequency.

Synchronised Fo and Ao contours for the three speakers' CLgq
syllables are shown in figure 9.5, p.380. Synchronisation was
achieved in the same way as described for type two syllables, p.219.

Figure 9.5 shows that the relationship between Ao and Fo 1s very
similar for all three speakers between 20 and 60%ZDF. On elther side
of these points, the relationship appears different in the three
speakers, and this reflects the fact that NYJ and LPX have more
similar Fo contours, while JMF and LPX have more similar Ao contours.
However, I shall show below that there is an underlying regularity in
theer/Fo relationship for all three speakers over these stretches as
well.

Between 20 and 60%DF, the Ao and Fo contours of all three speakers
rise abruptly, and converge slightly. The Ao contour also rises earlier
than the Fo contour. The degree of similarity between speakers in these
features during the rise can be demonstrated, as with type three
syllables, by comparing the vertical displacement between their Fo and
Ao contours. At 20%DF, the differences between Ao and Fo contours are
31 (NYJ), 32 (JMF), and 30%Z (LPX). At 407DF, the differences are 31
(NYJ), 30 (JMF), and 22% (LPX), and at 60%, the differences are 23
(NYJ), 16 (IJMF), and 10% (LPX). These figures show that the Ao and Fo
contours converge slightly more between 40 and 60%DF for JMF and LPX
than for NYJ. It is also interesting to note that the speakers' values
for the differences at 40%DF compare well with their values at 20%DF
in type three syllables, which were 37 (NYJ), 32 (JMF) and 327 (LPX).

Between 0 and 20%DF, the Ao/Fo relationship appears to be very
different for all three speakers. LPX's Ao and Fo contours both have
abrupt, positive slopes; NYJ's and JMF's Ao contours both have positive
slopes, like LPX, but their Fo contours have first a negative, then a

positive slope, with NYJ's negative slope far greater than JMF's and
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his positive slope much less. Although the diréctions of the contours
are very different, a simple linear relationship holds between their
slopes over the first 20% of DF. NYJ's Fo has an overall drop at the
linear rate of ( -9%/20%DF= ) -0.45%/%DF, and his Ao a rise at the
linear rate of ( 19%/20%DF= ) 0.95%/%DF. The corresponding rates for
JMF are 0.15%/%DF (Fo) and 1.5%/%DF (Ao). For LPX, the rates are
0.95%/%DF (Fo), and 2.45%/%DF (Ao). Linear regression analysis on these
pairs of Ao and Fo rates (-0.45 and 0.95 (NYJ), 0.15 and 1.5 (JMF), and
0.95 and 2.45 (LPX)) shows them to be related by the formula

x = 1.08y + 1.4, where y = linear rate of Fo change with respect to DF
between O and 20%DF, and x = the linear rate of Ao change with respect
to DF. The value of r for this regression is 0.998, showing a near
perfect correlation.

Inspite of initial appearances, then, the relationship between the
speakers' Ao and Fo contour is regular, also between O and 207%DF.

Between 60 and 80%DF, the Ao/Fo relationship again appears to be
very different for all speakers. It has already been pointed out,
p.376, that LPX's and JMF's Ao decays considerably earlier than NYJ's,
relative to the position of the Fo peak, i.e. after 60%DF, JMF's and
LPX's Ao shows a negative slope; Fo positive. However, NYJ's Ao and
Fo both have positive slopes. Figure 9.5 shows well how the Fo'peak
lags the Ao peak by 14 and 19% of DF in LPX's and JMF's syllables, but
only by 4% of DF in NYJ's syllables. The value of 4% of DF 1is very
small indeed in real terms, and so the Ao and Fo peaks in NYJ's type
six syllables can be considered coincident.

The relatively earlier decay of Ao in LPX's and JMF's type six
syllébles, when the Fo is still rising, must mean that the increase in
Fo over the last few csec before peak is due to vocal cord tension and
not subglottal pressure. NYJ's Fo does not rise as abruptly as LPX's
or JMF's over this period, but his Ao of course has the greatest,

. because positive, slope.
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Although this major difference of an earlier Ao decay characterises
JMF and LPX against NYJ, there are also quite large differences between
LPX's and JMF's Ao/Fo relationship from 60%DF to peak Fo. Whereas
LPX's Ao decays fairly slowly, and his Fo increases fairly slowly over
this period, JMF shows exactly the opposite pattern, with aBrupt rise
in Fo, and abrupt decay in Ao.

The details around the peak are similar for syllable type six and
four, p.303, although in JMF's and LPX's type four syllables, the point
of onset of the Ao decay corresponds to a somewhat higher Fo value than
in type six syllables. In type four syllables, Ao starts to decay when
Fo reaches 240 Hz (LPX) and 245 (Hz); in type six syllables, the values
are 220 and 238 Hz.

Between 60%DF and Fo peak, therefore, an inverse correlation holds
between the rates of rise and decay of the Ao and Fo contours with
respect to time.

