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INTRODUCTION

Frequency transition detection is an important area for investigation in the
field of speech perception as formant frequency changes function as major cues
for the recognition of many speech sounds. There have beenmany previous
experiments in speech-related research using stimuli containing frequency
changes; but earlier studies suffered from the problem that the stimuli used
were not 'speech-like' in structure, and therefore did not sound like speech
(e.g. Brady et a1, 1961). In recent years however, this situation has been
remedied, but there have been few systematic studies of detection thresholds
for frequency changes in speech.

-The work reported here represents a preliminary study of formant frequency
transition detection thresholds for certain vowel phonemes, and forms part of a
wider-based project whose aim is to investigate the psychoscoustical
constraints on speech recognition.

METHODS ,

Generation of stimuli. The stimuli were generated, off-line, by an Apple lie
microcomputer using a software parallel-formant speech synthesizer. li'he
synthesis program is a software implementation of the Jew parallel-formant
speech synthesizer (Rye and Holmes, 1982). The stimulus parameters were
constructed from tables published in Holmes et a1 (1964) and Aineworth (1974).

all me stimuli used were isolated vowels (or isolated fomants) of 200 ms
duration. The vowels were /3/, /i/ and III; chosen to give a wide
representation of PI-Fz space with a minimal sample of stimuli (see Pig. 3).
The formant frequencies chosen for the above three vowels were as follows :-
/3/ - PIHSEB Hz, F231420 Hr, P3=2620 Hz] [1/ - P‘HZSO Hz, P2=2320 Hz, P3=2740
I'll] /B/ - P1=790 Hz, P2-1060 Hz, P3=2500 Hz. All the vowels hada fixed
PAHJSOD Hz, and a fixed PDHIOO Hz. The bandwidths were 80. 100 and 120 Hz for
I1, 92 and P3 respectively.

Transition durations of 10, 20, do and so me were chosen to be typical of the
range of frequency transitions in speech (Nabelek and Hirsh, 1969, 'i'sumura et
al, 1973). The formant transitions all occurred at the end of the stimulus in
order to minimise pitch cues from steady-stats segments. Except where
otherwise stated, all transitions were upward.

General psychophysical considerations suggested that a logarithmic scale in
which equal divisions represent equal ratios of rate-of-change of frequency
would be more appropriate than a linear scale. The interval ratio chosen was
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/2. Greater ratios tended to produce an 'all or nothing' situation in which
listeners would score 100‘ oorrsct on one stimulus level and little better than
chance on the next. mailer ratios required too much adjustment to the
abilities of individual subjects, although sometimes a smaller ratio was
included. A metal of six different levels of stimulus difficulty were used in
each experiment.

all the stimuli were generated using a Rosenberg glottal pulse shape in the
synthesis program. This was employed because it is a good approximation to a
human glottal pulse shape: it produces reasonably 'natural' sounding synthetic
speech. The stimuli were filtered with a passhand of 100-5000 Hz.

Procedure. A two-alternative forced choice procedure was employed for the
experfients. Subjects were seated in a sound-proofed booth and the stimuli
were presented binaurally via Sennheiser HIM” headphones from a

Digital-to-Analogue converter connected to the computer. Visual feedback of
errors was given. Bach stimulus pair contained a steady-state and a transition
stimulus, the task for the subject being to‘identlfy which of the two intervals
contained the transition. Each subject was allowed a few trial runs until
consistent performance was achieved, hit no attempt was made to overtrain.

'i'he stimuli were presented at an overall sound level of 85 dB SPL. This proved
to be an optimal and mfortable listening level, and ensured that all formant
amplitudes were above threshold although not necessarily equal. Since this
inequality occurs in natural speech this was judged to be acceptable.

Anal sis of data. Ferment frequency transition detection thresholds were
obtained at the 75‘ correct level. Bach subject responded to 100 stimulus
pairs at each of the 6 different levels presented in pseudorandom order. Raw
data were fed into a program designed to fit a logistic function to binary

'stimulus-response' data (Foster, 1936). T-teets were then performed on both
individual and pooled data. Comparisons are made between the detectability of
four-formant and isolated formant conditions, and between the first and second
tenants of a particular vowel. In cases where a subject had completed trials
on the same formant for two different vowels, a t-teat on the differences
between the two as performed.

REst MID DISCUSSION

As expected, all conditions show a decreasing threshold with transition
duration with greatest changes occurring between 10 and 20 ms (Pig. 1).

