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Chapterr 5 

MD II  for normal hearing and 

hearing-impairedd subjects * 

Abstract t 

Thiss study evaluates whether modulation discrimination interference (MDI ) differs 

forr normal hearing and hearing-impaired subjects. The sensitivity to a change in 

thee modulation depth of a 1.4 kHz sinusoid was measured, for six normal hearing 

andd five hearing-impaired subjects, relative to reference depths of 0 (modulation 

detection),, 0.18 or 0.30 (modulation discrimination) modulated by a sinusoid of 4, 

88 or 16 Hz. The experiment was carried out while the target was flanked by either 

noo maskers, non-modulated maskers, or modulated maskers. Maskers were situated 

att 500 Hz and 4 kHz and when modulated, modulated at the same modulation 

ratee as the target. Modulated maskers reduced the sensitivity to a change in 

modulat ionn depth. No clear differences were found between normal hearing and 

hearing-impairedd subjects for the sensitivity to changes in modulation depth when 

thee target was presented in the presence of modulated maskers. The sensitivity to 

aa change in modulation depth was also reduced for normal hearing subjects by the 

presencee of added non-modulated maskers. The reduced sensitivity to SAM due to 

thee unmodulated maskers was not found for hearing-impaired subjects. 

"Thiss Chapter is part of a paper, which has been submitted to Ear &: Hearing. 
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722 Chapter 5. MDI for normal hearing and hearing-impaired subjects 

5.11 Motivation 

Thee importance of the temporal structure of a signal has been discussed extensively 

inn previous chapters. As described in Chapter 4. two aspects are important in the 

descriptionn of temporal processing in the presence of a modulated masker. Firstly, 

thee sensitivity to a pure tone can increase when additional information can be derived 

fromm the envelope of the masker outside the auditory filter tuned to the target. An 

examplee is co-modulation masking release, referred to as CMR (Hall et al.. 1984). 

Secondly,, fluctuating maskers may decrease the sensitivity to SAM when modulated 

byy a similar modulat ion rate. An example is modulation detection or discrimination 

interference,, both referred to as MDI (Yost and Sheft. 1989). 

Inn this study. MDI wil l be examined for normal hearing and hearing-impaired 

subjects.. The l i terature only reports that modulat ion detection interference for 

hearing-impairedd subjects is about the same as for normal hearing subjects (Bacon 

andd Opie. 2002: Grose and Hall. 1994). A more complex task, such as modulation 

discrimination,, could segregate the two groups and il lustrate the problems hearing-

impairedd subjects experience in a fluctuating background noise. 

5.22 Methods 

5.2.11 Subjects 

Sixx normal hearing and five hearing-impaired subjects part icipated in this study. The 

normall  hearing subjects had thresholds smaller than 15 dB HL at octave frequencies 

fromm 0.125 to 8 kHz (re. ANSI, 199G). Stimuli were presented monaurally to a 

randomlyy assigned ear. Figure 5.1 gives the pure-tone thresholds for each of the 

individuall  hearing-impaired subjects. In general, the differences between a subject's 

twoo ears were small. Subjects with an asymmetrical hearing loss were tested using 

theirr better ear. The subject numbers were allocated according to the average 

hearingg loss at the frequencies 1, 2, and 4 kHz. Lower numbers correspond to a 

smallerr average hearing loss. 
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Figuree 5.1: Pure tone audiograms 
forfor the better ear of the five 
hearing-impairedhearing-impaired subjects. 

0.1255 0 25 0.5 1 2 4 8 
Frequencyy (kHz) 

5.2.22 Methods 

Stimul i i 

Thee sensitivity to SAM was measured in three conditions. Firstly, the sensitivity to 

SAMM for a target without maskers (probe alone; referred to as PA) was determined. 

Secondlyy the sensitivity to SAM for a target simultaneously presented with two 

non-modulatedd maskers (UNM) was examined. Thirdly the sensitivity to SAM for 

aa target simultaneously presented with two modulated maskers (MOD) was tested. 

Thee task was to detect an increment in the modulation depth of the target. The 

targett was a 1.4 kHz sinusoidal carrier, amplitude modulated by a 4, 8, or 16 Hz tone. 

Thee modulation depth of the reference signal was 0 (modulation detection), 0.18, or 

0.300 (modulation discrimination). The maskers were presented at 0.5 kHz and 4 kHz. 

