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INTRODUCTION

Frequency transition detection 1s an important area for investigation In the
fleld of speaech perception as formant fregquency changea functlon aa major cues
for the recognitlon of many speech sounds. There have been many previous
experiments in speech-related research using stimuli contalning frequency
changes) but earlier studies suffered From the problem that the stimuli used
were not "spesch-like® in structure, and therefore did not sound like speech
(e.g. Brady et al, 1961). In recent years however, this situatlon has been
remedied, but there have been few systematic studies of detection thresholds
for frequency changes in speach.

The work reported here represents a preliminary study of formant freguency
tranaltion detection thresholds for certain vowel phonemes, and forms part of a
wider-baged project whose aim 1s to investigate the paychoacoustical
constraints on speech recognition,

METHODS .

Generation of stimull, The stimull were ganerated, off-line, by an Apple IIe
microcomputer using a software parallel-formant speech synthesizer. The
synthesis program is a software implementation of the JSRU parallel-formant
speech synthesizer (Rye and Holmes, 1982). The stimulus parameters were
constructed from tables published in Holmes et al (1964} and Ainsworth {1974),

All the stimuli used were lsclated vowels (or isclated formants) of 200 ms

duration. The vowels wera /3/, /i/ and /a/, chosen to give a wlde |
ropresentation of F,-F, space with a minimal sample of stimuli (see Pig. 1),

The formant frequencies chogen for the above three vowels were as follows :-

/3/ - P.=500 H=z, F2=1420 HE, F3=2620 Hzy /LS - F1=250 Hz, P2=2320 Hz, F3=2740

HE; /a/ - F,=790 Hz, Fy=1060 Hz, F3=2500 Hz. RAll the vowela had a fixed

P4=3500 Hz, and a fixed Fy=100 #z. The bandwidths were 80, 100 and 120 Hz for

F,;+ F, and ¥, respectively.

Tranaition durations of 10, 20, 40 and 80 ms ware chosen to be typical of the
range of frequency transitions in speaech (Nfbelek and Hirsh, 196%9; Tsumura et
al, 1973)., The formant transitions all occurred at the end of the stimulus in
order to minimisa pitch cues from steady-state segments, Except where
otherwise stated, all transitions were upward.

General paychophysical considerations suggested that & logarithmic acale in

which equal divisions represent equal ratics of rate-of-change of frequency
would be more appropriate than a linear scale, The interval ratio chosen was
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lletenars would score 100% corract on one stimulus level and llttle better than
chance on the next. Smaller ratios required too much adjustment to the
abilities of individual subjects, although sometimes a smallar ratlo was
included. A total of alx different levals of stimulus difficulty were used in
sach experiment.

/2. Greater ratios tended to produce an “all or nothlng®™ sltuation in which |
|
|

All the stimuli were generated using a Rosenberg glottal pulse shape in the
synthesls program. This was employed becauss it is a good approximation to a
human glottal pulss shape: it produces reasonably "natural®™ scunding synthetic
speech, The atimull were flltered with a passband of 100-5000 Hz.

Procedure. A two-alternative forced cholce procedure was employed for the .
experiments. Subjects were seated in a scund-proofed booth and the atimuli !
were presented binaurally via Sennhelser HD414 headphones from a
Digital-to-Analogue converter connected to the computer. Visual feedback of
errors was given. Each stimulus pair contalned a steady-stata 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 achleved, hit no attempt was made to overtraln.

The gtimull were presented at an overall aound level of 85 4B SPL., This proved
to be an optimal and comfortable listening level, and ensured that all formant
amplitudes were above threshold although not necessarily equal, Since this
lnequality occurs ln natural speaech this was judgad to be acceptable.