Pig. 1(a) shows transition detection thresholds of the I; of /3/ under isolated
and four-formant conditions. Predictably, the r2 transition was slightly but
significantly easier to detect when isolatedthan within the four-formant
context (p<0.05, 1-tailed). no differences for /i/ were moremarked than for

Pig. 1. Vermont frequency transition thresholds (h) plotted as
a function of transition duration for the conditions indicated.
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IJ/ (p<0.DDi, I-tailed; see Fig. lth, possibly mate a downward masking
effect of P3 upon P2 (see Fig. 3 Ill). at detection threshold P and P3 were
within one critical band (Scharf, 1970) for /i/ but much morewi sly separated
tor Ill.

The isolated formant in these experiments is not a sinewave or noise band. but
a formant with glottal pulse excitation at P0. It is not particularly
'speech-llke“, but serves as the most appropriate camparison for the possible
influence of other formante.

The transition thresholds for 1" detection were compared with those for P2 in
all the three vowels tested. Prom fig. 1(c-e) one can see that the dirrerences
are quite clear, requiring about twice as much change in P for detection. For
/3/. /i/ and /a/ the ditrerences were significant (p<0.00’l, I or z-tailed) that
the P2 transition was easier to detect than the PI.

Because of time constraints individual subjects tended to be.testerl on one
particular vowel. with different subjects direct comparison between vowels
becomes impossible. However, one subject (PC) performed all of the experiments
reported in order that some direct comparisons could be made.

In fig. lit) the detection thresholds of the Pz's of /3/ and /i/ are plotted.
For one subject it was found that the F transitions of /3/ were easier to
detect than those of the vowel /i/ (p<0.05, I-tailed). This we in line with
the results shown in fig. 1(a) and (b) where the P3 of /i/ appeared to
interfere with the detection thresholds of P2. The vowel /3/ has relatively
widely (and evenly) spaced for-manta in comparison to /i/.

rig. l(g) illustrates that the P2 transitions of /3/ are easier to detect than {
those of la/ (p<o.om, 1-tailad). For /a/ the P‘ and P are rather close to
each other, and one would possibly expect an ,upward Imaging effect on the P2.
Even if no prediction about direction had been possible in this particular
case, the result was still significant (p<0.D'I, 2-tailed).

One subject (PC) cmnpleted trials on both upward and downward transitions of
the P of /3/ (not illustrated). Gardner and Wilson (1979) found that at 1 him
the tgreahold frequency change' for 62.5 ms pure-tone upswaeps was lower (0.85“
than for downswseps (|.5|). Collins and mllen (1984), using a noise masking
technique. also found lower thresholds for upaweeps. In the present study (at
azuuzo Hz) downsweepe had a slightly lower threshold for the three shorter ‘
durations, and slightly higher at 80 ms. overall, however there was no
significant difference. Interestingly. the mean for the values (Al) and 80 me)
around 62.5 ms and up and downsweepe (has) agrees very closely with Gardner
and Wilson's mean (1.18”.

As the threshold values in fig. 1 all appeared to decrease consistently as
transition duration increased, the data were replotted as threshold (a) x

duration (me) as a function of transition duration. .these are shown in fig. 2.
On average (fig. 201)) this relationship appears to be independent of duration.

The implication oi‘ this is that sensory integration is taking place so that

threshold formant frequency incrementis inversely proportional to transition

duration. it should he noted that this is the inverse of rate-of-change

MOA. Vol 8 Pan 7(1988)

 



 

Proceedings of The Institute of Acoustics

PRIQUBNCY TRANSITION DETECTION

0

I
n
t
e
g
r
a
t
e
d

f
o
r
m
a
n
t

t
r
a
n
s
i
t
i
o
n

t
h
r
e
s
h
o
l
d

(
%
.
m
s
)

 

IO 20 4O 30 IO 20 4O 80

Transition duration (ms)

Pig. 2. Integrated torment transition thresholds (‘.l||8) plotted
ne a function of transition duration. These were obtainedby
multiplying the values in fly. I by the stimulus durations
concerned. The conditions (n-g) are the acne ae Eiq. tte-g) and

(h) represents the average for the tour-formant stimuli.
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detection more threshold would be proportional to transition duration.