The details of these rates are as follows. Over the 12% of DF
from 68% to 80%DF, NYJ's Fo rises at the linear rate of 0.42%/%ZDF, and
his Ao rises at the rate of 0.75%/%DF. Over the 13% of DF from 67 to
80%DF, JMF's Fo rises at the rate of 1.54%/%DF, and his Ao decays at
the rate of -1.77%/%ZDF. Over the 14% of DF from 60 to 74%DF, LPX's Fo
rises at the rate of 0.71%/%DF, and his Ao decays at the rate of
-0.36%/%DF. Linear regression analysis showé that these pairs of Ao and
Fo rates are related by the linear formula x = -2.13y + 1.43, where

rate of change of Fo with respect to time just before Fo peak, and

]

y

x = rate of change of Ao with respect to time just before Fo peak. The
value of r for this regression (0.979) shows a near perfect correlation
between the rates of change of Ao and Fo with respect to time just
before the Fo peak, and shows that the Ao/Fo relationship is regular

for all three speakers between about 60 and 80%DF.
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Both LPX's and NYJ's contours show an approximate coincidence
between the points of Fo peak and a discontinuity in the rate of change
in amplitude. For LPX, there is an increase in the rate of an already
decaying Ao at this point; for NYJ, the Ao changes from rising to
falling. The rate of decay of JMF's Ao at the point where his Fo peak
is reached is already so great that no discontinuity can be seen in his
basic contour, although a slight increase in the rate of decay is
noticeable in his raw Ao shape in figure 9.1, p.364.

The linear rates of Ao and Fo decay over about the last 20% of DF
are very similar for NYJ's syllables, viz. -3.1%/%DF (Fo), and -3.4%/%DF
(Ao). In LPX's and JMF's syllables, the linear rates of Ao decay are
about one and a half times (1.6) greater than the linear rate of Fo
decay, viz. -2.2%/%DF (Ao) and -1.4%/%DF (Fo) for JMF, and -2.1%/%DF

(Ao) and -1.3%/%DF (Fo) for LPX.

Figure 9.6 and table 9.13, p.384, give the subglottal and vocal
cord tension values for NYJ's type six syllables as estimated from
Monsen's model. The subglottal pressure shows an abrupt, almost linear
rise of 5.9 cms Hy0 from a value of 4.8 cms Hy0 at 18%DF to a value
of 10.7 cms HyO at 80%ZDF. 80ZDF is also the point where the Ao peaks.
After 80ZDF, the subglottal pressure is then shown to decay By about
4.9 cms Hy0, to offset at a value of 5.8 cms Hy0. The plot of the
tension values is more complicated. From 18 to 34%DF the tension shows
a slight initial fall of 0.0l from a value of 0.7. This is followed by
a fairly abrupt rise of 0.1l to peak at 847DF, at which point the peak
Fo value occurs.

The rise to peak is interrupted by an initial maximum at 67%DF, and
a following trough. After the point of maximum tension at 84%DF, the
tengion values decay fairly abruptly by 0.7, to offset at a value of

0.73.
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The shape of the trough in the tension values obviously corresponds
to the inverted outline of the peak values of the subglottal pressure
trace. The vocal cord tension parameter is resolved by the model in
this way because after 677DF both the observed increase in Ao is
too big and the observed increase in Fo too small to maintain the
previous rate of change in vocal cord tension. To maintain the same
raté of rise in vocal cord tension that obtains at 67%ZDF, the Fo would
need to increase by about an extra 10 Hz, to 157 Hz at 80%DF, or the Ao
decrease, not increase, by about 2 dB. I think that this peculiar
resolution does actually reflect a real occurrence, and is not simply an
exclusive artefact of the model. What it certainly does not reflect is
a quick decrease and increase in vocal cord tension. Since there is
a near perfect correlation between rates of change of Ao and Fo near
peak Fo, p.382, the Ao characteristics of type six syllables near peak
may be the result of factors other than those connected with the direct
respiratory activity which the model is designed to reflect. 1If, as
appears to be the case, the increase in Ao 1s due to possible
anticipatory changes in the vibratory pattern of the cords before the
syllable final glottal stop, then we could not expect the model to
resolve it properly.

Fortunately, the correct interpretation of the tension profile does
not affect the interpretation of the production of type six syllables
as shown by Monsen's model. According to the model, the overall
increase in tension of 0.11 which occurs in type six syllables is
sufficient to bring about an increase of about 13 Hz under conditions of
constant Ps within the observed range from about 5 to 11 cms H5O0.

The observed rise in Fo in NYJ's type six CLq syllables is 32 Hz,
which means that the respective contributions of vocal cord tension and

subglottal pressure to the rise in Fo are 41 and 597%, and about equal.
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As 1n all the other syllable types, the shape of the Ps trace
resembles the Ao trace very closely.

The analysis above indicates that NYJ produces the characteristic
Ao and Fo shapes of his type six syllables by increases in both
subglottal pressure and vocal cord tension. The latter is implemented
somewhat later in the duration of the Final, so that increases in Fo
and Ao over the first part of the Final are produced mainly by Ps.
Vocal cord tension then plays an increasing role in raising the Fo
before the syllable final glottal stop, anticipation of which causes
a change in the vibratory pattern of the vocal cords which results in a
decrease in the rate of Fo rise in about the last 2 csec before peak,
without a proportional decrease in the rate of Ao rise.

