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Infants often find themselves being spoken to in the 
context of background sound, including speech from one 
or more other talkers. For example, van de Weijer (1998) 
recorded all of the language input to which a single child 
was exposed over the course of 3 weeks and reported that 
there were multiple people speaking simultaneously dur-
ing most of the time that the infant was outside of the 
house (e.g., in daycare or during shopping trips). Golden 
and Frank (2000) measured signal-to-noise ratios (SNRs) 
in five occupied toddler classrooms and found that the 
background sound, which often consisted of speech from 
other children, was typically within 15 dB of the teacher’s 
voice; moreover, during book reading time, the SNRs for 
different teachers averaged only 5–6 dB. These findings 
suggest that young children frequently are spoken to in 
multitalker environments (see also Manlove, Frank, & 
Vernon-Feagans, 2001).

In order to learn language in these multitalker settings, 
infants must be able to separate one stream of speech, such 
as that of their caregiver’s voice, from others. Although a 
great deal of research has been focused on how adult lis-
teners separate speech from multiple talkers (Broadbent, 
1952; Brokx & Nooteboom, 1982; Cherry, 1953; Hirsh, 
1950; Pollack & Pickett, 1958; Poulton, 1953; Spieth, Cur-
tis, & Webster, 1954), there has been much less research 
on infants’ ability to do so. Furthermore, the aspects of 
the signal that might make the task of separating a talker’s 
voice from the background easier for infants have not been 
well studied.

Understanding the factors that affect infant performance 
in a multitalker environment provides information about 
both the acoustic cues on which infants rely in their day-

to-day listening and infants’ processing abilities. In order 
to understand what one voice says despite the presence 
of background speech, infants must perform a number of 
tasks. Understanding the limitations of these processes 
forms an underpinning to many theories on infant lan-
guage learning.

In order to separate streams of speech, infants must first 
cope with energetic masking, the masking of one sound by 
another at the auditory periphery. Because the frequency 
ranges of multiple streams of speech overlap, the com-
peting signals mask one another. For very young infants, 
poor spectral resolution could make this form of masking 
even more difficult, although several studies suggest that 
spectral resolution is essentially adult-like by the time an 
infant is 6 months of age (see, e.g., Abdala & Folsom, 
1995; Olsho, 1985; Schneider, Morrongiello, & Trehub, 
1990; Spetner & Olsho, 1990; cf. Werner & Bargones, 
1992, for a review).

In addition to coping with energetic masking and resolv-
ing different frequency components, infants must segre-
gate the two sources of sound, which involves analyzing a 
complex sound into its components and grouping acoustic 
properties that “belong together” (those that originate from 
a single source) to distinguish them from those that do not.

Separating streams of speech requires a sensitive au-
ditory system; infants have been shown to have poorer 
auditory thresholds and, more critically, poorer detection 
of speech and other sounds in the presence of noise. Stud-
ies suggest that 5- to 12-month-olds are more susceptible 
to masking of both tones and octave-band noises than are 
adults (Olsho, 1985; Schneider, Trehub, Morrongiello, 
& Thorpe, 1989). Infants show higher tonal thresholds 
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quency resolution abilities (see Werner & Bargones, 1992, 
for a discussion of this “excess” masking).

Finally, adult listeners typically use their linguistic 
knowledge to help them extract information in a multi-
talker environment. Infants have limited experience with 
their native language. In this regard, they may be more 
comparable to second-language learners than to native 
adult speakers of a language, and several studies suggest 
that second-language learners have particular difficul-
ties comprehending speech in noise or in the presence of 
other speech (Cooke, Garcia Lecumberri, & Barker, 2008; 
Garcia Lecumberri & Cooke, 2006; Mayo, Florentine, & 
Buus, 1997; Takata & Nábelek, 1990).

Thus, separating a single voice from background speech 
is likely to depend on a variety of cognitive and percep-
tual processes, and an inability to succeed at any of these 
would result in poor performance in hearing speech in 
multitalker environments. In the present article, we refer 
to the general problem, which includes aspects of the seg-
regation of sound sources, selective attention, and spectral 
resolution, combined, as separating streams of speech.

Given the range of limitations described above, we 
might expect infants’ speech recognition to be especially 
handicapped by the presence of background voices. Indeed, 
although the first study to examine this issue found that 
infants were capable of separating streams of speech (New-
man & Jus czyk, 1996), doing so was very difficult for them. 
Infants required substantially higher SNRs than would 
adult listeners, even with two talkers whose voices were 
very distinct acoustically. Such high SNRs may not always 
be available in the real world. As a result, follow-up work 
has begun exploring the types of cues that infants might use 
to help them separate different streams of speech.

Infants have been shown to make use of audiovisual 
synchrony in stream segregation (Hollich, Newman, & 
Jus czyk, 2005). In this study, 7.5-month-olds were fa-
miliarized with two voices presented simultaneously at a 
0-dB SNR and were then tested on individual words that 
had occurred in the target speech stream. When the infants 
had been shown a static picture along with the audio signal 
during the familiarization phase, they later failed to recog-
nize the words that the talker had said. Likewise, if shown 
a dynamic movie not synchronized with the speech, they 
failed to learn the words. However, if they were shown a 
synchronous signal (either of the talker’s face while the 
talker was speaking or of an oscilloscope pattern matching 
the audio signal), infants later showed recognition of the 
target word, suggesting that audiovisual synchrony is one 
cue that infants use to separate streams of speech.

Infants also perform better if the target voice is more fa-
miliar to them. Barker and Newman (2004) found that in-
fants were better able to understand speech in the presence 
of background talkers if the target voice was that of their 
own mother, as opposed to that of someone else’s mother.

One cue that has yet to be investigated is the number 
of background voices—in particular, competition from a 
single voice versus multiple voices. This factor is interest-
ing for a variety of reasons. First, a single competing voice 
is likely to be more similar acoustically to a single target 

in noise of approximately 8 dB, with performance being 
slightly more similar to adults for broadband noise tar-
gets (Bargones, Werner, & Marean, 1995; Nozza & Wil-
son, 1984; Werner & Boike, 2001). Infants also require 
greater stimulus intensity than do adults to discriminate 
among different speech sounds both in quiet and in noise 
(Nozza, Miller, Rossman, & Bond, 1991; Nozza, Ross-
man, & Bond, 1991; Nozza, Rossman, Bond, & Miller, 
1990). Infants’ unmasked thresholds for distinguishing 
speech sounds are roughly 25–30 dB higher than those of 
adults (Nozza, Rossman, & Bond, 1991), and, although 
adults can discriminate speech sounds in band-passed 
noise at SNRs of approximately 9 dB, infants require a 
minimum SNR of between 2 and 3 dB (Nozza, Miller 
et al., 1991; Nozza et al., 1990). Moreover, these results 
were found for the relatively simple task of discriminating 
two different CV syllables (such as / / vs. / / ). The au-
thors suggest that the age-related differences would have 
a much greater effect in a more complex task, such as 
recognizing meaningful speech in noise. Although these 
speech-sound studies all used band-passed noise as the 
masker, such deficits would also likely result in poorer 
ability to resolve the different components in a multiple-
voice setting.

