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Chapterr 11 

Summary y 

Thee work described in this thesis can be divided into three topics: 

1.. Signal properties of speech (Chapters 2 and 3) 

2.. The perception of sinusoidally amplitude modulated (SAM) signals (Chapters 

4,, 5, and 6) 

3.. Reduced sensitivity to SAM due to modulated maskers in relation to the 

maskingg release for speech (benefit due to fluctuations in the noise relative 

too a continuous background noise) (Chapters 7, 8, and 9) 

1.. Signal characteristics 

Chapterr 3 describes the development of a database of sounds, based on their spectral 

andd temporal behavior. Although the structure of the speech signal is fairly constant, 

inn terms of both spectral (LTASS) and temporal behavior (modulation spectrum) 

regardlesss of language or speaker (see Chapter 2), the modulation characteristics of 

speechh serves as a better identifier of whether noise or speech is presented (Chapter 

3).. In addition, the effect of the modulation strength of the masker was shown to be 

thee major factor contributing to the differences in speech intelligibilit y for normal 

hearingg subjects and hearing-impaired subjects. Whereas normal hearing subjects 

clearlyy benefitted from the temporal gaps, hearing-impaired subjects could not. 
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2.. SAM perception 

Thee left panel of Figure 11.1 describes the condition by which modulation 

discriminationn interference (MDI; see Chapter 5) can be determined. The target 

andd masker differ in carrier frequency. The task was to detect a difference in the 

modulationn depth of the target. In order to determine the effect of the modulated 

maskers,, MDI was defined as the difference in sensitivity to a change in SAM in the 

presencee of modulated (upper panel) and non-modulated maskers (lower panel). The 

sensitivityy to a change in SAM was severely reduced when modulated maskers were 

added,, but was not significantly different for normal hearing and hearing-impaired 

subjects.. Since differences in modulation depth were detected for relatively highly 

modulatedd stimuli (using reference depths of 0.18 and 0.30), the lack of differences 

betweenn normal hearing and hearing-impaired subjects may be partly attributed to 

aa reduced detection space for such highly modulated stimuli. Hence, the results 

raisedd questions on how SAM is perceived for highly modulated signals. 
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Figuree 11.1: Three conditions used to assess the sensitivity to SAM. The task was 
toto detect the modulation of a target (black) in the presence of a masker (gray), that 
waswas modulated (upper panel) or non-modulated (lower panel). 

Experimentss were carried out using noise carriers with modulation depths 

presentedd well above the threshold of modulation detection (Chapter 6). Subjects 

weree asked to adjust the modulation depth of a stimulus until they perceived it 

ass equally modulated as a reference stimulus. This reference signal differed either 

inn bandwidth, center frequency, or sensation level from the target. For normal 

hearingg subjects, the sensation level had littl e effect on modulation perception, but 

bandwidthh and center frequency, with the absolute bandwidth of the carrier as the 

commonn factor, indicated that the altered modulation perception can mainly be 

attributedd to the bandwidth of the stimuli. The modulation depth of a stimulus with 
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aa great amount of slow inherent fluctuations (narrowband or low center frequency) 

wass adjusted higher in modulation depth than a signal with a relatively small 

amountt of slow inherent fluctuations (broadband or high center frequency). The 

resultss from hearing-impaired subjects can, for a constant carrier frequency, also be 

describedd in terms of the differences in the amount of slow inherent fluctuations of 

thee signals for target and reference. However, there was an unexplained overall trend 

forr hearing-impaired subjects to adjust the modulation depth of the target higher 

thann modulation depth of the reference. Differences in the growth of loudness did 

nott correlate strongly with the differences in the modulation depth for target and 

reference.. This indicates that the differences in physical modulation depths for an 

equall  modulation perception cannot be explained in terms of lack of compression 

(thee magnifying factor for modulation between the conditions). 

3.. Sensitivity to SAM related to MRS 

Normall  hearing subjects often experience fewer difficulties when listening to talkers 

inn a fluctuating background noise (music, multiple talkers) than when talkers speak 

att the same S/N ratio in a continuous background noise (motor). Normal hearing 

subjectss can use the sudden increments in S/N ratio and the context to optimize 

performance.. Figure 11.2 presents a visual example. Although the letters cannot 

bee distinguished from the black bars (right panel), creating white spaces, which are 

sufficientlyy large, enables the text to be read. The left panel is an example of text 

inn a continuous background noise. Although the background is rather dark, the text 

iss still readable. 