The details of the Ao/Fo relationship described above indicate that
JMF and LPX produce their type six syllables in this way as well,
although they differ from NYJ in the the relative contribution of Ps
and vocal cord tensiom to the rise in the Fo towards peak. Also, as
shown above, p.382, the anticipation of the glottal stop has a different
effect on the rates of rise of Ao and Fo near Fo peak, although they

remain closely correlated for each speaker.
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The proportion of Fo to unit Ao in the period betweenVZO and 60%DF,
when both parameters are rising, is 1 : 6 (NYJ), and 1 : 11 (JMF,
LPX).1 These values are almost identical with those in type three
syllables between 10 and 50%4DF, viz. 1 : 6 (NYJ), and 1 : 10 (JMF,LPX),
p-253. As 1in the rising portion of type three syllables, JMF and LPX
have about twice the amount of Fo per unit Ao than NYJ, and this is also
probably due to differences in tension and size of the cords, p.262.

It is interesting to note that the same proportion of Fo to unit
Ao holds for NYJ's type four syllables between 30 and 90%DF as his types
three and six, viz 1dB : 6 Hz, p.304. This is not the case for JMF and
LPX, where their type four syllables have a considerably greater pro-
portion of Fo to unit Ao than their types three and six, viz 1 : 18 vs.
1 : 11/10 respectively, p. 304. The reason for this difference between
NYJ on the one hand, and JMF and LPX on the other is that subglottal
pressure plays a smaller role in increasing the Fo in their type four

syllables than it does in NYJ's, p.302.

1. The Ao values were read direct from the tables, and the Fo values
were obtained from figure 9.1, p.359 by interpolation. The exact data
are as follows:

For NYJ, between 20 and 60%ZDF, the Fo rises

(T 116 — 140 T = ) 24 Hz, and the Ao rises

(7 18.2 - 22,2 T =) 4.0 dB. 24/4 = 6 Hz/dB

For JMF between 2
(7 180 - 236 T =
(T 17.4 - 22,4 1

0 and 607DF, the Fo rises
) 56 Hz, and the Ao rises
=) 5.0 dB, 56/5 = 11.2 Hz/dB

For LPX between 2
(7T 165 - 220 ¥ =
(¥ 18.1 - 23.0 ¢

0 and 60%7DF, the Fo rises
) 55 Hz, and the Ao rises
=) 4.9 dB. 55/4.9 = 11.2 Hz/dB.
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The comparisons above highlighted similarities and differences
between the three speakers in the relationship between Ao and Fo when
compared with reference to normalised duration, that is, over stretches
defined not in absolute terms, but in terms of %DF. The introduction
of the factor of absolute duration into the comparison polnts to an
additional interesting similarity between all three speakers in the
Ao/Fo relationship. This is the generalisation that the three speakers
show much smaller differences between syllable types three, four, and
six in the rate of change of Fo with respect to time ( AFo/At) than for
the rate of change of Ao with respect to time ( AAo/At).

The data on the rate of change of Ao and Fo with respect to time
in syllable types three, four and six are given in table 9.14 below.

I have also included data on the comparable rates of Ao and Fo increase
in NYJ's syllable types three, four, and six with sonorant Initial
consonants (Csi) and JMF's syllable type four with sonorant Initials.
The former are from the results of the pilot study and are given in
Rose (1981); data on JMF's Csﬁ syllables are given in table 7.12,

p.294. Note that, in order to ensure the maximum degreé of homogeneity

TABLE 9.14 Linear rates of increase of Fo and Ao with respect to time
in syllable types three, four and six.

A Fo/Bt(Hz/csec) Ao/l t(dB/csec)
speaker NYJ JMF LPX NYJ IMF LPX
type | ‘
CL 2.5 8.7 5.0 0.3 0.4 0.3
4 v
LCSL 2-1 6-0 - 003 004 -
J et 2.3 10.3  10.1 0.6 1.2 1.5
3 A
'LCSL 1.9 - - 0.6 - -
r
'CLq A 10.3 9.9 1.0 1.0 1.5
6

iCS‘Lq 2-4 - - 006 = -
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in the data, the identical Fo range is used, within each speaker, for
all three syllable types. This was the maximum Fo range that
corresponded to rising Ao. In JMF's and LPX's syllables, the values
for the range only differed by 8 Hz: JMF's range was 61 Hz, from 236
to 175 Hz, and LPX's was 69 Hz, from 220 to 151 Hz. NYJ's maximum Fo
range was much smaller of course: 22 Hz, from 138 to 116 Hz. (For his
Csﬁ examples, the range was located 1 Hz lower, from 137 to

115 Hz.)!

1. The exact data are as follows: 1In JMF's type three Cﬁ syllables,
the 61 Hz rise in Fo from 175 to 236 Hz takes 5.9 csec, (from csec 2.7
to csec 8.6), and corresponds to a rise in Ao, from 3.6 to 10.6 dB, of
7.0 dB. In JMF's type four cL syllables, the 61 Hz rige in Fo from 175
to 236 Hz takes 7.0 csec, (from csec 16.5 to csec 23.5), and corresponds
to a rise in Ao, from 7.6 to 10.3 dB, of 2.7 dB. In JMF's type four
C_I syllables, a 61 Hz rise in Fo from 175 to 236 Hz takes 10.1 csec,
(from csec 15.1 to csec 25.2), and corresponds to a rise in Ao, from
15.8 to 20.0 dB, of 4.2 dB. 1In JMF's type six CLq syllables, a 61 Hz
rise in Fo from 175 to 236 Hz takes 5.9 csec, (from csec 2.1 to csec
8.0), and corresponds to an increase in Ao, from 3.3 to 9.1 dB, of

of 5.8 dB.