After infants have grouped the appropriate cues into 
separate streams, they must choose to attend to the target 
signal as compared with the competing signal (“selective 
attention”). Thus, separating speech streams depends on 
the ability to attend selectively, another skill that is still de-
veloping in infants (Bargones & Werner, 1994). Failure to 
segregate sound sources or to attend selectively results in a 
type of masking that has been termed informational mask-
ing (IM; Durlach, 2006). When two voices can be sepa-
rated and the listener can selectively attend to one (such as 
when there is an obvious perceptual distinction that listen-
ers can focus on), there is less potential for uncertainty and 
thus less IM (Kidd, Mason, Deliwala, Woods, & Colburn, 
1994). Infants may be more susceptible to IM than adults 
are. Several studies suggest that preschoolers and school-
age children show more IM than adults do (see, e.g., Lutfi, 
Kistler, Oh, Wightman, & Callahan, 2003; Oh, Wight-
man, & Lutfi, 2001; Wightman, Callahan, Lutfi, Kistler, 
& Oh, 2003), and recent studies with infants suggest that 
they, too, are very susceptible to IM (Leibold & Werner, 
2006). Even information in a nonoverlapping frequency 
range can interfere with infants’ speech perception. For 
example, using a habituation procedure, Polka, Rvachew, 
and Molnar (2008) presented infants with a discrimina-
tion task involving two speech sounds, either in quiet or in 
the presence of background noise. The background noise 
was a high-frequency sound that did not overlap spectrally 
with the speech sounds, and thus there was no possibility 
of energetic masking. Despite that lack of overlap, infants 
showed poorer discrimination performance in the presence 
of this background noise; the authors suggest, similarly to 
Leibold and Werner, that IM may play a substantial role in 
infant perception. Such a susceptibility to IM could help 
to explain why infants appear to show greater effects of 
masking than would be expected on the basis of their fre-
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ers are added to the mix, these variations in amplitude 
tend to flatten out. Amplitude variations, such as those 
in the single-voice condition, are helpful for adult listen-
ers, who perform better with a background noise that has 
amplitude modulations than with background noise that 
does not (e.g., Carhart, Tillman, & Greetis, 1969; Car-
hart, Tillman, & Johnson, 1966; Dirks & Bower, 1969; 
Festen & Plomp, 1990; Gustafsson & Arlinger, 1994; 
Miller & Licklider, 1950; Takahashi & Bacon, 1992; Wil-
son & Carhart, 1969). If infants similarly can capitalize 
on these gaps in masking, they might likewise be able to 
recognize the target voice’s words during the amplitude 
dips and thus perform better with a varying-level masker, 
particularly in situations in which the target voice repeats 
words over and over, providing multiple opportunities to 
“catch” the target words.

Thus, there are a variety of hypothetical reasons to pre-
dict that a single-voice competing sound would differ from 
a multiple-voice background in terms of its effect on an 
infant listener. There is one final reason to investigate the 
effect of the number of voices, and that relates to a dis-
crepancy in the literature. Newman and Jus czyk (1996) 
reported that 7.5-month-olds could separate speech from 
different talkers when the target signal was at least 5 dB 
more intense than the background speech. In contrast, a 
more recent study (Newman, 2005) reported that infants 
could not succeed at that level of noise until after their first 
birthday, although both 5- and 9-month-olds succeeded at 
a slightly easier 10-dB SNR. There were three major differ-
ences between these two studies. One was methodological: 
Newman presented infants with their own names as the 
target words (an item that was already well known to the 
infants), whereas Newman and Jus czyk first familiarized 
the infants with target words and then tested for those. This 
difference should have made the task easier in Newman and 
thus cannot explain why infants performed more poorly in 
that study. The other two differences have to do with the 
competing speech: Although both studies used a female 
talker as the target voice, Newman and Jus czyk used a sin-
gle male voice as the background, whereas Newman used 
a combination of female voices. Thus, the number of the 
voices, the gender of the voices, or both, might explain the 
poorer performance in the later study. It is quite likely that 
gender was a factor in the discrepancy between studies, 
since other studies with infants and adults have reported 
effects of background gender (Barker & Newman, 2004; 
Brungart, 2001; see also Brokx & Nooteboom, 1982). Yet 
it is possible that the number of voices also played a role in 
this discrepancy. Examining whether infants perform bet-
ter with a single voice as the competing sound could help 
explain the conflict between these two studies.

The present study investigates this issue of the effect 
of the number of background voices on infants’ speech 
perception in a multitalker background. The methodology 
was identical to that of Newman (2005). Infants heard a 
woman’s voice repeating a name on each trial. On some 
trials, the name that the woman repeated was that of the 
infant being tested; on other trials, it was not. At the same 
time that the target voice was speaking, either one female 
voice or nine different female voices spoke fluently in the 

voice than is a multiple-voice combination. More specifi-
cally, a single voice contains patterns of amplitude and 
frequency modulation that are similar to those of other 
single voices but quite different from those of multitalker 
babble (Brungart & Simpson, 2002). This acoustic simi-
larity could cause confusion as to which components of 
the input “belong” to one stream as opposed to the other; 
increased similarity between a masker and a target should 
increase IM (Kidd, Mason, & Arbogast, 2002).

Second, a single voice may attract attention, either 
because of its semantic content or because of the need 
to process that content. Adult listeners likely would rec-
ognize words spoken by a single competing voice and 
shift their attention away from the target to that stream of 
speech. This is less likely to be an issue for young infants 
than it is for adults, as a result of infants’ limited lexical 
knowledge. However, listeners (including infants) may 
automatically process all speech signals that are pres ent 
(Eich, 1984; MacKay, 1973; Treisman, 1960; Wood & 
Cowan, 1995; but see Wood, Stadler, & Cowan, 1997), as 
when fluent readers find it difficult to avoid reading words 
in the Stroop (1935) task. Such processing of the compet-
ing voice could take resources away from processing of 
the target voice. In a combination of many voices, each 
individual voice is less distinctive.

Finally, a single voice may attract attention on the basis of 
its acoustic, nonsemantic properties in a way that multiple 
voices might not (Brungart & Simpson, 2002; Brungart, 
Simpson, Darwin, Arbogast, & Kidd, 2005). It is possible 
that listeners could have an automatic response to attend 
to time-varying signals that have the properties of a single 
voice. Infants, in particular, have already been shown to at-
tend to a single talker over white noise (Colombo & Bundy, 
1981) and over sine wave analogues (Vouloumanos & 
Werker, 2004, 2007), and they might similarly attend to a 
single voice over a combination of voices. This could cause 
them to shift attention to the wrong stream in a task involv-
ing a single competing voice.

Thus, a single-voice competing sound differs from a 
multiple-voice competitor in many ways: It can be con-
fused with the single target voice, its semantic content 
might attract attention or processing, and its time-varying 
acoustic properties could attract attention. These factors 
might cause infants to perform better in the presence of 
a multiple-voice background than in the presence of a 
single-voice background.