The integrative relationship appears to hold over the range Io-BD me which
covers (almost ounpletely) the durations found in speech transitions. It

appears likely, however, that it must break down for very short durations where

the frequency excursion would become very large. and for longer durations than
80 um where the integrating time constant of the auditory system would be

exceeded. One practical implication of this is that related experiments may

need only beperformed at a single duration within the 10-80 ms range, and the

results can then be canpared with other experiments where a different duration
has been used.

In an attempt to obtain further generalisation of the results, the mean values
(threshold (\) x duration (1115)) from fig. 2 were plotted against frequency on a

critical band scale (Barks). The threshold values (\ it me) appeared as .
decrease systematically with critical band position of the formant concerned.
If, however, threshold frequency increment)1 duration (Hr x ms) was plotted
versus critical handposition, the opposite trend was noted. It was decided,

therefore, to express the threshold frequency increments in critical bands

(x duration). These are plotted in fig. 3 for the three vowel phonemes /a/,
/3/ and Ill, and in a combined figure (lower).

There is now no overall trend with frequency, and the four-formant values all
lie within a range of 2:1. The general implication of this is that when the

threshold frequency incrementis expressed in critical hands it is independent
of frequency position and formant number. fine the differences analysed above

would appear to be due chiefly to frequency position. The mean value of this
threshold across all four-formant stimuli is 8.9 critical band x me. If one
takes a 250 m integrating time for the auditory system this indicates a

possible asymptotic threshold of 0.036 critical bands, e.g. 5.1 Hz at 1 kHz.

This can be compared with the pure-tone frequency difference linen which ranges
from 1 to 3 Hz at 1 xx: according to different authors and procedures. A more ‘
direct cmparison, mentioned above, is with the results of Gardner and Wilson

(I979). The mean values for upsweeps (U) and downeweeps (D) were 3.3 and 5.9

Bark.“ respectively. These are shown by the btted line (fig. 3, lower). It

appears from this that changes within a speech-like sound are about twicevas
difficult to detect as within a pure tone peyohophysical context.

CONCLUSION

The results reported here indicate that frequency transition detection

threshold is inversely proportional to transition duration over ‘0-80 ms and

therefore lends no support for the existence of specific rate-of-chanqe

detectors.

Threshold is approximately mnstant over frequency when expressed in critical

bandwidths (Barks) at that frequency. and therefore lends no support for the

existence of specific formant detectors. In percentage frequency terms,

however. P2 does appear to have a lower threshold than 1’1.

HONDA. Vol I Part 7(1986)



Proceedings of The Institute of Acoustics

PREQJBNCY TRANSITION DETECTION

Frequency (Hz)
0 too 300 500 700 I000 1400 2000 3000 5000
I—r—r—I—v—l—I—I—I—I—l—I—H—r—r—r—I—I—r—

la/5
O

 

5

-
-
-
-
-
c

R
e
l
o
i
l
v
o

s
o
u
n
d

|s
ve

l
(‘

)
4
8

 

l0

0

'0 o FF FF
“1 IF IF

0l
n
l
e
g
r
o
l
e
d

t
o
r
m
e
n
t

h
e
n
s
i
l
i
o
n
H
u
e
s
h
o
l
d
(
B
o
v
k
m
s
l

0

F0 ¢----Fl---'<---F2---* F3 F4
I—H-hhl_|_|_L_L_A_|_I_I_A_H_I_I_A_I
0 2 4 6 B IO 12 I4 I6 IS 20

Critical bonds (Barks)

Pig. 3. The solid vertical bars represent the integrated

threshold values expressed in Barkdna, obtained by averaging

across duration of the relevant Emotions shown in fig. 2. The
three vowel sounds III, /a/ and li/ are represented separately in

the three upper diagrams and together, below. They are plotted as

a function or rrsqusncy (indicated above), spaced on a uniform

critical band scale (Barks) to indicate spacings where masking
might occur. The dots and right-hand scales indicate the relative

levels of the various tornants. The positions of P0, P3 and P4
are indicated by the upward arrowheads. The dashed bars in the

upper three diagrams indicate the highest upward shifts which

occurred at the 10 ms duration. The lower horizontal bars on some
lines represent the isolated fomnt (1?) conditions. The dotted

line on the lowest diagram represents the data of Gardner and

Wilson “919) normalised in the same way, for downward (D) and

upward (U) tone sweeps.
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Perhaps surprisingly, the detection of a transition within one formant of n

four-formant complex is only about twiceas difficult as the tasks of frequency

discrimination and the detection of a pure-tone frequency sweep. Clearly this
should be tested in a more direct casparison.
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