In LPX's type three ct. syllables, the 69 Hz rise in Fo from 151 to
220 Hz takes 6.8 csec, (from csec 0.8 to csec 7.6), and corresponds to
an increase in Ao, from 1.5 to 11.5 dB, of 10.0 dB. 1In LPX's type four
o syllables, a 69 Hz rise in Fo from 151 to 220 Hz takes 13.8 csec,
(from csec 15.0 to csec 28.8), and corresponds to a rise in Ao, from
2.1 to 6.1 dB, of 4 dB. 1In LPX's type six CLq syllables, a 69 Hz rise
in Fo takes 7.0 csec, (from csec 0.3 to csec 7.3), and corresponds to a
rise in Ao, from 0.1 to 10.8 dB, of 10.7 dB.

In NYJ's type three cf. syllables, the 22 Hz increase in Fo from
116 to 138 Hz takes 9.5 csec (from csec 1.5 to sec 11.0), and
corresponds to an increase in Ao, from 17.6 to 23.4 dB, of 5.8 dB. Im
NYJ's type three CSL syllables, the 22 Hz rise in Fo from 115 to 137
Hz takes 11.5 csec, (from csec 0.0 to csec 11.5), and corresponds to an
increase in Ao, from 16.5 to 23.9 dB, of 7.4 dB. 1In NYJ's type four cr
syllables, a 22 Hz rise in Fo from 116 to 138 Hz takes 8.8 csec (from
csec 23.7 to csec 32.5), and corresponds to an increase in Ao, from
18.1 dB to 20.7 dB, of 2.6 dB. In NYJ's type four Cg T syllables, the
22 Hz rise in Fo from 115 to 137 Hz takes 10.3 csec, (from csec 23.0 to
csec 33.3), and corresponds to an increase in Ao, from 18.4 to 21.6 dB,
of 3.2 dB. In NYJ's type six CLq syllables, a 22 Hz increase in Fo from
116 to 138 Hz takes 5.0 csec, (from csec 1.5 to csec 6.5), and
corresponds to an increase in Ao, from 17.6 to 22.5 dB, of 4.9 dB. 1In
NYJ's type six CiLq syllables, the 22 Hz rise in Fo from 115 to
137 Hz takes 9.3 csec, (from csec 0 to csec 9.3), and corresponds to an
increase in Ao, from 18.0 to 24.0 dB, of 6.0 dB.
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In NYJ's data, there is only a very small difference in the rate of
Fo increase between types three and six on the one hand, and type four
on the other. The Fo in his type four syllables has a mean increase of
2.3 Hz/csec (s=0.3), only slightly less than the mean value of
2.8 Hz/csec (s=l.1) for his types three and six. 1In contrast to this,
there is a considerable difference in the rate of increase of Ao between
his types three and six on the one hand, and type four on the other. 1In
types three and six, the Ao increases at a mean rate of 0.7 dB/csec
(s=0.2), which is over twice as great as the mean increase of
0.3 dB/csec in type four syllables.

In LPX's data, there is a considerable difference between types
three/six and type four in the rate of Fo increase: the Fo increases
twice as quickly in types three and six than in type four (10.0 Hz/csec
vs. 5.0 Hz/csec). However, the difference in the rates of Ao increase
is much bigger than this; Ao increases in LPX's types three and six at
the mean rate of 1.5 dB/csec (s=0.0), five times quicker than the value
of 0.3 dB/csec for his type four syllables.

If one compares, for the three speakers, the factors by which the
Ao rates are greater in types three and six than in type four, with the
factors by which the Fo rates are greater in those types, it turns out
that the differences in Ao rates are between about two and three times
(1.9 - 2.5) greater than the differences for the Fo rates. This is
therefore another aspect in which the speakers are very similar.

The most significant aspect of the discussion above is, however,
that it quantifies in terms of the oral output what has already been
suggested by the interpretation of the data with Monsen's model. This
is that Fo is being controlled in very different ways in different
syllable types. This can be most clearly demonstrated from some of
NYJ's data, although, as I have shown above, the same also applies to

JMF and LPX.
In NYJ's type three and type four CL syllables, the Fo rises
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through an identical range of 22 Hz, from 116 to 138 Hz, at very nearly
identical rates: 2.3 Hz/csec,Cﬂ; 2.5 Hz/csec,Cﬂ. However, the
corresponding rates of increase of Ao are twice as much in Cﬁ syllables
as in CL syllables: 0.6 dB/csec, Cﬁ; 0.3 dB/csec, Cil.

Since the rate of change of Fo with respect to time is nearly
constant for all the examples, the differences in rates of change of
Ao with respect to time between Cﬁ and CL syllables must reflect a
difference in the amount of subglottal pressure being used by NYJ in
these types.

These differences probably reflect the differential sensitivity
of phonation registers to changes in subglottal pressure (Lieberman
1977 : 89,90), and the incompatibility between the phonatory setting
for whispery voice and the use of vocal cord tension to increase Fo.

In type four syllables, the 22 Hz rise in fo over which rates of Fo
and Ao rise were compared occurs on the latter part of the syllable,
from about 60 to 90%DF, where phonation is normal. Analysis using
Monsen's model showed that over this particular part of the syllable,
vocal cord tension contributes about 75% to the increase of Fo, p.305.

