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Abstract 
This study will be a remake in part of Tyler & Lindblom “Preliminary study of simultaneous-
masking and pulsation-threshold patterns of vowels” (1982), with the use of today’s 
technology. A steady-state vowel as masker and pure tones as signals will be presented using 
simultaneous-masking (SM) and pulsation-threshold (PT) procedures in an adjustment 
method to collect the vowel masking pattern. Vowel intensity is changed in three steps of 15 
dB. For SM, each 15 dB change is expected to result in about a 10-13-dB change in signal 
thresholds. For PT, the change in signal thresholds with vowel intensity is expected to be 
about 3-4 dB. These results would correspond with the results from the Tyler & Lindblom 
study. Depending on technology outcome, further experiments can be made, involving 
representations of dynamic stimuli like CV-transitions and diphthongs. 

1 Introduction 
This study is an attempt to partially replicate Tyler & Lindblom “Preliminary study of 
simultaneous-masking and pulsation-threshold patterns of vowels” (1982). Their intention 
was to investigate the effect of the two different masking types as well as the role of 
suppression in the coding of speech spectra. 

Suppression, or lateral inhibition, refers to the reduction in the reaction to one stimulus by 
the introduction of a second (Oxenham & Plack, 1998). The ability of one tone to suppress the 
activity of another tone of adjacent frequency has been thoroughly documented in auditory 
physiology (Delgutte, 1990; Moore, 1978). In speech, suppression can be used to investigate 
formant frequencies. 

In the original article, the authors (Tyler & Lindblom, 1982) constructed an experiment 
masking steady-state synthetic pure tones by simultaneous and pulsation-threshold patterns of 
vowels. Their vowels were synthesized on an OVE 1b speech synthesizer (Fant, 1960) with 
formant frequencies, bandwidths and intensities as approximate values for Swedish. In this 
study only one of the vowels from the original experiment is synthesized, using Madde, a 
singing synthesizer (<www.speech.kth.se/smptool/>) instead of OVE 1b. 

In this experiment, the original vowel masking patterns will be used on the Swedish vowel 
/y/, a vowel that, according to Tyler & Lindblom (1982), is particularly useful in testing the 
role of suppression in speech as it has three closely spaced high frequency formants (F2, F3 
and F4). F2 and F4 have about the same frequency as in the vowels /i/ and /e/, and a distinct 
perception of these three vowels must depend on good frequency resolution of F3 (Carlson et 
al., 1970; Bladon & Fant, 1978; Tyler & Lindblom, 1982). 
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Tyler, Curtis & Preece (1978) have shown that vowel masking patterns from a forward 
masking (FM) procedure preserves the formants better than patterns obtained using 
simultaneous masking (SM). 

2 Method 
2.1 Subject 
All collected data will be from an experienced listener who will receive about 30 minutes of 
practice with the test procedure. 

2.2 Procedure 
The subject’s hearing level will be controlled and set in connection with the experiment in the 
phonetics laboratory at the Department of Linguistics, SU, by Philips SBC HP890 
headphones. The tone will be presented at different intensities to get a baseline point.  

The tests are constructed in a graphic programming language, LabView (<www.ni.com/ 
labview/>). 

The Swedish vowel /y/ is synthesized in Madde, an additive, real-time, singing synthesizer 
(<www.speech.kth.se/smptool/>). The vowel formant frequencies and bandwidths used in this 
study (Table 1) are the same as used in Tyler & Lindblom (1982), and defined in Carlson, 
Fant & Granström (1975) and in Carlson, Granström & Fant (1970). 

Table 1. Formant frequencies (F1, F2, F3 and F4), bandwidths and Q-values in Hertz for the 
vowel /y/. 

/y/ Frequency Bandwidth Q 
F1   255 Hz 62.75 Hz   4.06 
F2 1930 Hz 146.5 Hz 13.17 
F3 2420 Hz 171.0 Hz 14.15 
F4 3300 Hz 215.0 Hz 13.35 

The procedures of the two simultaneous-masking (SM) and pulsation-threshold (PT) tests are 
the same as in the Tyler & Lindblom (1982) study, although in this case with only one vowel 
instead of three. 

In the SM procedure, the vowels will be presented 875 ms (between 50% points), repeated 
with a 125-ms silent interval. Three pulses of the pure tone will appear within each masking. 
These pulses start 125 ms after the vowel onset, continue for 125 ms and are separated by 125 
ms. Rise/fall times (between 10% and 90% points) are 7 ms for both signal and masker. 

In the PT procedure the masking vowel and the pulsating signal alternate, with duration of 
125 ms each. In order to assist the subject in the task, every fourth signal (125 ms) is omitted. 
Rise/fall times are 7 ms and the signal and the vowel are separated by 0 ms. 

F0 levels vary between 80 Hz, 120 Hz and 240 Hz. The vowel intensity changes 
parametrically over a range of 45 dB in three steps of 15 dB. Intensity levels alternate between 
55.5, 70.5 and 85.5 dB SPL, representing low-voiced, medium and strong speech. The 
presentation order of the vowel’s fundamental frequency and intensity will be randomized. 

The testing with PT-values and SM will alternate every 10th minute. Each condition will be 
presented until five estimates are registered. The stimuli will be presented monaurally, to the 
right ear. The subject will be instructed to adjust the level of the signal to a just noticeable 
pulsation threshold level; all answers are automatically registered in the LabView programme. 

All data will be analyzed in SPSS 14.0 and MS Excel 2002. 
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3 Results 
The technical solution of the test in LabView is currently under construction. The results of 
the tests are expected to correspond with the results from the Tyler & Lindblom (1982) study. 
Some variation may occur due to individual variations between subjects. 

4 Discussion 
The expectations of this study are to get data that concurs with the results from the Tyler & 
Lindblom (1982) study. 

The results from the Tyler & Lindblom (1982) study show that the masking pattern received 
with the PT method delineates the vowel’s formant frequencies better than the pattern 
received with the SM pattern. Suppression only occurs when two sounds are presented 
simultaneously, as in the SM procedure, which seems to result in the signal needing a higher 
intensity to be detected.  

The difference between the SM and PT measurements were very small at low signal 
frequencies and quite large at high signal frequencies (Tyler & Lindblom, 1982). One of the 
explanations offered were that the high-intensity F1 suppressed the activity caused by the 
higher formants, resulting in lower PT in the high-frequency regions. 

Tyler & Lindblom (1982) also propose that the suggested suppression effects for steady-
state vowels also could occur for all speech sounds, although in natural speech, the duration 
for which the vowel achieves its target is typically very short. 

Depending on the outcome of the technology used in the PT and SM procedures, the 
program used in the test can be extended to further investigations of the effects of the two 
masking procedures on representations of dynamic stimuli, like CV-transitions and 
diphthongs. 
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