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Supplemental Material S1. The choice of specific maskers and speech targets 

was based on a pilot experiment that assessed adult masked sensitivity to several 

different targets in two-talker maskers and speech-spectrum noise. This paper gives 

a detailed description of this pilot experiment. 
 

 

Method 

 
Subjects 

Four adult subjects (18–24 years old) participated in the pilot experiment. All subjects 

passed a hearing screening (25 dB at 250, 500, 1000, and 4000 Hz) on one of the first test dates 

and tympanometry screening on each test day. Additionally, all subjects were native English 

speakers and had never participated in a psychophysical experiment. Subjects were recruited 

through flyers and the Communication Studies Participant Pool of the University of Washington. 

Subjects completed testing within 8–9 hours over 4–5 test days and were paid for their 

participation. Two additional subjects were excluded because they were unable to complete all 

conditions due to scheduling conflicts. However, the detection thresholds that were obtained 

from these two subjects did not differ from those of the 4 subjects included in Experiment 1.  

 

Stimuli 

All stimuli were designed to be similar to those found in the existing infant literature. The 

stimuli were recorded by three female monolingual English speakers: Two recorded the stimuli 

for the two-talker masker, and one recorded the speech targets. The stimuli were recorded in a 

sound-attenuated booth, using a high-quality condenser microphone (AKG C1000S) that was 

placed 6–8 inches from the talker’s mouth. All stimuli were digitized at a resolution of 32 bits 

and a sampling rate of 44.1 kHz. 

Two different two-talker maskers were generated. They differed in the material read as 

well as in the intonation style used. The infant-directed (ID) two-talker masker consisted of two 

different passages from the toddler book Bear Snores On (Wilson & Chapman, 2002), read as if 

reading to an infant. The adult-directed (AD) two-talker masker consisted of two different 

passages from the children’s book Cloudy With a Chance of Meatballs (Barrett, 1978), read as if 

reading to an adult. A different book was used for the two maskers to ensure a more natural 

production of the ID and AD intonation styles. Before combining the two speech streams for 

each masker, the passages were manually edited to remove silences longer than 300ms, to be cut 

to the same length, and to be balanced for their root-mean-square (RMS) amplitudes. The 

resulting ID masker was 1.44 minutes long and the AD masker was 1.21 minutes long. The 

spectral envelope was extracted from the two-talker maskers via linear predictive coding and 

imposed on a Gaussian noise to create corresponding speech-spectrum noises (SSNs). The ID 

and the AD maskers had very similar spectra. 

Five different targets were used: the vowels /ʌ/, /iː/, /uː/, and the two-syllable words 

“baby” and “ice cream.” They were recorded in infant-directed and in adult-directed intonation. 

The RMS amplitudes of all targets were balanced. The duration varied between targets:  

ID targets: /ʌ/ = 379 ms, /iː/ = 419 ms, /uː/ = 360 ms, “baby” = 648 ms, “ice cream” = 764 ms;  

AD targets: /ʌ/ = 358 ms, /iː/ = 352 ms, /uː/ = 386 ms, “baby” = 482 ms, “ice cream” = 734 ms. 
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The level of the masker was 60 dB SPL. Stimuli were presented via an ER2 insert 

earphone to the subject’s right ear, calibrated using a Zwislocki coupler and flat weighting. The 

two-talker masker and targets were calibrated to the level of matched SSNs. Subjects were tested 

in a sound-attenuated booth. 

 

Procedure 

Detection thresholds were estimated for each target, in both intonation styles, in all 

maskers. Each of the four maskers was combined with each target in both target intonation 

styles, resulting in 40 experimental conditions. In each run, thresholds were obtained for one 

condition. The order of condition presentation was pseudorandomized with the following 

constraints: SSN and two-talker maskers were presented in alternating order, the starting masker 

was counterbalanced between subject, and identical targets were not presented in successive 

runs.  

Detection thresholds were estimated with a three-interval, forced-choice (3 IFC) 

procedure using an adaptive 1-up–2-down rule (Levitt, 1971). The masker was presented 

continuously. The starting level of each target was set to 16 dB above the expected threshold, 

based on pilot data. Step size was adjusted based on Parameter Estimation by Sequential Testing 

(PEST) rules (Hall, 1981; Taylor & Creelman, 1967), with an initial step size of 8 dB and a 

minimum step size of 1 dB. Each run included 13 reversals, and the average level of the target 

over the last nine reversals was used to estimate detection threshold. The experiment was 

controlled by a computer using custom software.  