In syllables of typé three and six however, the 22 Hz rise in Fo
occurs near the onset of the syllable, when the vocal cords are in the
position for whispery voice (or, for LPX and JMF in some cases, growl).
It is hypothesised that whispery voice involves complex compound vocal
cord tension settings of moderate medial compression and low adductive
tension (Laver 1980 :136), and it is reasonable to suppose that growl

also involves similar, complex compound settings, perhaps with strong,

1. NYJ's type six CLq syllables fit into this pattern too, for,
although their rate of Fo rise is much greater than in CL and CL
syllables, so is their rate of increase of Ao. This is in keeping with
the principle which has just been demonstrated, namely, that the ratio
of rate of Ao increase in types three or six to the rate of Ao increase
in type four will be about two to three times greater than the
corresponding ratio of rates of Fo increase in these syllable types.
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but unequal medial compression in both cords. Attempting to increase
the Fo by increasing the tension in the cords would interfere with these
settings. Hence the characteristic rise in Fo on syllable types three
and six can only be achieved by means of subglottal pressure increases.
The degree of subglottal pressure increase needs to be much greater
in syllable types three and six than in type four syllables because the
contribution of vocal cord tension is excluded Iin types three and six,
and because, presumably, the cords when set up for whisper or growl are

less sensitive to subglottal pressure changes than in modal voice.
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9.8 Type six syllables - duration

Figure 9.1, p.364, shows thaf there are only very small
differences between speakers in the duration of the Final and the
duration to Fo peak in type six syllables. The relevant data are

summarised in table 9.15 below. The DF and DP values for NYJ and

TABLE 9.15 Means and standard deviatioms (csec), and number of
items per sample for the duration of Final and duration to Fo peak in
type six syllables

DP DF
X s n X s
NYJ 9.2 1.4 13 10.9 1.6
LPX 8.7 1.1 13 11.8 1.5
JMF 10.3 1.4 12 13.1 1.4

LPX do not differ significantly, but JMF's DF value is about 2 csec
significantly longer than both LPX's (0.05 > p > 0.02) and NYJ's

(0.01 > p) DF values. The difference of 1.4 csec between JMF's and
LPX's DP values is also significant (0.0l > p), but NYJ's and JMF's DP
values do not differ significantly. The interesting point to note with
these duration measurements is the reversal of the pattern which
occurrs in all the other syllable types, where JMF has the shortest
duration of the three. For type six syllables, his duration values are

significantly longer.

9.9 Type six syllables — normalisation of duration

The DP values of the speakers' type six syllables expressed as a
percentage of the DP value of their type four syllables are 27.2 (NYJ),
26.1 (LPX), and 40.4% (JMF). The duration ratios for their DF values
are 33.2 (NYJ), 35.6 (LPX), and 51.2% (JMF). LPX's duration ratios do
not differ from NYJ's. The DF and DP values of their type six syllables

are a constant third (33.9%) and a quarter (26.6%) respectively of their
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type four syllables. JMF's duration ratios, however, are about 15%
significantly greater than LPX's or NYJ'sl, and the DP and DF values
of his type six syllables are about two fifths (40.4%) and one half

(51.2%) of the DP of his type four syllables.

The large difference in duration ratios for type six syllables
between JMF on the one hand and NYJ and LPX on the other 1s because
JMF's type four syllables, which provide his reference duration, are
about 6 csec significantly shorter than LPX's or NYJ's, p.308, while
his type six syllables are about 2 csec significantly longer. The
results of the normalisation of duration of the other syllable types
using the reference duration of type four syllables are for the most
part consistent. This shows that JMF's type six syllables do, in fact,
have a significantly longer relative duration than LPX's and NYJ's type
six syllables.

The duration of the short vowel in NYJ's type six syllables is the
same as the duration of the short vowel in his type three syllables with
the syllable final velar nasal, and shorter than the short vowel in
his type four 6{3 syllables. As with the duration data on CUq
syllables above, p.347, these conclusions are derived from the following
data on syllables with final velar nasals, which were obtained in the
pilot study, and reported in Rose (1981).

The mean value for the duration of the short vowel in NYJ's
thirteen type six syllables is 10.9 csec. This'only differs by a non

significant 0.1 csec from the mean value of 10.8 csec for the duration

1. The means and standard deviations, (%) and numbers of items per
gsample for the speakers' duration ratios in type six syllables are:

DP DF
X s n . X s
NYJ 27 .2 4.2 13 32.2 4.8
LPX 26.0 3.3 13 35.6 4.5
JMF 40.3 5.4 12 51.2 5.5
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of the short vowel in a sample of eleven of his CiB syllables, and is
the same as the value for the duration of the short vowel in a sample
of six of his Csig syllables (Rose 1981). The short vowels in these
Cﬁg and Csﬁg syllables take up 41 and 40%Z of DF respectively, and
these values compare very well with the value of 427 from the larger
sample reported for Ciﬂ syllables in this thesis, p.264.

As with syllable types one and five above, p.347, these
identities obtaln between the duration of the short vowels in —13
syllables and the duration of the Final - and not the duration to peak -
of short vowels in type six syllables. This is because the duration to
peak in NYJ's CLq syllables is 1.6 csec significantly shorter
(0.05 > p > 0.02) than the duration of the short vowel in his CﬁS and
Csﬁﬁ syllables.