Surprisingly, though, adults perform better when a 
single background voice serves as a competing signal 
than when a multiple-voice background does so (Bronk-
horst & Plomp, 1992; Drullman & Bronkhorst, 2004; 
Pollack & Pickett, 1958; Simpson & Cooke, 2005). This 
is in part because a single voice also varies in its moment-
to-moment amplitude to a far greater extent than does 
multitalker babble (Bronkhorst & Plomp, 1992; Drull-
man & Bronkhorst, 2000, 2004). With a single talker as 
a competitor, there are periods of relative silence (e.g., 
when that talker pauses or during stop consonant closure) 
and times of more intense speech (e.g., during vowels). 
During the low-amplitude periods in the background, the 
target speech may be more audible. But as more talk-
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his/her own name, a name matched for stress pattern, and two names 
with different stress patterns. Infants might be able to pick out the 
stress pattern of their names at SNRs at which they could not pick 
out the particular phonetic pattern; if so, they should prefer listening 
to their names rather than to the nonmatching foils. The more critical 
question, however, is whether the child can also make out the phonol-
ogy of his/her own name; to examine this, we compared listening time 
to the child’s own name with listening time to the name matched for 
stress pattern. Because both names occurred in the presence of the 
same competing speech, listening to their own names longer than to 
the foil names can be taken as an indication that infants were able to 
identify the name despite the background speech.

The background speech stream varied across groups of infants, 
consisting of either a single female talker or a combination of nine 
female talkers. To control for acoustic variability among the back-
ground voices, each of the nine voices in the multiple-voice condi-
tion appeared in the single-voice condition one ninth of the time. In 
this way, the acoustic properties of the talkers presented to infants 
in the single-voice condition were matched to (or included in) those 
presented in the multiple-voice condition.

To create these competing sounds, we recorded nine women read-
ing passages aloud from a variety of books. Long pauses in the re-
cordings (as when the speaker turned the page or stopped to clear her 
throat) were excised to ensure that the talkers were speaking at most 
moments. This does not eliminate amplitude variability, because 
there were still stop consonant closures, breaks for air, short pauses, 
and so forth, as well as the natural variations between amplitude 
levels of different phonemes. The removal of long breaks made the 
individual passages sound a bit more like a memorized monologue 
than like reading from a book but did not make them sound unnatu-
ral. The nine passages were then adjusted to be of the same overall 
root mean square (RMS) amplitude. These passages served as the 
competing sounds for the single-voice condition; they were then 
blended together at equal ratios to create the competing sound for 
the multiple-voice condition.

In order to ensure that our effects generalized across talkers, four 
different talkers served as target voices. The same target voices were 
heard in the single- and multiple-voice conditions. This resulted in 
the need for 36 infants for the single-voice condition (4 target voices 

 9 background voices  36) and an additional 36 infants for the 
multiple-voice condition, for a total of 72 infants.

The women recorded in the target passages were instructed to 
record the names in a lively, animated voice, as if calling a small 
child. Each target passage consisted of 15 repetitions of a child’s 
name or nickname. In order to prevent the talker from producing 
the target name in a more engaging manner than the foil names, the 
talkers were always given a variety of names to record at any given 
time and were never aware of which names would be target names as 
opposed to foil names in the actual test sessions. Many of the target 
name recordings also served as foil names for other children (see the 
Appendix). All four names heard by any given child were recorded 
by the same talker. Pauses between names were adjusted so that the 
four sound files (name, stress-matched name, and nonmatched foils) 
were of the same overall duration. No single recording occurred 
more than three times in any condition. The complete list of names 
used in the present study is given in the Appendix.

In order to adjust the SNR between the stimuli, we needed mea-
surements of the average intensities of both the isolated names and 
the fluent competing passages. Because the children’s names and 
the foil names were separated by periods of silence, the average 
intensity level (RMS amplitude, measured on the digital signal) 
of the recording as a whole was lower than the intensity of the 
fluent speech background; the periods of silence served to make 
the intensity level overall seem lower than the actual level while 
the individual was talking. To adjust for this, we created an edited 
version of each name list with the pauses between names spliced 
out. A waveform program on the computer then calculated the av-
erage intensity level of these edited versions. The amplitude levels 

background. We measured whether infants listened longer 
on trials in which the target voice repeated their own name 
than on trials in which the voice repeated other names. 
Longer listening to their own names would indicate that 
the infants had been able to separate the target voice from 
the background and recognize the words that the target 
voice was repeating.

EXPERIMENT 1

Infants in the present study heard a target voice repeating 
their own name or a foil name in the context of competing 
speech sounds. These competing sounds consisted of either 
a single voice or a nine-voice combination (multiple- voice 
condition). The SNR was set at 10 dB, the level at which 
infants of a similar age in the Newman (2005) study suc-
ceeded at recognizing their names in the context of multi-
talker babble. The multiple-voice condition is a direct rep-
lication of that study, and we would expect infants to listen 
longer to their names in this situation. Of interest is whether 
infants would also listen longer to their names when there 
was only a single background voice at the same SNR. If 
not, it would suggest that a single background voice is more 
difficult for infants than are multiple voices.

Method
Subjects. Of the 72 infant participants, 46 were male and 26 

were female. Although this represents a gender imbalance, there 
is no reason to expect gender differences in audition at this age.1 
However, we tested effects of gender in order to ensure that there 
were no differences. Participants were recruited by means of letters 
sent to parents who listed birth announcements in the local newspa-
pers. The infants had an average age of 4.8 months on the basis of 
due date (range, 17 weeks, 0 days, to 24 weeks, 3 days). Data from 
an additional 19 infants were excluded for the following reasons: 
crying/ fussiness (n  8), prematurity (n  5), falling asleep (n  1), 
or failure to orient to the lights or to listen for an average of 3 sec 
per item (n  5). Because the present study focused on the infants’ 
own names and not on particular words in the language, infants were 
not excluded for being in bilingual homes. Infants were excluded if 
the name tested was not the one most commonly heard or if any of 
the foil names chosen for testing were ones with which an infant 
was particularly familiar (such as family members or pets; n  3); 
although we attempted to ascertain such information before testing, 
some parents changed their responses to these questions between the 
time of initial contact and the final visit.

Half of the infants were assigned to the single-voice condition (16 
female, 20 male) and half (10 female, 26 male) were assigned to the 
multiple-voice condition, as described below. Infants in the single- 
and multiple-voice conditions did not differ in age [t(70)  1.21, 
p  .05]. Although proportions of gender differed across condi-
tions, this did not result in any interactions in the later analyses. [For 
the single-voice condition, gender  name and gender  talker  
name, both Fs  1; for talker  gender, F(3,28)  2.29, p  .10; for 
the multiple-voice condition, gender  name and gender  talker  
name, both Fs  1; for talker  gender, F(3,28)  1.22, p  .10]. 
We therefore ignored gender in the final analyses.

Stimuli. Stimuli consisted of both a target speech stream and 
a competing (or background) speech stream. All recordings were 
made with a Shure SM51 microphone in a sound-attenuated room. 
They were amplified, low-pass filtered at 44.1 kHz, digitized via a 
16-bit analog-to-digital converter, and stored on computer disk.