 

 

Results 

 
In the following analysis, detection thresholds were collapsed across the two SSNs, 

because preliminary analysis did not indicate threshold differences between the SSNs. The 

analysis considered whether differences in threshold between the SSN and the two-talker 

maskers would be observed for all individual targets. To answer this question, difference in 

thresholds between the SSN and the two-talker maskers was calculated for each subject by 

subtracting the threshold for each target in the two-talker maskers from that in SSN. A negative 

value indicates that listeners experienced more masking with the two-talker masker than the 

SSN. A positive value indicates that listeners experienced less masking with the two-talker 

masker than the SSN.  

As evident from Figure S1 (p. 4), mean threshold differences were generally positive. 

The exception is AD “baby” in the AD masker, where the threshold difference approaches zero. 

Another notable observation is that the mean threshold difference for ID /ʌ/ in the AD masker is 

higher than for the other targets.  

To statistically evaluate these observations, a Target × Two-Talker Masker Intonation 

(AD vs. ID) × Target Intonation repeated-measures analysis of variance (ANOVA) of the 

threshold difference was conducted. The model included the three main effects, all possible two-

way interactions, and the three-way interaction. Because sphericity was not assumed, the 

Greenhouse–Geisser correction was applied. The main effect of target and masker intonation 

were significant (target: F(4, 57) = 28.04, p < .0001, 2 = 0.66; masker intonation: F(1, 57) = 

5.16, p = .0269, 2 = 0.08; the main effect of target intonation was not significant, F(1, 57) = 

1.17, p = .2833). None of the two-way interactions were significant (Target × Two-Talker 
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Masker, F(4, 57) = 2.01, p = .1581; Target × Target Intonation, F(4, 57) = 1.27, p = .2962; 

Target Intonation × Two-Talker Masker Intonation, F(1, 57) = 0.89, p = .3483). However, the 

three-way interaction was significant (F(4, 57) = 4.9, p = .0266, 2 = 0.26). 

Follow-up ANOVA showed that the interaction between target and two-talker masker 

intonation was significant for both target intonation styles (AD targets: F(3, 27) = 3.38, p = 

.0229, 2 = 0.27; ID targets: F(3, 27) = 3.27, p = .0262, 2 = 0.27). Subsequent analyses showed 

that the effect of target was significant for both two-talker maskers (AD targets in AD masker: 

F(4, 12) = 18.14, p = .0001, 2 = 0.89; AD targets in ID masker: F(4, 12) = 4.94, p = .0138, 2 = 

0.62; ID targets in AD masker: F(4, 12) = 20.93, p < .0001, 2 = 0.87; ID targets in ID masker: 

F(4, 12) = 7.11, p = .0036, 2 = 0.7). Post-hoc pairwise comparisons using Bonferroni 

adjustment revealed that the threshold difference for AD “baby” in the AD masker was 

significantly lower than the threshold difference for any other AD target in the AD masker, p = 

.0002. The same was found for ID “baby” in the ID masker, p = .0287. Furthermore, the 

threshold difference for ID /ʌ/ in the ID masker was significantly higher than the threshold 

difference of the other ID targets in the ID masker, p = .025. Thus, the release from masking 

observed could be quite different for some masker–target combinations. 
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Figure S1. Threshold difference for adults in the pilot experiment (AD = adult-directed 

intonation; ID = infant-directed intonation). Negative values indicate that listeners experienced 

more masking with the two-talker masker than the speech-spectrum noise (SSN); positive values 

indicate that listeners experienced less masking with the two-talker masker than the SSN. The 

upper and lower lines on the box correspond to the 25th and 75th percentile, respectively, and the 

line inside the box represents the median. Whiskers represent maximum and minimum threshold 

obtained, and single dots represent outliers. The threshold difference depends on the target–

masker combination. The threshold differences for AD “baby” in the AD masker is significantly 

lower than the threshold difference for any other AD target in the AD masker, p = .0002. The 

same is found for ID “baby” in the ID masker, p = .0287. The threshold difference for ID /ʌ/ in 

the ID masker is significantly greater than the threshold difference of the other ID targets in the 

ID masker, p = .025. 