Inn the case of modulated maskers, the maskers were modulated using the modulation 

ratee of the target. The modulation depths of the maskers were, if modulated, similar 

too that of the target, but were roved by 2 dB (in modulation depth) to avoid possible 

effectss of perceptual grouping based on a common modulation depth. The phases of 

thee envelopes of target and masker were unrelated, starting at a random phase. The 

stimulii  were 1000 ms in duration, including cosine squared rise/fall times of 15 ms. 

Thee inter-stimulus intervals were equal to 200 ms. All carriers were presented at the 

mostt comfortable level (MCL) according to the relationship between MCL and 

J ? - - . . . 
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hearingg threshold as described by Lyregaard (1988) (see Table 5.1 for the individual 

MCL-levels). . 

Levell  of carrier (dB SPL) 

subjectt 0.5 kHz 1.4 kHz 4 kHz 

XH H 

HI-1 1 

HI-2 2 

HI-3 3 

HI-4 4 

HI-5 5 

57 7 

05 5 

62 2 

75 5 

59 9 

85 5 

53 3 

71 1 

74 4 

79 9 

79 9 

101 1 

46 6 

72 2 

64 4 

67 7 

87 7 

87 7 

Tablee 5.1: The presentation level (in dB SPL) for each subject for each carrier 
frequency. frequency. 

P r o c e d u re e 

Subjectss wore seated in a sound-attenuating booth. The sensitivity to SAM was 

determinedd using a 3I-3AFC set-up. with a 1-up 3-down rule, converging to the 

79.11 'X point of correct responses on the psychometric curve (Levitt. 1971). Correct-

answerr feedback was given after each trial by a light on the computer screen. Initially , 

thee step size for a change in the modulat ion depth (Am) was 3 dB in units of 

20/o</io(Ain).. After two reversals, the step size was reduced to 1 dB. The threshold 

wass determined by taking the average of the last 8. of 12. reversals. Classical MDI 

(MDI(MDI unmunm)) was determined using : 

MDIMDI uu,,ltlt„„  = 2 0 1 o g1 0( A m , w ) - 201og10(A-/n tMim ). (5.1) 

Ann alternative method to determine the effect of modulated maskers is given by : 

MDIMDI popo = 2 0 1 o g1 0( A / / w ) - 201ogl ü(Am ; , „ ) . (5.2) 

Heree the subscripts pa. unm and mod denote the sensitivity to a change in SAM 

withoutt maskers, in the presence of unmodulated maskers, and in the presence of 

modulatedd maskers, respectively. 

Afterr 2 hours of training, data-collection started. Measurements were carried 

outt in test and in ret est. When test and retest deviated bv more than 3 dB 
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aa third test was conducted. The two closest estimates were used for further 

statisticall  analysis. The modulation depth was restricted to 1 (0 dB) to prevent 

over-modulation. . 

Apparatu s s 

Stimulii  were generated digitally at a sampling rate of 25 kHz using a Tucker-Davis 

Technologyy (TDT-II ) system. The stimuli passed a 16-bit DA-converter (DA3-2) 

andd an anti-aliasing filter (FT6; cut-off frequency 8 kHz). Presentation levels were 

controlledd by a programmable attenuator (PA4) and summed by a summer (SM3). 

Thesee signals passed a headphone buffer (HB6) before presenting it to headphones 

(Telephoniess TDH 39-P). 

5.2.33 Statistical analysis 

Examiningg the accuracy of measurement 

Thee accuracy of measurements, like those described in this Chapter, can be examined 

usingg Cronbach's alpha (Cronbach, 1951). 

Q = r ^ T [ l - £ ^ 1
2

( J ' ' ]]  (5-3) 
KK — 1 Ox 

wheree k indicates how often tests are carried out, a].i denotes the variance of the score 

onn test i and a2
r the variance of the sum of the scores on all tests. If the performance 

off  an individual is to be determined using a single condition. Cronbach's alpha should 

usuallyy be at least 0.85 (Frisbie, 1988). However, if groups of individuals are to be 

compared,, a lower level is acceptable. Values of Cronbach's alpha of 0.7 and above 

weree regarded as good. Cronbach's alpha was calculated using SPSS10.0. 

Correctionn for  attenuation 

Thee maximum proportion of variance in a variable, y, which can be explained by 

anotherr variable, x, depends on the accuracy with which x and y can be measured. 



766 Chapter 5. MDI for normal hearing and hearing-impaired subjects 

Thee proportion of variance, rf.. that can be explained by a model, if measurements 

weree obtained without measurement errors can be calculated using the correction 

forr attenuation given in Eq. 5.4. 