The target speech stream consisted of a talker repeating a name over 
and over. Each infant heard trials consisting of four different names: 
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nonmatched foils). These 12 trials were grouped into four blocks, 
such that each name occurred once in a given block, with the order 
of the four names randomized within the block. Although the two 
names that mismatch in stress were expected to entail identical lis-
tening times, we used two such items so that the test trials as a group 
had an equivalent number of trials with each stress pattern; this pre-
vented infants from acquiring a preference for a particular stress 
pattern over the course of the experiment.

The experimenter behind the center panel pressed a button on 
the response box whenever the infant looked at or away from the 
flashing light. Both the experimenter and the caregiver listened to 
masking music over Peltor aviation headphones so that they could 
not differentially influence the infant’s behavior or the coding of 
that behavior.

Results and Discussion
Mean listening times to the four different names were 

calculated for each infant across the three blocks of tri-
als. (Two children completed only two blocks.) Because 
the two nonmatching names were not expected to differ, 
listening times to these names were averaged for all sta-
tistical analyses, resulting in three name types: own name, 
stress-matched foil, and nonmatched foils.

We examined the data from the multiple-voice condi-
tion first. Because this condition was a direct replication of 
Newman (2005), we expected that infants would listen sig-
nificantly longer to their own names than to the foil names 
and that there would be no effect of the particular talker. 
Indeed, a 4 (talker)  3 (name) ANOVA found no effect 
of the particular voice used [F(3,32)  1.55, p  .05] and 
no interaction between talker and name [F(6,64)  1], but 
a significant effect of name [F(2,64)  5.36, p  .001]. 
We used follow-up directional t tests to determine whether 
infants listened longer to their own names than to each of 
the other foils. These showed that infants listened longer 
to their own names than to both the stress-matched foil 
[t(35)  2.49, p  .05] and the nonmatched foils [t(35)  
3.02, p  .005]. This pattern can be seen in the left panel 
of Figure 1. Overall, infants averaged 16.3 sec of listen-
ing to their own names, but only 13.3 sec listening to the 
stress-matched foil. Nevertheless, only 23 of 36 infants 
showed this pattern. This variable performance is fairly 
typical of research with infants, but does suggest that the 
task was indeed difficult for infants.

We then examined the data from the single-voice con-
dition. There was a significant effect of target voice 
[F(3,32)  3.30, p  .033]; infants appeared to listen lon-
ger to one of the target voices than to the others. However, 
there was no interaction between this factor and the name 
[F(6,64)  1], suggesting that it is not likely to be an ef-
fect of speech stream separation but more an overall pref-
erence for that target’s voice. Interestingly, there was also 
no effect of the name itself [F(2,64)  1]; infants listened 
12.5 sec on average to their own names and 12.4 sec to the 
stress-matched foil (see Figure 1, center panel). Although 
their average listening was slightly lower to the nonmatched 
foils (11.5 sec), none of the three names differed signifi-
cantly from one another [own name vs. stress-matched foil 
t(35)  0.13; own name vs. nonmatched foil, t(35)  0.89; 
stress-matched foil vs. nonmatched foil, t(35)  0.94; all 
ps  .05].

of the four original name recordings were then adjusted so that 
their edited versions had the same average intensity level, and the 
average intensity level of the competing stimulus was adjusted to 
be 10 dB less than that of these edited versions of the name lists. 
This resulted in four test stimuli of the same RMS amplitude, each 
of which were combined with a competing stimulus 10 dB less 
intense than the target voice.

A 500-msec silent period was prepended to each name list; the 
competing passage was then adjusted to be at least 500 msec longer 
than the duration of the name list. In this manner, the competing 
passage began prior to the onset of the names and remained at full 
amplitude until the final name was recorded. The same competing 
passage was used for all four name stimuli for any given participant. 
Finally, the competing passage and the name list were combined into 
a single sound file. Because infants’ names varied in length (from 
one to four syllables), the duration of stimuli was not constant across 
children (varying from 21.4 to 35.4 sec), although all four stimuli 
were identical in length for each child. Although some infants oc-
casionally did listen to the end of a trial, no infant did so regularly; 
thus, the overall performance of different infants was never as long 
as any of these trial lengths, and this variation across infants would 
not affect the final results.

As noted in the introduction, amplitude variability tends to be far 
greater for a single voice speaking than for nine voices speaking; this 
was certainly the case here. The difference between the minimum 
and maximum power levels across the competing sound sequence 
was only 14.9 dB for the nine-voice mixture. For the single voices, 
this difference between minimum and maximum values ranged from 
45 to 73 dB for different talkers, with an average of 57 dB. Clearly, 
then, the single-voice backgrounds differed from the mixture, not 
only in being simply one voice but also in the degree to which am-
plitude levels varied throughout the recording.

Apparatus. The experiment took place in a three-sided test 
booth constructed from pegboard panels (4 ft  6 ft). In the center 
of the front panel was a light for attracting the child’s attention and 
a hole for the lens of a video camera used to record each session. 
The experimenter sat behind the front wall of the booth and watched 
the session via a monitor connected to the camera. Each side panel 
had a red light and a loudspeaker (NHT Super One, with a fre-
quency response from 57 Hz to 25 kHz, 3 dB), which was located 
behind the center of the panel. A tan curtain suspended from the 
ceiling prevented the infant from seeing over the top of the booth. 
A Mac intosh G3 computer located behind the front panel was used 
to control the presentation of the stimuli and recorded the observer’s 
coding of the infant’s responses. The experimenter pressed buttons 
on a response box to signal the computer to start and stop the flash-
ing center and side lights.

Procedure. Each infant sat on a caregiver’s lap in the center of 
the test booth. Each trial began with the blinking of the light in the 
center of the front panel. As soon as the infant oriented in that direc-
tion, this light was turned off and one of the two side lights began 
to flash. When the infant oriented toward that light, the stimulus for 
that trial began to play from the loudspeaker on the same side. The 
stimulus continued to play until its completion or until the infant 
had looked away for 2 consecutive seconds, whichever came first. 
Listening time was assessed as the amount of time the infant spent 
looking at the “source” of the sound (the flashing light). Any time 
the infant spent looking away (whether 2 sec or less) was excluded 
when measuring total listening time. The red light continued to flash 
for the duration of the trial. Data about the duration and direction of 
head turns and total trial durations were stored on the computer.

To familiarize the infants with the task, there was an initial prac-
tice phase, during which the infants heard one of two musical pas-
sages (14.9 sec long) on alternating trials until they accumulated at 
least 25 sec of listening time to each passage.

The test phase began immediately after the listening criteria for 
the practice phase was reached. During the test phase, infants heard 
three repetitions of each of four different name passages (the pas-
sages containing the child’s name, a stress-matched foil, and two 
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the competing sound consists of a single talker. When 
might such a change take place? As noted above, New-
man and Jus czyk (1996) had found better performance in 
their study by using a single-voice competing sound than 
was found in the present experiment. Their study involved 
7.5-month-olds. One concern, then, was that the effect of 
the number of background voices actually might change 
between 5 and 8 months of age. That is, the discrepancy 
between study results might have occurred because of the 
age of the infants tested. To test this, we replicated Ex-
periment 1 with older infants, closer in age to (but slightly 
older than) those tested in Newman and Jus czyk.

EXPERIMENT 2

This experiment was identical to Experiment 1, except 
in the age of the infants being tested.