Forr hearing-impaired subjects intelligibilit y is comparable when speech is 

presentedd at the same signal-to-noise ratio in a continuous or in a fluctuating 

noise.. In Chapter 4, it was discussed that most hearing-impaired subjects experience 

reducedd spectral resolution. To some extent, this may be compared to a reduced 

contrast*.. A transparent piece of paper is included in this thesis. If this piece of 

paperr is placed loosely over Figure 11.2. the left panel becomes difficult to read, 

whereass the right panel can still be read without any problems. Hence, a reduced 

**  Although using different colors is a more logical approach, the reduced contrast illustrates the 
reducedd spectral resolution by blurring out the image. Differences in black and white become less 
apparent,, similar to the spectral differences for hearing-impaired subjects. 
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spectrall  resolution may be even more detr imental to speech presented in a continuous 

thann in a fluctuating background noise. 

"Heelin gg and soling"said Jip to ÖE cobbler 
''Heelingg and soling"  repeated J armeke. 
"Well ,, well"  said the cobbler. "You'v e 
walkedd too far, Jip. They're worn oat again. 
Fromnoww on, you wiHhavs to walk on your 
hands.. Then your  shoes won't wear  out" . 
"Bang,bang"saidd the liammer. 'Tick , tick, 
tikkety,tikkety,  tick "  The cobbler  had a lot to do. 
'Ther ee must be thousands of shoes here"  saw 
Janneke.. "Lot s more"  said Jip. "Ther e are 
hundreds." " 
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Figuree 11.2: Visual analogue for speech intelligibility presented in a continuous (left 
panel)panel) and fluctuating (right panel) noise. 

TheThe text was adapted from Jip en Janneke (Schmidt. 1954): with permision from the 
publisher publisher 

Thee tendency of hearing impaired subjects to adjust the modulat ion depth of the 

targett to be larger than the modulation depth of a given reference (Chapter 6) may 

affectt speech intelligibilit y in a fluctuating noise. This was the main motivation for 

thee study described in Chapter 8. Modulat ion detection thresholds were measured 

forr a pure tone carrier preceded by a pure-tone adaptor that was either non-

modulatedd or fully modulated (see middle panel Figure 11.1). Recovery times (ISIs), 

rangingg from 10 to 625 ms, were used to determine differences in the sensitivity to 

SAMM due to a modulated signal that preceded the target for normal hearing and 

hearing-impairedd subjects. Clear differences in sensitivity to SAM were found for 

hearing-impairedd listeners when a modulated, instead of a non-modulated signal 

precededd the target. This adaptation to a modulated adaptor indicates that hearing-

impairedd subjects experience modulation detection interference for non-simultaneous 

signals. . 

Chapterr 8 reported large differences between the sensitivity to SAM when 

aa target followed an adaptor for normal hearing and hearing-impaired subjects, 

whil ee Chapter 5 reported barely any differences for simultaneously presented signals 

usingg spectral differences to separate target and masker. Therefore, a final study 



199 9 

wass conducted (Chapter 9, see right panel Figure 11.1), which used different 

carrierr frequencies for target and masker. The target and masker were presented 

att discrete time intervals ranging from -625 ms (simultaneous) to 125 ms (non-

simultaneous).. Large differences in the reduced sensitivity to SAM were found 

forr normal hearing and hearing-impaired subjects for simultaneous presentation 

off  target and masker. For both, normal hearing and hearing-impaired subjects, 

thee reduction in sensitivity to SAM was an inverse function of ISI, with most 

maskingg for simultaneous presentation tending to zero for larger ISIs. This indicated 

thatt normal hearing and hearing-impaired subjects showed similar results as in 

Chapterr 5, due to the large differences in modulation sensation for high modulation 

depthss (modulation discrimination for reference depths 0.18 and 0.30), whereas the 

differencess in modulation sensation are relatively small for lower modulation depths 

(modulationn detection). 

Basedd on the importance of the temporal characteristics to speech (Chapter 

33 and 7), the reduced sensitivity to SAM may have its impact on intelligibility . 

Inn Chapter 8 and 9, parameters reflecting SAM perception were compared to the 

improvementt in intelligibilit y when speech was presented in a fluctuating rather than 

aa continuous background noise. The larger the adaptation effect, the smaller the 

benefitt of fluctuations in the noise. It appears that masking release for speech, most 

likelyy resulting from 'glimpsing', is reduced by the modulations in the fluctuating 

maskerr preceding the target. This can also be illustrated by Figure 11.2. If the part 

off  the piece of transparent paper with dark bars is held over the text, the text is 

muchh harder to read. The dark bars represent the reduced sensitivity to SAM, with 

thee shading symbolizing the reduced sensitivity. 
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