The mean duration for the short vowel in a sample of eight of NYJ's
type four C{B syllables is 13.4 csec (s = 3.1), which 1s 2.5 csec
significantly longer (0.05 > p > 0.02) than the mean value for the
duration of the short vowel in his CLq syllables (Rose 1981). In the
Ciﬁ syllables, the short vowel takes up 37% of the DF or 39% of the DP.
These values compare well with the values of 38% of DF and 41% of DP
from the larger sample reported for Cis syllables in this thesis, p.309.
The duration relationships between NYJ's short vowels in syliable types
three, four, and six are thus exactly parallel to those between short
vowels in his syllable types one, two, and five, pp.346-348.

There is no similarity between speakers observable in the data in
the ratio of short vowel in type six syllables to long monophthong in
type three syllables. The short vowel in NYJ's .type six syllables is
36.8% of the duration of the long vowel in his type three syllables;
the corresponding ratio for LPX is 55.7%, and for JMF, 60.4%. The large
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differenée between LPX and NYJ is due to the relatively shorter value
of the former's type three syllables, p.263. The large difference
between JMF and NYJ is due to the relatively longer value of the
former's type six syllables, p.394. This situation, therefore, does
not parallel that of the vowel durations between syllable types one and
five, where a constant relationship does obtain, p.347.

As has just been demonstrated, p.393, there is a constant
relationship between short and long vowels in syllable types six and
four, for LPX and NYJ. For these speakers, the short vowel in type six
syllables is slightly less than one third (30.9%) of the duration of the
long vowel in type four syllables. (This value is the mean of the DF
ratios of 30.0 and 31.8 for NYJ and LPX.) The short vowel in JMF's type
six syllables, being relatively longer than NYJ's and LPX's short
vowels, has a duration of about two fifths (43.4%) that of the long

vowel in his type four syllables.
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9.10 Type six syllables - voice onset time

The VOT time data for Initial obstruents in NYJ's type six
syllables are given in tables 9.16 and 9.17, p.398. Table 9.16 gives
the means, standard deviations, and number of items per sample; table
9.17 ranks the Initials according to their VOT, from longest to
shortest.

Table 9.17 shows that the Initials fall into three groups. These
groups are as follows.

Group one comprises the lenis palatal and alveolar fricatives
[ z] and [z ] . Their mean values of 18.5 and 17.9 csec do not
differ significantly.

Group two comprises the lenis palatal and alveolar affricates
{ QQ ] and [ Qg ] « The difference of 2.8 csec between their mean
VOT values of 7.6 and 4.8 csec is highly significant (0.01 > p).

Because palatals and alveolars have in most cases been found not
to differ significantly, this difference seems exceptionally large.
The value of 7.6 is very similar to the mean value for palatals observed
so far in syllable types three and four, and therefore the value for
the alveolar is probably about 2 csec too low.

Group three comprises the lenis bilabial and alveolar plosives
[ B] and [ d ] . The difference of 0.4 csec between their mean VOT
values of 2.1 and 1.7 csec is not significant. There were no examples

of [ § ] in the corpus.

9.10.1 Voice onset time and fortis/lenis distinction

Table 9.18, p.398, shows the difference in VOT correlating with the
fortis/lenis distinction in syllable types five and six. The pattern is
very similar to that already observed between types one and three, and

types two and four. Excluding the anomalous value for [ QF ]}, the
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TABLE 9.16 Voice onset time (csec) for NYJ's type six syllables
Initial consonant X 8 n
[ b 2.1 0.8 9
d 1.7 0.5 5
dz 4.8 0.5 3
d 7.6 1.0 11
z 17.9 4.3 8
% | 18.5 2.5 5
TABLE 9.17 NYJ's obstruent Initials in type six syllables ranked
according to voice onset time, and their corresponding groups
VOT (csec) Initial group
18.5 [ % 1
17.9 z
7.6 dz 2
4.8 qF
2.1 b 3
1.7 d ]
TABLE 9.18 Voice onset time (csec) of NYJ's lenis Initials in type

six syllables compared with the voice onset time of his fortis
aspirated and unaspirated Initials in type five syllables

syllable type CUq CLq difference,
lenis - fortis
FORTIS LENIS unaspirated
agpirated unaspirated
[ p:: ] 8.4 [p] 1.1 [b] 2.1 1.0
[ t7 ] 8.1 [t] 0.9 [d1] 1.7 0.8
[ ts ] 1206 [ ts ] StO [ d,z ] 408 "'0.2
[ tel ] 12.1 [ te ] 6.3 [ dz ] 7.6 1.3
x=1.3
s = 0.3
[ s8] 23.9 [z117.9 6.0
[ ] 24.7 [ 1] 18.5 6.2
X = 6.1
s = 0.1
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lenis occlusives have a VOT about 1 csec longer than the fortis
unaspirated series, a difference that is significant at at least the
5% level in each case, but probably imperceivable.

The lenis fricatives | % ] and [ z ] in type six syllables have
a VOT (qua duration) about 6 csec shorter than the corresponding fortis
fricatives [ s ] and [ ¢ ] in type five syllables. This compares
well with the difference of 5.4 csec between fortis and lenis fricatives
in syllable types one and three, and is slightly shorter than the
difference of 7.7 csec between fortis and lenis fricatives in types two
and four. The difference of 6.2 csec between [ g ] and | z ] is
highly significant (0.02 > p > 0.01), but the difference of 6.0 csec
between the alveolar pair [ s ] and [ z ] is not shown as
significant.