Analysls of data. PFormant frequency tranaition detaection thresholds were
cbtalned at the 75% correct level. Each subject responded to 100 etimulus
palrs at each of the & differaent levels presented In pseudorandom order. Raw
data were fed into a program designed to fit a logistic function to binary
“stimulus-response™ data (Poater, 1986)., T-tests wera then performed on both
individual and pooled data, Comparisons were mada betwean the detactabllity of
four-formant and isolated formant conditions, and batween the firgt and second
formants of a partlcular voewel. 1In cases where a subject had completed trials
on the same formant for two different vowels, a t-test on tha dlfferences
between the two was performed.

RESULTS AND DISCUSSION

Aa expacted, all conditions show a decreaaing threshoB with transition
duration with greatest changes occurring between 10 and 20 ms (Flg. t1}.

Pig. 1(a) shows transition detaction thresholds of the P, of /3/ under isolated
and four-formant conditions. Predictably, the rz transition was slightly but
slgnificantly easier to detect when isolatad than within the four-formant
context (p<0.05, 1-talled), The differences for /i/ were more marked than for

Fig. 1. Formant frequency transition thresholds (%) plotted as
a function of traneition duration for the conditions indlicated,
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73/ {p<0.001, 1-talled; see Flg, 1(b)), possibly due to & downward magking
effect of P, upon F, (see Fig. 3 /i/). At detectlion threshold F, and Py were
within one critical bang (Scharf, 1970) for /i/ but much more widely meparated
for /3/.

The isolated formant in these experiments is not a sinewave or nolse band, but
a formant with glottal pulse excitation at Fo. It is not particularly .
“speech-1ike™, but serves as the most appropriate comparison for the possible
influence of other formants.

The transition thresholds for Fy detection were compared with those for Fp in
all the three vowels tested. Frem fig., 1{¢c-e) one can pee that the differencesa
are quite clear, requiring about twice as much change in F, for detection. For
73/, /i/ mnd /a/ the differences were significant (p<0.001, 1 or 2-tailed) that
the F, trangition was easier to detect than the Py.

Because of time constraints individual subjects tended to be. tested 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 mada,

In fig. 1(f) the detection thresholds of the Fy's of /3/ and /i/ are plotted.
For ona subject it was found that the Fz trangitiona of /3/ were easier to
detect than those of tho vowel /i/ (p<0.05, 1-tailed). This was In line with
the results shown in fig. 1(a) and (b) where the F; of /1/ eppeared to
Lnterfere with the detection thresholds of F,. The vowel /3/ has relatively
widely {(and evenly) spaced formants in comparison to /i/.

Fig. 1(g) 1llustrates that the P, transitiona of /3/ are easier to detect than
those of /a/ (p<0.001, 1-tailed). For /a/ the F1 and F., are rather close to
each other, and one would possibly expsct an upward masﬁing effect on the P,,
Even if no prediction about directlion had been posaible in this particular
cage, the result was still significant {p<0.01, 2-tailed).

One subject {PC) completed trials on both upward and downward transltions of
the P, of /3/ (not illustrated), Gardner and Wilson (1979) found that at 1 kHz
the tﬁrenhold frequency change for 62.5 ms pure-tone upsweeps was lower (0.85%)
than for downsweeps (1.58)., Colline and Cullen (1984), using a noise masking
technique, also found lawer thresholds for upsweeps. In the present study (at
F,=1420 Hz) downsweeps had a slightly lower threshold for the three ghorter
durations, and slightly higher at 80 ms, Overall, however there was no
significant difference. Interestingly, the mean for the wvalues (40 and 80 mg)
around 62.5 ms and up and downaweeps (1.42%) agrees very closely with Gardner
and Wilson's mean (1.18%),

As the threshold values in fig. 1! all appeared to decrease conslatently as
trangltion duration increased, the data were replotted as threshold (%) x
duration {ma) as a function of trangition duration, Thesne are ghown in fig. 2.
On average (fig, 2{h))} this relationship appears to be independent of duration.
The implication of this ls that sensory integration is taking place so that
threshold formant frequency increment ie inversely proportional to transition
duration, It ghould be noted that this is the inverse of rate-of-change
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Fig. 2. Integrated formant transition threshclds (%.ms) plotted
as a function of transition duration. These wara cobtained by
multiplying the values in fig., 1 by the stimulus durations
concernad. The conditions (a-g) are the same as fig. 1(a-g) and
(h) represente the average for the four-formant stimuli.
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detection where threshold would be proportional to transition duration.