Method
Subjects. Of the 54 infants who participated in this experiment, 

27 (14 male, 13 female) participated in the multiple-voice (control) 
condition and 27 (17 male, 10 female) participated in the single-
voice condition. The infants had an average age of 8.5 months on 
the basis of due date (range, 7.4–9.7 months). The data from an 
additional 15 infants were not included for the following reasons: 
crying/fussiness (n  9), ear infection on test date (n  1), wrong 
age at test date (usually the result of multiple reschedulings, n  3), 
or experimenter error (n  2).

Stimuli. The stimuli were identical to those in Experiment 1, with 
the exception that they were often new names and thus were new 
target voice recordings. Three speakers were recorded for the target 
speech in the present experiment; of these, one had also been a target 
speaker in Experiment 1.2 The same nine single-voice background 
talker recordings were used, as well as the same nine-voice combina-
tion recording.

Thus, the present experiment suggested that, although 
infants are able to separate the speech of a target voice 
repeating a word from multitalker babble and recognize 
their own names in this type of competing sound, they 
do not appear to do so at the same SNR when there is a 
single voice speaking in the background. Why might this 
be the case? One possibility is that the infants were able 
to separate the streams of speech, but that they did not 
have a preference for listening to the list of names over a 
single competing voice, whereas they did prefer listening 
to the name list over the multiple voice babble. Another 
possibility is that the single background voice was attract-
ing their attention away from the target voice despite their 
preferences. However, if infants actually preferred listen-
ing to the competing passage, one might expect that the 
infants would have listened longer overall in the single-
voice condition than in the multiple-voice condition, at 
least when the child’s own name was not being presented. 
This was not the case, however; to the extent that there 
was any difference at all, infants tended to listen longer 
to the foil names in the multiple-voice condition than in 
the single-voice condition (12.9 vs. 11.5 sec). Rather, it 
appears that the single-voice background made it more 
difficult for infants to make out what the target voice was 
saying, perhaps as a result of attentional capture, but not 
that it actually caused infants to listen longer.

Before going on to examine why this might have oc-
curred, it was important to address one concern regarding 
the age of the infants tested. The results clearly suggest 
that there is an age-related change in the effect of the num-
ber of background voices: 5-month-olds appear to have 
performed better when the competing sound consisted 
of multiple talkers, whereas adults perform better when 

Figure 1. Mean listening times and standard errors to the child’s own name and 
to the foil names in the three conditions (multiple voice, single voice, and single voice 
backward) for the 5-month-olds.

Nine-Voice Background Single-Voice Background Single-Voice Backward

0

5

10

15

20

Lo
o

ki
n

g
 T

im
e 

(s
ec

)

Own name

Stress-matched foil

Nonmatched foils

Looking Time for Own Name Versus Novel Names in
Different Types of Background Noise, 5-Month-Old Infants



828    NEWMAN

9.8 sec to the stress-matched names, and 9.8 sec to the foil 
names.3 This trend was not significant; however, it may be 
that some infants at this age were able to succeed in the 
single-voice condition, just as they were in the multiple-
voice condition. Perhaps still older infants would show 
a significant effect at this age. Critically, though, these 
8.5-month-olds were not performing better in this condi-
tion than in the multiple-voice condition.

In general, the findings from the 8.5-month-olds are 
somewhat similar to those for the younger infants, with 
the exception that the overall ANOVA just missed signifi-
cance in the nine-voice condition, perhaps as a result of 
greater variability. There was an apparent trend toward a 
preference for their own names in the single-voice con-
dition, but this did not reach significance. There is no 
evidence to suggest that listening in a single-voice back-
ground was easier for these infants than listening in a 
multitalker voice background. This, in turn, suggests that 
the difference between the results from Experiment 1 (in 
which infants failed to recognize speech with a single-
talker competing sound) and that of Newman and Jus czyk 
(1996) was unlikely to be simply the result of the differ-
ence in age across studies.

The results from Experiments 1 and 2 suggest that lis-
tening in the context of a competing sound is at least as 
difficult for infants when that competition consists of a 
single talker than when it consists of multiple talkers. 
This is somewhat surprising, given the pattern of results 
in earlier infant literature. For example, Newman (2005) 
found poorer performance for infants when a nine-voice 
background masker was used than Newman and Jus czyk 
(1996) found when a single-voice masker was used. 
One possible explanation that Newman gave for this 
difference in performance was that she used multitalker 
babble. That explanation hinges on the idea that a single 

Design, Apparatus, and Procedure. These were identical to 
those in the previous experiment.

Results and Discussion
Mean listening times to the four different names were 

calculated for each infant, as in Experiment 1. We first 
examined the data from the multiple-voice condition, 
and, as in Experiment 1, we found no effect of talker 
and no interaction with talker (both Fs  1). Surpris-
ingly, however, the effect of name missed significance 
[F(2,48)  2.60, p  .085]. It is not clear why this would 
be the case; perhaps the older infants were simply more 
variable in their performance than were the 5-month-
olds. Despite the marginal nature of this result, we still 
performed the follow-up directional t tests, given our 
strong predictions for this multiple-voice condition (on 
the basis of both Experiment 1 and our prior research, of 
which this condition is a direct replication). As expected, 
we found that infants listened longer to their own names 
than to both the stress-matched foils [t(27)  1.75, p  
.05] and the nonmatched foils [t(26)  2.14, p  .05]. 
This pattern can be seen in Figure 2. Overall, infants av-
eraged 11.3 sec of listening to their own names, but only 
9.5 sec listening to the stress-matched foils and 9.5 sec 
listening to the nonmatched foils; however, only 15 of 
27 infants showed this pattern, suggesting that this was 
a difficult task.

We then examined the data from the single-voice condi-
tion. There was no effect of target voice [F(2,24)  1.71, 
p  .05] nor were there any interactions between this and 
the name (F  1). As in Experiment 1, there was no effect 
of the name itself [F(2,48)  1.79, p  .05], although 
there was what may appear to be a trend in that direc-
tion, as can be seen in the right-hand panel of Figure 2. 
Infants listened 11.3 sec on average to their own names, 

Figure 2. Mean listening times and standard errors to the child’s own name and 
to the foil names in the two conditions (multiple and single voice) for the 8.5-month-
olds.
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ear infection on test date (n  1), and wrong age or excessive pre-
maturity (n  3).

Stimuli. The stimuli were identical to those in Experiment 1, with 
the exception that often they were new names and thus new target 
voice recordings. Three of the four target speakers from Experi-
ment 1 were recorded for the target speech in the present experiment. 
The same nine background talker recordings were used but were 
reversed prior to being blended with the target voice.

Design, Apparatus, and Procedure. These were identical to 
those in the previous experiments.