22 r2 

'cc = (5-4) 

wheree r is the observed correlation between the values of x and y and ax and ay 

aree the values of Cronbach's o for the measurements of x and y. respectively. 

Linearr  Mixed Effects model 

Inn order to examine the effects of a parameter on. for instance, the sensitivity to 

aa change in SAM. a linear mixed effects model with the sensitivity to a change in 

SAMM as the explanatory variable and the parameters as the dependent variables 

wass fitted, using S-PLUS. A random intercept and slope were included for each 

subjectt (Pinheiro and Bates, 2000). Hierarchical models can be compared using the 

likelihoodd ratio test, which is comparable to the F-test used in linear regression. 

Thee level of significance was determined using a linear mixed effects model, unless 

statedd otherwise. 

5.33 Results 

Theree was no significant learning effect (paired f-tcst: jo-value = 0.38) after two 

hourss of training. The accuracy of the measurements was quite high according to 

Cronbachss alpha (a = 0.97). 

Thee main effects and interaction terms were studied using linear mixed effects 

models.. Since subjects differed significantly (Linear Mixed Effects model (LME). 

p-p-value<0.0001)value<0.0001) individual data averaged over modulation rate are presented for 

normall  hearing subjects in Figure 5.3 and for hearing-impaired subjects in Figure 

5.3.. Error bars represent the standard deviation over test sequence and modulation 

rate.. Both panels show that, for normal hearing and hearing-impaired subjects, the 

sensitivityy to a change in SAM is highest when measured without flanking tones 

(openn circles), decreases when pure tone flankers are added (asterisks) and reduces 

seriouslyy by the addition of modulated maskers (filled triangles). Modulation of the 
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Figuree 5.2: Sensitivity to a change in SAM for normal hearing subjects as a function 
ofof the reference depth. Circles give the results for experiments without maskers (PA), 
asterisksasterisks for the experiments with non-modulated maskers (UNM) and triangles for 
thethe experiments with modulated maskers (MOD). 

maskerss results in a reduction of the sensitivity to a change in SAM of approximately 

77 to 10 dB (ranging from 3 dB to 15 dB). 

5.3.11 Normal hearing subjects 

Thee sensitivity to a change in SAM for normal hearing subjects (Figure 5.3) was 

barelyy affected by modulation rate, since neither main effect (LME, p-value = 0.9) 

norr interaction effects with reference depth and masker type (LME, p-value > 0.1) 

weree significant. Therefore, data were averaged across the three modulation rates. 
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Theree was a significant main effect of reference depth (LME. p-value < 0.0001). The 

sensit ivityy to a change in SAM was not altered by increasing the reference depth 

fromm 0 to 0.18 (paired /-test: p-value = 0.39). However, increasing the modulation 

dep thh from 0.18 to 0.30 resulted in a reduced sensitivity to SAM (paired /-test: p-

valuee < 0.0001). The main effect of masker type was also significant (LME. p-value 

<< 0.0001). Adding non-modulated maskers significantly reduces the sensitivity to 

aa change in SAM for reference depth 0 and 0.18 (paired /-tests, p-value < 0.001). 

whereass adding unmodulated maskers does not affect the sensitivity to a change in 

SAMM for reference depth 0.30 (paired /-tests, /v-value = 0.46). Adding modulated 

maskerss rather than non-modulated maskers significantly reduces the sensitivity to 

aa change in SAM at reference depths 0.18 and 0.30 (paired /-tests, p-value < 0.001). 

Hence,, the interaction effect of reference depth and masker type was also significant 

(LME .. / rvalue - 0.0023). 

5.3.22 Hearing-impaired subjects 

Thee results for hearing-impaired subjects are given in Figure 5.3. There are no 

significantt main or interaction effects of the modulation rate. Therefore, the data 

weree averaged over the three modulation rates. The sensitivity to a change in 

SAMM decreases significantly as reference depth increases (LME, p-value < 0.0001). 

Maskerr type was also a significant main effect (LME. / rvalue < 0.0001). Adding 

non-modulatedd maskers to the target did not. significantly reduce the sensitivity 

too a change in SAM. However, modulating these maskers significantly reduced the 

sensitivityy to a change in SAM (paired /-tests. /;-value < 0.001). This reflects the 

significantt interaction effect of reference depth and the masker type (LME. /;-value 

<< 0.015). 