Some of the VOT values of the Initials in CLq syllables are
slightly shorter than their counterparts in syllable types three and
four. For example, the VOT value for /g/ in type six syllables is
0.7 csec shorter than in type four syllables; the value for /45/ in type
six syllables is 0.9 csec shorter than in type four syllables. None of
these differences is shown to be significant, however, and a larger
sample would be needed to ascertain if there were any grounds for
believing Initials in type six syllables to have shorter VOT values than

in types three and four.

9.10.2 Voice onset time and place of articulation
There are no correlations in the data for type six syllables

between VOT and place of articulation.

9.10.3 Voice onset time and manner of articulation
As in all other syllable types, fricatives have the longest VOT,

and plosives the shortest, with affricates in between.
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9.11 Summary

Chapter nine showed that the three speakers' type six syllables
rather resemble type three syllables truncated in mid duration by a
glottal stop. Type six syllables thus combine features of type three
syllables over about the first 60% of DF with features of type four
syllables over about the last 40% of DF. Features shared with type
three syllables are: rates of Ao and Fo rise with respect to time,
p.388; proportion of Fo to unit Ao, p.387; Fo range, p.367; rate of
increase of subglottal pressure, pp.260,384. Features shared with type
four syllables are: different degrees of contribution of vocal cord
tension and Ps to Fo rise, p.386; abrupt decay of Ao and Fo with
syllable final glottal stop, p383.

Unlike the other syllable types, JMF's type six syllables were
found to have relatively longer duration values than LPX's or NYJ's.

The same set of durational relationships between short vowels in
CLq syllables and in Cﬁg/cig syllables was found as in CUq and Chs/cﬁg
syllables.

An important difference between Cﬁ and CLq syllables on the one
hand, and Ci syllables on the other was shown by a comparison of their
ratios of rates of change of Fo and Ao with respect to time. It was
demonstrated how similar - in some cases almost identical - Fo features
were being produced in a different way in type four syllables from types
three and six, and it was suggested why this might be so. It was also
shown how the proportion

A \
A Ao/ot, CLq,CL : 3~2. AAo/%t, CL

A pojot . Bro/At holds

across the three speakers.




~401-

9.12 Conclusion

In this thesis, I have given an auditory phonetic description of
the segmental and suprasegmental aspects of the Zhenhai syllable,
together with a detailed polydimensional description and analyis of the
acoustic characteristics of the six Zhenhai syllable types. I have also
described a uséful, principled procedure for the acoustic analysis of
tone.

The approach to the acoustic analysis represented an attempt to
break away from the conventional monodimensional attitude towards tonal
description characterised by exclusive focus on Fo as the only important
acoustic parameter in tomnal contrasts.

In this thesis, I have investigated the role of the three
parameters of fundamental frequency, oral amplitude, and duratiomn in
characterising syllable types in Zhenhai dialect. I have quantified
them, and sought to uncover by normalisation any underlying
regularities between speakers in these acoustic parameters, or the
possible mechanism(s) that produce them. In this semse I have gone
beyond a pure acoustic description of the data.

My initial reaction to the results obtained was one of surprise,
for I did not expect what are essentially very different physical events
to yield so many underlying regularities, (as for example the agreement
in various aspects between the rising portions of syllable types three
and six.) Probably the most important point to be noted from the
investigation is the extent to which speakers' normalised parameters
agree. In many cases, they agree in considerable detail: the speakers
are obviously not producing the acoustic characteristics of their
syllable types in quantal fashion, according with vague specifications
like [Hi], or [Short] - although the characteristics of each

syllable type are so different from each other that a degree of
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sloppyness might be expected. They seem, if anything, to be over
precise. Two examples spring immediately to mind here: the location

in the speakers' Fo range of the Fo onset and peak points in syllable
types three, four, and six (figures 6.3, 7.3, 9.3, pp.250, 288, 371).

It was articulations of this degree of precision which made the use of a
five point scale for description of pitch at the systematic phonetic
level impossible.

To a certain degree the results obtained in this thesis are
disheartening: a lot more has been shown to be going on in the
production of tones than can be accounted for, as has been attempted
up to now, in terms of Fo variation. For example, the generally good
agreement between Fo and Ao contours observed in the Zhenhai data seems
to be lacking in other availlable data on Fo and Ao in tone languages, at
least as far as tones with rising Fo are concerned (Sauvain 1977; Phuong
1981; Zee 1978; Lee 1971). Of the nine clear examples of tones with
rising Fo contours in North, Central, and Southern Vietnamese, for
example, there is only one - North Vietnamese tone six — which shows a
clear increase in Ao corresponding to an increase in Fo (Phuong 1981).
Even in this case, however, the increase is only about 2 dB, and the Ao
contour starts to decay well before peak Fo is reached. As has been
shown by the use of Monsen's model in this thesis, the good égreement
between Ao and Fo in Zﬁenhai tends to indicate controlled involvement of
Ps in tonal production. These facts prove that tone languages differ
considerably with respect to the way their Fo shapes are produced, and,
as has already been clearly demonstrated in this work, it is a dangerous
simplification to assume along with Catford (1977 : 110), and Ohala
(1978) that Fo is universally primarily controlled by vocal cord
tension: it certainly is not in Zhenhal type three syllables for

example. Perhaps the Wu dialects will turn out to show a greater
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involvement of Ps in tonal production - it 1s impossible to say at the
moment because the present work 1s, as far as I am aware, the only one
which gives any data on amplitude.