Results and Discussion
The data were analyzed in the same manner as in Ex-

periment 1. The mean listening time to each of the four 
test passages was calculated for each infant. An ANOVA 
with two factors (name and target voice) found an effect 
of the particular target voice used, as in the prior experi-
ment [F(2,24)  3.42, p  .05], but no effect of name 
[F(2,48)  1] and no interaction [F(2,48)  1]. Infants 
spent nearly identical amounts of time listening to the 
three names in this experiment (11.6 sec to their own 
names, 12.0 sec to the stress-matched foils, and 11.5 sec 
to the nonmatched foils), as is shown in the far right panel 
of Figure 1. Thus, even when the speech from the back-
ground talker was reversed and no longer sounded like 
normal speech, it still appeared to prevent infants from 
recognizing what the target voice was saying. Had the 
infants in Experiment 1 recognized individual words in 
the single-voice background speech stream, causing them 
to shift their attention away from the target stream, we 
would have expected infants to show a different pattern in 
the present experiment, in which the background stream 
sounded less speech-like and no individual words could be 
identified. However, we did not find any such difference. 
Indeed, a comparison of the single-voice (Experiment 1) 
and reversed single-voice (Experiment 3) results, using a 4 
(talker)  2 (direction: forward vs. backward)  3 (name) 
ANOVA showed no effect of the name [F(2,112)  1] and 
no name  direction interaction (F  1).

These results imply that infants’ difficulty with the single-
 voice condition in Experiment 1 was not likely to have been 
the result of having recognized words in the background 
speech stream or because they were choosing to attend to 
signals that sounded like fluent speech. Rather, it would ap-
pear that some aspect of the acoustic properties of the signal 
that were maintained when speech was reversed made it 
more difficult for infants to separate the speech streams and 
to selectively attend to the target voice.

It is possible, of course, that we found the same effects 
but for different reasons. Perhaps in Experiment 1, infants 
were distracted by recognizing words in the competing 
voice, whereas here they were distracted by the fact that 
the background sounded unnatural. It is impossible to ex-
plore fully all the potential reasons for the lack of an effect 
in the present study or all the factors that distinguish a 
single voice speaking from multitalker babble. However, 
it appears most likely that a single-voice competing sound 
contains some acoustic or temporal property that attracts 
infant attention away from the target voice or precludes 
recognizing the target speech.

talker is easier to segregate, but the present results sug-
gest that a single talker is actually harder to segregate. 
It appears more likely that the improved performance 
in the Newman and Jus czyk study was a result not of 
their use of a single voice as the competition but of their 
use of a male voice, rather than the female voices used 
here. This is consistent with the suggestion by Barker 
and Newman (2004) that a change in gender between 
target and background voices may be an especially po-
tent cue to infants’ separation of speech streams, just as 
it is for adults’ stream segregation (for effects of gen-
der, see Brungart, 2001; Brungart, Simpson, Ericson, & 
Scott, 2001; Cullington & Zeng, 2008; for effects of the 
associated feature of fundamental frequency range, see 
Assmann & Summerfield, 1990; Brokx & Nooteboom, 
1982; Chalikia & Bregman, 1989; Scheffers, 1982, 1983; 
Zwicker, 1984).

It appears that infants find it slightly more difficult to 
separate a single talker from a single competing voice 
than from multiple competing voices. There are several 
possibilities why this might occur, but each revolves 
around the notion that a single voice attracts infant atten-
tion in some manner. It seems unlikely that the semantic 
content of the single voice attracts attention, because 
infants 5 months of age have limited semantic knowl-
edge. Rather, attention could be attracted by a spectral 
property of the signal, a temporal property of the sig-
nal, or simply the fact that it sounds like a voice talking 
and, thus, like something that could be interesting. As a 
first step toward narrowing these possibilities, Experi-
ment 3 investigated infant performance in a condition 
where the competing sound consisted of a single voice 
played in reverse. This resulted in an acoustic signal that 
had very similar spectral composition to that of the for-
ward signal and the same time-varying nature as that of 
the forward signal, but that did not sound like normal 
speech (Gallun, Mason, & Kidd, 2007; Hygge, Rönn-
berg, Larsby, & Arlinger, 1992). If infants were attending 
to the single background voice because it sounded poten-
tially interesting, this effect should be reduced when the 
competing sound did not seem to be real speech, and we 
would expect them to listen longer to their own names 
in Experiment 3.

EXPERIMENT 3

This experiment was identical to the single-voice con-
dition in Experiment 1, except that the background speech 
was reversed before being blended with the target voice. 
Because the only apparent difference between the two 
ages from the prior experiments had been that the results 
from the older infants were more variable, we returned to 
testing the younger infants.

Method
Subjects. Twenty-seven infants (14 male, 13 female) participated 

in this experiment. The infants had an average age of 5.1 months on 
the basis of due date (range, 17 weeks, 0 days, to 24 weeks, 4 days). 
The data from an additional 8 infants were not included for the fol-
lowing reasons: crying/fussiness (n  2), failure to attend (n  2), 
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masked the target speech stream but caused infants to at-
tend to the wrong signal. Previous work has suggested that 
even very young infants attend preferentially to speech 
over nonspeech signals (Colombo & Bundy, 1981; Glenn, 
Cunningham, & Joyce, 1981; Vouloumanos & Werker, 
2004, 2007). Perhaps infant attention is drawn not toward 
speech in particular but toward anything that has the gen-
eral acoustic patterns associated with human speech sig-
nals. A single voice may have more of these properties 
than does background babble. Although playing a speech 
signal backward alters some of these acoustic proper-
ties, the general prosodic and spectral patterns of forward 
speech are likely to be quite similar to those of backward 
speech. This would result in infants’ attention being drawn 
toward the competing signal both in Experiment 3 and in 
the single-voice conditions of Experiments 1 and 2.

Despite these acoustic similarities, there are subtle 
acoustic differences between reversed and forward speech 
to which adults and infants could have been sensitive. In-
deed, newborns have been shown to be able to discrimi-
nate different languages when speech samples are played 
forward, but not when the samples are played backward 
(Ramus, Hauser, Miller, Morris, & Mehler, 2000). This 
implies that infants must be sensitive to some cues that 
differ between forward and backward speech. Reversing 
the direction of speech has different effects on different 
segments (having less influence on steady-state portions 
than on transitions, for example), and these differential 
patterns provide cues that infants may be able to pick up 
on. Yet the present results suggest that these cues do not 
influence the extent to which a signal can be ignored. In-
stead, some aspect of the acoustic signal that is the same 
between reversed and forward speech, but differs between 
one voice and multiple voices, appears to make speech 
distracting to infants.

Brungart et al. (2005) argued that normal speech and 
time-reversed speech “share a common set of acoustic 
features that interfere in some way with central speech 
processing” (p. 293). One likely candidate for such an 
acoustic feature is the spectral modulation in the signal. 
The authors tested adults’ ability to identify words in a 
target stream while a second speech or nonspeech stream 
occurred simultaneously. They measured the amount 
of across-ear interference from the competing stream. 
Whenever the competing signal contained “speech-like 
[spectral] modulations,” it generated across-ear interfer-
ence. On the basis of the present results, it seems likely 
that a similar factor influences infant selective attention 
as well: When a competing signal has the time-varying 
changes of a single talker’s voice, it prevents infants from 
attending to the target speaker.