5.3.33 Comparison between normal hearing and hearing-

impairedd subjects 

Inn a separate analysis the data from the normal hearing and hearing-impaired 

subjectss were pooled with hearing-impairment as an addit ional factor. Hearing-

impairmentt was not a significant main effect. However, the interaction between 

impairmentt and masker type was significant (LME. p-value = 0.001). due to the 
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Figuree 5.3: Similar to Figure , but, now for hearing-impaired subjects. 

reducedd sensitivity to a change in SAM as a consequence of non-modulated maskers. 

Thiss was found to be significant for normal hearing subjects (paired i-tcsts, p-value 

<< 0.001) but not for hearing-impaired subjects (paired £-tests, p-value = 0.27). 

5.44 Discussion 

Inn this study, the average sensitivity to SAM for normal hearing subjects equals -20 

dB.. compared to -23 dB reported in literature at similar exposure levels (Kohlrausch 

ett al., 2000). However, this sensitivity is known to differ among subjects. In 

addition,, the sensitivity to SAM, using sinusoidal carriers, increases with sensation 
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levell  (Kohlrausch et al.. 2000). 

Increasingg the reference depth reduces the sensitivity to SAM. In this study, 

thee Weber fraction for normal hearing subjects is similar for reference depth 0.18 

andd 0.30. However, compared to von Fleischer (1980). the Weber fraction from this 

studyy is larger (0.85 vs. 1.59). Except for the exposure level, no clear differences in 

experimentall  procedure could account for these differences. In addition, the reduced 

sensitivityy to SAM as a consequence of increasing reference depth was similar to 

thatt reported by Wakefield and Viemeister (1990) for wideband noises and by Yost 

andd Sheft (1994) for pun1 tone carriers. 

Thee absence of a main effect relating to hearing capacity has also been reported 

inn previous studies. Hearing-impaired subjects with relatively flat hearing losses 

aree more sensitive than, or as sensitive as. normal hearing subjects (Bacon and 

Gleitman.. 1992). Using a broadband carrier indicated that a reduced sensitivity to 

SAMM can partly be attributed to audibility, since reducing the audibility by filtering 

forr normal hearing subjects results in performance which is more in line with the 

performancee of hearing-impaired subjects (Bacon and Viemeister. 1985). 

Inn line with the results reported in this manuscript, the sensitivity to SAM is 

reducedd by adding maskers for modulation detection (Yost and Sheft. 1989) and 

modulationn discrimination (Moore et al.. 1991: Moore and Shailer. 1992). The 

sensitivityy to a change in SAM reported in this manuscript is somewhat lower than 

inn previous studies. Using modulated maskers reduced the sensitivity to SAM up to 

155 dB (on average 8 dB), which is similar to the 8 dB reported by Wakefield and 

Viemeisterr (1990): Moore et al. (1991); Moore and Shailer (1992). Most studies differ 

inn the number of maskers added or in the reference depth of the target or masker. 

Yostt and Sheft (1994) showed that the amount of MDI decreases as reference depth 

increases.. This is mainly due to a larger loss of sensitivity to a change in SAM 

whenn the target is presented in the presence of non-modulated maskers. Results 

fromm this study reported similar findings. Bacon and Moore (1993) measured MDI 

usingg one masker, modulated with a modulation depth of 0.5. This resulted in 

aa smaller interference {6 dB). The amount of interference for normal hearing and 

hearing-impairedd subjects was similar (Grose and Hall, 1994). These data are in line 

withh the data reported in this manuscript. Yost and Sheft (1989) reported a higher 

interference:: 10 dB for masker carrier frequencies higher in frequency and 7 dB for 
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maskerss lower in frequency. However these data examined modulation detection and 

weree obtained with a single masker, which leads to lower MDI-values. Similar results 

havee been reported for the largest frequency separation (Mendoza et al.. 1995b). 

Forr normal hearing subjects, adding non-modulated maskers reduces the 

sensitivityy to a change in SAM with regard to the condition without maskers. These 

effectss have also been reported in other studies (Yost and Sheft, 1989; Bacon and 

Moore.. 1993) and are, at least partly, attributed to the energy from the maskers 

fallingg in the auditory filter of the target. The sensitivity of hearing-impaired 

subjectss to a change in SAM is not reduced when non-modulated maskers are added. 