Not only are there clear differences between languages in the
control of Fo, however. The present data show that the mode of control
of Fo can differ systematically within a single language, as for example
in Zhenhai syllable types three and four. It is obvious from the above
discussion that a tremendous amount of polydimensional tonal analysis
now needs to be carried out before empirically sound hypotheses can be
proposed on synchronic tonal behaviour or diachronic tonal development.
(Perhaps I, at least, do not need to be so pessimistic, since I now have
a sound base for the further investigation of tone sandhi in Zhenhai.)

Apart from yielding a considerable amount of substantive data on
the Fo, Ao, and D characteristics of the Zhenhai syllable types, this
thesis has demonstrated well, I think, what can be achieved with the
polydimensional approach to tonal analysis. For example, had Ao
characteristics not been investigated, it would have been very difficult
to ascertain that the Fo rise on type three syllables was produced in
a different way from the the Fo rise on type four syllables. Findings
like these are very important, because they open up new possibilities
of explanation of tonal developments in Chinese, with one of which I

shall conclude this thesis.

One major problem in historical Chinese linguistics which continues
to perplex scholars is how to explain the differential development,
according to tone, of one kind of Ancient Chinese occlusive into the
reflexes found in at least two of the main modern dialect groups.

The occlusives in question are supposed to have been breathy
voiced. In Standard Chinese and Cantonese they have normally aspirated

reflexes when they derive from forms with the Ancient Chinese yangping
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tone, otherwise they develop into the other phonemic series in these
dialects of voiceless non aspirated reflexes.

Examples of this development are:
Ancient Chinese1 *dit 1 (yangping tone) : toplic —----- > MSC [ thi ]

————— > Can.[ theY ]

*dil (other tones) ¢ ground ----- > MSC [ ti ]
Can.[ tel ]

The latest theory to attempt an explanation of this development
is proposed by Pulleyblank (1979), who posits a syllable final contrast
of [ fi ] vs. & in the relevant Late Middle Chinese tones. The yangping
tone co—-occurs with zero, the other tones have final | f ]. The
developments are then described as follows (p.190):

For the yangping tome, '...voiced aspiration as a feature of the
initials was replaced by volceless aspiration...'. Otherwise,
'...voiced aspiration of the initial had been lost ﬁy dissimilation from
the final voiced aspiration of the tone...'. He represents these
changes as follqws:

yangping: pﬁ__ ph

others: pﬁ :_R P 7.ﬁ
(where p = any occlusive; ,, = breathy voice)

'ph ' could then develop into a sequence of normally aspirated
consonant plus vowel by loss of the breathiness .on the vowel; 'p :_ﬁ'
could than develop into a sequence of normally unaspirated consonant
plus vowel by loss of the breathy voice of the vowel, and the dropping
of the ' f '.

Because differential features 1n the pitch characteristics of the
relevant Ancient Chinese tones which could account for the emergence

of aspiration cannot be isolated - the yangping toune is assumed to

contrast with the others in terms of + level pitch - features in

1. Reconstructions from Zhang and Lin (1973)
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segments have been sought, the result of which is the phonetically

indiscriminate shuffling of symbols illustrated above.

The results of the acoustic analysis of the Zhenhail data in this
thesis have provided one possible differential tonal feature other than
Fo/pitch, namely the mode of increase of fundamental frequency: the Fo
has the same onset value, and rises through the same Fo range to the
same peak in type three syllables as in type four syllables, but in type
three syllables it is raised by a burst of subglottal pressure, whereas
in type four syllables it is raised mostly by vocal cord tension. Now
type three syllables in Zhenhai mostly reflect the Ancient Chinese
yangping tone, and type four syllables derive from other sources ~ the
forms cited above are | Qi 1 and [ di? <« ] in Zhenhai.
Moreover, the major group of dialects to which Zhenhai belongs — the Wu
group - is considered to be the most comservative in respect of tone and
Initial consonant. (It was noted above, pp.4,6, that one set of Ancient
Chinese Initials is reconstructed as breathy voiced on the basis of the
Wu evidence, and the Wu tonal values are considered as the strongest
corroborative evidence of the reconstructed Ancient Chinese tone values
Forrest (1948 : 242). 1t is possible, therefore, that tﬁe differential
development of the Ancient Chinese voiced occlusives reflects a syllable
type contrast in Ancient Chinese similar to that observed in the Zhenhai
data, with the heightened subglottal pressure causing development of
aspiration. Note that it 1is still far from clear how this process may
have come about - although it is a fact that the onset of type three
syllables in Zhenhai tends to be devoiced to whisper under stress far
more often than type four syllables, p. 63, and under these
circumstances, the effect is very similar to aspiration. On the basis
of the VOT data presented for type three syllables in this thesis, it is

possible to state categorically that there is no evidence that this sort
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of development is taking place in the modern Wu dialects, although it
may have done in the other dialect groups: the main point of this
example is to echo the quotation at the beginning of this thesis (xxvi),

which restates precisely its raison d'étre:

'..., but if really interesting and empirically well supported
theories are to be developed, there is an enormous need of data,
especially data concerning detailed and systematic observations of

actual speech performance...'

(Per Linell, Psychological reality in phonology, p.268)
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