Infants in the present study showed similar patterns with 
forward versus reversed speech. Studies with adult listen-
ers comparing the effectiveness of forward and backward 
speech maskers have shown a mixed pattern of results: 
Some show improved performance when a competing 
speech stream is played in reverse, whereas others do not 
(e.g., Dirks & Bower, 1969; Hygge et al., 1992; Summers 
& Molis, 2004), depending on the particulars of the task 
and the other cues available for segregation. One expla-

GENERAL DISCUSSION

The present study replicated previous findings suggest-
ing that by the time infants reach 5 months of age, they 
can separate speech produced by different talkers. When 
faced with a single target voice that is at least 10 dB more 
intense than a background of multitalker babble, infants 
listened longer to their own names than to other names. 
This suggests that infants were able to separate the target 
speech stream from the background speech and to rec-
ognize individual words in that stream. Furthermore, the 
present results suggest that, even when speech is masked, 
infants can recognize the representations for words with 
which they are familiar.

However, the type of competing sound is clearly a criti-
cal factor in infants’ abilities. Infants at both 5 and 8.5 
months of age appeared to be able to recognize their own 
names at a 10-dB SNR when the competing speech con-
tained multiple voices but not when it was a single voice. 
This was so even when the background speech was played 
backward, which suggests that infants were not merely 
recognizing individual words in the single-voice back-
ground speech stream and shifting their attention toward 
that stream in response. Rather, the properties that make 
a single voice more distracting to infants appear to be re-
lated to its time-varying acoustic properties, rather than 
anything related to meaning or content.

Surprisingly, the pattern shown by the infant listeners in 
the present study is exactly the opposite of the pattern typ-
ically shown by adults (Bronkhorst & Plomp, 1992; Pol-
lack & Pickett, 1958). Adults consistently perform better 
in the single-voice masker condition than in the multiple-
voice masker condition, given equal SNRs. Infants show 
the opposite pattern. The age at which the adult pattern 
of performance emerges during development and what 
mechanisms support this change are not known; however, 
the present results suggest that this change occurs after 
9 months. Future work should explore more directly the 
question of when this change occurs.

There are a variety of possible explanations for the dif-
ferences between the single- and multiple-voice condi-
tions tested here. As noted, single voices tend to have much 
more varying amplitude levels than does a combination of 
voices. The present results suggest that infants are unable 
to take advantage of those dips, perhaps because they lack 
an ability to focus attention at points when the competing 
signal is less intense. In fact, if infants are unable to focus 
their attention selectively, their efforts might be hindered 
by the time-varying nature of the signal: They might expe-
rience greater masking from the more intense portions of 
the competing signal without the counteracting benefit of 
being able to take advantage of the less intense portions of 
the signal. This could be explored in the future by compar-
ing infant performance with background babble that had 
greater or lesser degrees of amplitude variation; according 
to this account, a flatter amplitude contour would result in 
better separation of speech streams.

A second possibility is that the properties of the single-
voice background signal attracted infant attention away 
from the target voice. Perhaps the single voice not only 
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single talker rather than multitalker babble, a pattern op-
posite that typically shown by adults. This difference does 
not appear to be the result of infants detecting individual 
words in the background speech signal and switching their 
attention as a result; rather, it appears that the acoustic 
properties of a single-voice background either attract in-
fant attention or serve as a better masker of a target speech 
stream. Regardless of the reason, the results suggest that 
infants could have difficulty understanding speech in the 
noise levels typical of many infant settings.
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only energetic components, because it is not intelligible as 
speech (Summers & Molis, 2004). Because 5-month-olds 
are unlikely to be able to interpret much of the speech sig-
nal, they would be less likely to show a difference between 
reversed and forward speech than are adults.

In summary, it appears that infants, like adults, experi-
ence the IM effects caused by a time-varying, speech-like 
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like maskers. For adults, such effects are complicated by 
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voice condition relative to a multiple-voice condition, and 
they can use semantic differences in the distractor to help 
them separate different streams, improving performance in 
a reversed-speech condition relative to a forward-speech 
condition. Infants do not appear to demonstrate the latter 
effect and perhaps are also unable to listen in the dips.

The present findings help to explain the apparent 
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nine-voice background masker than Newman and Jus-
czyk (1996) found using a single-voice masker. One pos-
sible explanation Newman has given for this difference in 
performance is the fact that she used multitalker babble. 
However, the present results clearly suggest the opposite: 
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talkers. In contrast, Newman and Jus czyk (1996) used a 
male talker as their competing sound. Given the present 
findings, it appears likely that the improved performance 
in the Newman and Jus czyk study resulted not from their 
use of a single voice as the distractor but from their use of a 
male voice. This corroborates the suggestion by Barker and 
Newman (2004) that a difference in gender between target 
and background voices may be an especially potent cue to 
infant separation of speech streams, as it is for adults. This, 
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many ways in which a male talker and a female talker typi-
cally differ—for example, in f 0 range and formant range. 
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basis of these factors, treating them as continuously vary-
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manipulating the similarity between the background voice 
and the target voice in a stepwise manner, we could explore 
which aspects of the signal are most critical.

In conclusion, the results of the present study suggest 
that infants find it more difficult to understand speech 
in competing sounds when the background consists of a 
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NOTES

1. One place where gender differences have been found among infants 
is in auditory brainstem response latencies. However, this has been ar-
gued to be the result of faster neural travel times as a result of a shorter 
cochlea in girls; there is no expectation of developmental hearing differ-
ences among male and female infants (Ribeiro & Carvallo, 2008).
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the present experiment was completed, making it difficult to finish the 
study using her voice. The data presented above include the remain-
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voice had also been one of the five used in Newman (2005); the multiple-
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earlier study. There were 5 participants in that earlier study who heard 
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APPENDIX 
Names Used

Foils Speaker

Target  Stress-Matched  Nonmatched  Target  Background

Single Voice, 5-Month-Olds
Juan David Beatriz Ann Rosa, Guillermo M.H. A.T.
Peter Nathan Keon, Roseanne J.A. A.T.
Adam Ilse Lynette, Nicole L.S. A.T.
Kyle Eden Shereen, Marvelle A.R. A.T.
Ella Michael Norit, Tamar M.H. B.W.
Keon Jeanine Mehdi, Peter J.A. B.W.
Ilse Morgan Danielle, Lynette L.S. B.W.
Michael Joey Kareem, Enriq A.R. B.W.
Hadassah Mackenna Annabelle, Tabitha M.H. I.H.
AJ David Adelle, Babette J.A. I.H.
Nicholas Joshua Melissa, Samantha L.S. I.H.
Casey Deena Roseanne, Elaine A.R. I.H.
Isabel Juan David Guillermo, Ann Rosa M.H. J.B.
Owen David Babette, Jeanine J.A. J.B.
Elizabeth Victoria Alexander, Jeremiah L.S. J.B.
Louisa Delaney Jillian, Cynthia A.R. J.B.
Beatrice Monica Deonte, Sophia M.H. J.G.
Kevin Mia Roseanne, Jeanine J.A. J.G.
Morgan Adam Nicole, Nadine L.S. J.G.
Vincent Riley Denise, Maureen A.R. J.G.
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APPENDIX (Continued)

Foils Speaker

Target  Stress-Matched  Nonmatched  Target  Background

Single Voice, 5-Month-Olds (Continued)
Jacob Chesney Eileen, Simone M.H. R.D.
Ty Em David, AJ J.A. R.D.
Samantha Melissa Killian, Christopher L.S. R.D.
Zephra Kayleigh Shereen, Marvelle A.R. R.D.
Toosa Jordan Norit, Tamar M.H. S.C.
Cole Kate Shakti, Jarred J.A. S.C.
Greer Max Phoebe, Alex L.S. S.C.
Kian Russell Malone, Tashae A.R. S.C.
Annabelle Tabitha Mackenna, Hadassah M.H. S.T.
Lillian Gabriel Amanda, Mackenzie J.A. S.T.
Melissa Samantha Christopher, Killian L.S. S.T.
William Eden Shereen, Marvelle A.R. S.T.
Mackenna Hadassah Tabitha, Annabelle M.H. T.W.
Peter Mehdi Jeanine, Keon J.A. T.W.
Killian Christopher Samantha, Melissa L.S. T.W.
Josh Will Joey, Michael A.R. T.W.