Thiss is surprising, since a larger interference is to be expected, based on the broader 

auditoryy filters for hearing-impaired listeners and the presentation at well audible 

levels.. This implies that either the reduction in sensitivity to SAM caused by adding 

pure-tonee maskers does not result from energy falling in the target filter, or a within 

channell  effect is absent for hearing-impaired subjects. 

Thee reduced sensitivity to a change in SAM resulting from additional non-

modulatedd carriers is larger for reference depth 0 than for 0.18 and is absent for 

0.30.. Given that the level of the target and maskers remained constant,̂ these data 

providee additional evidence that pure tone maskers interfere with the modulation 

discriminationn process at a more central level than the peripheral processing. This 

cannott be attributed to the energy added by the non-modulated flankers. Based 

onn the modulation filter bank model (Dau et al.. 1997b), this interference may be 

incorporatedd at two levels. Firstly, the internal noise, limiting temporal resolution, 

mayy depend on the total RMS-level of the signal. Secondly, at the level of the 

modulationn filter bank, the energy of the DC-component (0 Hz) partly falls in the 

modulationn filter tuned to the modulation rate of the stimulus. Although the main 

effectt is not significant, a weak effect of more interference is found for the non-

modulatedd masker for a 4 Hz modulated target than for a 8 Hz target (paired t-test; 

p-valuee = 0.014; 1.2 dB). However, the interference due to non-modulated maskers 

iss not significantly different between the modulation rates 8 and 16 Hz (paired t-

test;; p-value = 0.36). Alternatively, these effects may be explained in terms of 

tt Modulated signals were not scaled to equal RMS or using the correction formula suggested 
byy Houtgast (1989). However, it is unlikely that this would have influenced the results to a large 
extent.. A more extensive overview on the impact of intensity scaling is given by Mendoza et al. 
(1995b).. In addition, it was shown, using a matching paradigm, that modulated signals are not 
perceivedd as louder than non-modulated signals (Moore et al.. 1999). 
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thee multiple looks model. Since the overall durat ion is constant, lower modulation 

ratess result in fewer cycles during which a change in SAM could be detected and 

therebyy reducing performance. However, in this case, either a main effect of the 

modulat ionn frequency would be expected. A higher sensitivity to SAM for 8 Hz 

thann for 4 Hz. but a similar sensitivity to SAM for 8 and 16 Hz would have been 

expected.. Moreover, the critical duration for modulat ion discrimination without 

flankersflankers corresponds to 4-5 cycles (Lee and Bacon. 1997). Hence, the stimulus 

wass just long enough to ht this critical duration, for a modulation rate of 4 Hz. 

Forr 8 and 16 Hz. the durat ion of the signal clearly extends the critical duration. 

I nn addit ion, the critical durat ion was assessed for measurements in the PA task 

measuringg modulat ion discrimination without simultaneously presented maskers. 

Forr more complex tasks, such as competing backgrounds given by modulated or 

unmodula tedd maskers, the critical duration may increase. 

Thee reduction in sensitivity to a change in SAM due to modulated maskers 

insteadd of non-modulated maskers is referred to as A/D/j-.y.u. The reduction in 

sensitivityy to a change in SAM for modulated maskers relative to the situation 

wi thoutt maskers is referred to as MDIp \. The top panel in Figure 5.4 shows a 

scat terr plot between MDIis^i with reference depths of 0.18 and 0.30. The bot tom 

panell  in Figure 5.4 shows a similar scatter plot for MDIp\ using reference depths 

0.188 and 0.30. The MDI- values for both figures have been averaged across the three 

modulat ionn rates. The diagonal line indicates the points for which the amount of 

MD II  would be equal for reference depths 0.18 and 0.30. Most data-points are on the 

r ight-handd side of this line, indicating that MDI at m=0.30 is usually smaller than 

att m=0.18. For both reference depths, the amount of MDIi \\i is not significant ly 

differentt between normal hearing and hearing-impaired subjects (f-test: p-value = 

0.11).. However, MDI PA is significantly smaller for hearing-impaired than for normal 

hear ingg subjects, independent of the reference depth used (t-test: /;-value < 0.01 

[m[mr(r( f = 0.18]. p-value = 0.02 [mr(f — 0.30]). The two groups are clearly segregated. 