The Integrative relaticnshlp appears to hold over the range 10-80 ma which
covers {(almost completely)} tha durations found in apeech transitions. It
appears llkely, howsver, that it must break down for very short duratlons where
the frequency excursion would become very large, and for longer durations than
80 ma where the integrating time constant of the auditory system would be
exceaded. One practical implication of this is that relatad expariments may
need only be parformed at a single duration within the 10-80 ms range, and the
resultas can then be compared with other experiments where a different duration
has been used.

In an attempt to obtain further generallsation of the results, the mean values
(threshold (%) x duration (ms)) from fig. 2 weara plotted against frequency on a
eritical band peale (Barks), The threshold wvalues (% x ms) appeared to
decreasoe systematically with critical band position of the formant concerned.
If, however, threshold frequency lncrement x duration (Hz x ms} was plotted
versus critical band poaition, the opposite trend was noted, It was declded,
therefore, to express the threshold frequency increments ln critical bands

(x duration)., These are plotted in fig. 3 for the three vowel phonemes /a/,
/3 and /1/, snd in a combined figure (lower}.

Thera 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 increment le expressed In critical banda it is independent
of frequency position and formant numbar. Thus the differences analysed above
would appear to be due chiefly to frequency position. The mean value of this
threshold across all four-formant stimull le 8.9 critical band x ms, If one
takes a 250 ms integrating time for the auditory syotem this indicates a
posaible aaymptotic threshold of 0.036 critical bands, e.g. 5.7 Hz at 1 kHz,
This can be compared with the pure-tone frequency difference limen which ranges
from 1 to 3 Hz at 1 kHe according to diffarent authors and procedures. A more |
direct comparison, mentioned above, is with the results of Gardner and Wilson
(1979). The mean values for upsweeps (U} and downoweeps (D) were 3.3 and 5.9
Bark.ms respaectively, These are shown by the dotted line (fig. 3, lower). It
appears from this that changes within a apeech-like sound ars about twice as
aifficult to detect as within a pure tone psychophysical context,

CORCLUSION

The rasults reportad here indicate that frequency transition detection
threshold is inversely proportional to transition duration over 10-80 ma and
therefore lends no support for the existence of specific rate-of-change
datectors.

Threshold is approximately constant over frequency when expressed in critical
bandwidths (Barks) at that frequency, and therefore landa no support for the
existence of specific formant detectors. In parcentage frequency terms,
however, P, does appear to have a lower threshold than Fy,
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Fig., 3. The solid vertical bars represent the integrated
threshold values expressed in Bark.mn, obtained by averaging
across duration of the relevant functions shown in fig. 2, The
three vowel gounds /3/, /a/ and /i/ are represented separately in
the three upper dlagrams and together, below. They are plotted as
a function of frequency (indicated above), spaced on a uniform
critical band scale (Barks) to indicate spacings where masking
might occur. The dota and right-hand scales indicate the relative
levels of the various formants. The positions of Fos Fy and Py
are indicated by the upward arrowheads. The daghed bars in the
upper three diagrams indicate the highest upward shifta which
occurred at the 10 ms duration, The lower horizontal bars on some
lines represent the isolated formant (IF) conditions. The dotted
line on the lowest diagram repreasents the data of Gardner and
Wilson (1979) normalised in the same way, for downward (D) and
upward (U) tone sweeps.
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Parhaps surprisingly, the detection of a transition within one formant of a
four~-formant complex 1s only about twice as difficult as the tasks of frequency
diserimination and the detectlion of a pure-tone frequency sweep. Clearly this
should be tested in a more direct comparison,
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