Inn order to identify the modulated target, its modulat ion depth needs to be 

fairlyy large. To avoid overmodulatiou, the maximum modulat ion depth of an 

ampl i tudee modulated signal is 1. The detection-space of SAM is considered linear 

onn a logarithmic scale (dB-transformation) and subjects could always identify the 

correctt interval of the fully modulated signal. However, perceptually this may not 
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Figuree 5.4: Scatter plots of the interference obtained using two different reference 
depthsdepths for two different methods of determining the interference caused by modulated 
maskers.maskers. Each symbol (squares normal hearing; triangles hearing-impaired subjects) 
givesgives the amount of interference found at a reference depth of 0.18 (abscissa) versus 
thethe interference found for a reference depth of 0.30 (ordinate). The top panel gives 
thethe classical MDI-measure (MDIUNM)- The bottom panel presents an alternative 
measuremeasure with regard to the condition without maskers (MDIPA). Error bars show 
thethe standard deviations over modulation rates for test and retest. The sloping line 
showsshows the points at which the interference at reference depth 0.18 would be equal to 
0.30. 0.30. 

necessarilyy be true. Imagine a detection space that is build up in steps of just 

noticeablee differences and that this detection space is not linear over the whole range 

off  modulation perception (i.e. in equal dB steps), but, for instance compressive. 
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Thee steps in this detection space reduce and discrimination of SAM would occur 

forr smaller differences (in dB) that can probably not be segregated when using 

tooo large step-sizes in the up-down procedure. Thresholds would be similar across 

subjectss and MDI would be primarily based on the sensitivity of the subject to 

SAMM with non-modulated maskers. Evidence support ing this kind of non-linearity in 

modulat ionn perception has been reported in l i terature (von Fleischer, 1980: Ozimek 

andd Sek. 1988; Wakefield and Viemeister. 1990). Ozimek and Sek (1988) measured 

thee sensitivity to a change in SAM for pure tone carriers as a function of increasing 

referencee depth. The sensitivity to a change in SAM decreases with increasing 

referencee depth, according to the Weber law. However, for reference depths above 

7.r//c.. the sensitivity to a change in SAM increased, indicating a non-linearity. If 

thee reference modulat ion depth increases from 0.18 to 0.30. the change in sensitivity 

alsoo increases for the discrimination task without flankers and with non-modulated 

maskers.. The sensitivity to a change in SAM using modulated maskers remains 

unalteredd (difference in thresholds is not significantly different from 0; i-test p-value 

== 0.9). This indicates that the differences could have been restricted by the limited 

detect ionn space. The largest modulation depth required equals -2.7 dB (m=0.73; HI 

1)) for a reference depth of 0.18: the average equals -4.6 dB (m=0.59). For reference 

depthh 0.30 these values are -1.6 dB (m=0.83: HI 1)J and -3.0 dB (m=0.71). Well 

abovee the range for which the Weber fraction was found to be constant as a function 

off  increasing reference depth. Those depths are relatively high and some subjects 

requiree a fully modulated signal in order to detect the differences in modulation 

depth.. So. lack of differences in MDI-values may be induced by the high thresholds 

andd does not necessarily mean that the thresholds would not differ if somehow 

thresholdss were not l imited to m = 1. 

++ An average of-1.6 dB may seem impossible to the reader since signals were not overmodulated 
andd step sizes of 1 dB were taken. However, the step sizes were taken from the differences in 
modulationn depth, which w?as added to the reference depth. For example, a modulation depth of 
-1.66 dB equals 0.83, the difference in modulation depth from the reference equals 0,53 or -5.5 dB. 
Addingg 2 dB (step size — 1 dB) results in -3.5 dB or 0.67. which together with the reference depth 
(0.3)) results in 0.97, which is just smaller than the maximum modulation depth. 
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5.55 Conclusions 

Thee sensitivity to a change in the modulation depth of a SAM-pure tone has been 

determinedd with regard to reference depths of 0 (modulation detection), 0.18 and 

0.300 (modulation discrimination). The experiments are carried out for a target 

withoutt maskers (PA), in the presence of non-modulated maskers (UNM), and in the 

presencee of modulated maskers (MOD). The results can be summarized as follows: 

1.. the amount of modulation discrimination interference (MDI) , is comparable 

forr normal hearing and hearing-impaired subjects. Differences in MDI can be 

attributedd to differences in the UNM-task. 

2.. the UNM task shows a reduced sensitivity to SAM for normal hearing 

subjectss at reference depths 0 and 0.18, but not for 0.30, relative to the PA 

task.. Thresholds for hearing-impaired subjects remain unaltered when non-

modulatedd maskers are added. 

3.. the amount of MDI is mainly determined by the sensitivity to UNM. 