Nine Voices, 5-Month-Olds
Devin Matthew Norit, Tamar M.H. 9 voices
Jack Reese Matthew, Sarah M.H. 9 voices
Brookie Ella Tamar, Norit M.H. 9 voices
Reese Jack Devon, Emma M.H. 9 voices
Boobuh Luka Simone, Eileen M.H. 9 voices
Devon Emma Norit, Tamar M.H. 9 voices
Adebola Valentino Veronica, Elizabeth M.H. 9 voices
Matteo Ann Rosa Isabel, Juan David M.H. 9 voices
Luka Shaney Simone, Eileen M.H. 9 voices
Brady Isaac Earline, Babette J.A. 9 voices
Isaac Brady Earline, Babette J.A. 9 voices
Gabriel Anthony Ricardo, Mackenzie J.A. 9 voices
Robert Gabby Purnell, Khalil J.A. 9 voices
Oliver Monica Mackenzie, Felicia J.A. 9 voices
Kieran Maya Khalil, Purnell J.A. 9 voices
Luke Paul Nathan, Mehdi J.A. 9 voices
Peter Nathan Jeanine, Roseanne J.A. 9 voices
Kenzie Aggie Earline, Babette J.A. 9 voices
Logan Maddie Nadine, Nicole L.S. 9 voices
Melody Julian Daniela, Alonzo L.S. 9 voices
Joshua Nicholas Maryann, Gabrielle L.S. 9 voices
Nicholas Joshua Gabrielle, Maryann L.S. 9 voices
Julian Melody Daniela, Alonzo L.S. 9 voices
Joshua Christopher Melissa, Samantha L.S. 9 voices
Max Blake Nora, Ryan L.S. 9 voices
Drew Blake Nora, Ryan L.S. 9 voices
Alex Phoebe Leanne, Annette L.S. 9 voices
Riley Aidan Denise, Maureen A.R. 9 voices
Beck Miles Cody, Lena A.R. 9 voices
Lena Thomas Michelle, Doreen A.R. 9 voices
Delaney Melissa Cynthia, Jillian A.R. 9 voices
Taryn Riley Denise, Maureen A.R. 9 voices
Maxim Anna Elaine, Roseanne A.R. 9 voices
Eden Kayleigh Shereen, Marvelle A.R. 9 voices
Ezra Thomas Doreen, Michelle A.R. 9 voices
Anna Cody Doreen, Michelle A.R. 9 voices

Single Voice, 8.5-Month-Olds
Anjali Broderick Kameko, Zipora H.C. A.T.
Allison Zachary Sabrina, Sophia L.S. A.T.
Kutti Prima Suzanne, Leanne S.R. A.T.
Mason Cora Renee, Denise H.C. B.W
Alex Phoebe Leanne, Annette L.S. B.W.
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APPENDIX (Continued)

Foils Speaker

Target  Stress-Matched  Nonmatched  Target  Background

Single Voice, 8.5-Month-Olds (Continued)
Dalton Simon Jamal, Roseanne S.R. B.W.
Caroline Jillian Fiona, Allanah H.C. I.H.
Maddie Andrew Danielle, Nicole L.S. I.H.
Elliot Caroline Diana, Miranda S.R. I.H.
Fiona Allanah Caroline, Jillian H.C. J.B.
Jackson Patrick Elaine, Marie L.S. J.B.
Simon Colin Yvette, Jamal S.R. J.B.
Olympia Penelope Alexander, Jeremiah H.C. J.G.
Andrew Maddie Danielle, Nicole L.S. J.G.
Connor Braden Leanne, Suzanne S.R. J.G.
Grant Miles Tayo, Cora H.C. R.D.
Aiden Hunter Philippe, Renee L.S. R.D.
T.J. Dalton J.R., Renee S.R. R.D.
Kahlan Jesse Denise, Renee H.C. S.C.
Max Blake Jamie, Patrick L.S. S.C.
Clara Kirsten Marie, Yvette S.R. S.C.
Jesse Duncan Denise, Renee H.C. S.T.
Blake Sam Patrick, Jamie L.S. S.T.
Jackie Sydney Elaine, Michelle S.R. S.T.
Ibrahim Bathsheba Phineas, Eferhard H.C. T.W.
Alex Phoebe Annette, Leanne L.S. T.W.
Dante Simon Jamal, Roseanne S.R. T.W.

Nine Voices, 8.5-Month-Olds
Jade Claire Mason, Cora H.C. 9 voices
Zachariah Marianna Olympia, Penelope H.C. 9 voices
Claire Greg Cora, Tayo H.C. 9 voices
Mia Lily Shereen, Suzanne H.C. 9 voices
Micah Grayson Renee, Denise H.C. 9 voices
Keira Mason Renee, Denise H.C. 9 voices
Bug Greg Mason, Kira H.C. 9 voices
Kira Mason Denise, Renee H.C. 9 voices
Micah Grayson Renee, Denise H.C. 9 voices
Nicholas Christopher Maryanne, Gabrielle L.S. 9 voices
Aiden Hunter Philippe, Renee L.S. 9 voices
Abby Gavin Renee, Philippe L.S. 9 voices
Patrick Jamie Marade, Elaine L.S. 9 voices
Henry Spencer Nicole, Jolene L.S. 9 voices
Ryan Nora Marie, Elaine L.S. 9 voices
Isabella Alexandria Angelica, Penelope L.S. 9 voices
James Blake Patrick, Ryan L.S. 9 voices
Alex Phoebe Annette, Leanne L.S. 9 voices
Bridget Sena Suzanne, Leanne S.R. 9 voices
Mason Larkin Michelle, Elaine S.R. 9 voices
Larkin Mason Elaine, Michelle S.R. 9 voices
Sena Bridget Leanne, Suzanne S.R. 9 voices
Rosie Katie Michelle, Elaine S.R. 9 voices
Zach Fred Simon, Dalton S.R. 9 voices
Piglet Dalton Rene, J.R. S.R. 9 voices
Fe-fe Jo-jo Rene, J.R. S.R. 9 voices
Chase Zach Dalton, Simon S.R. 9 voices

Reversed Single Voice, 5-Month-Olds
Sarah Devon Norit, Tamar M.H. A.T. reversed
Ethan Cassie Babette, Adelle J.A. A.T. reversed
Sweetheart Puddin’ Elaine, Marade L.S. A.T. reversed
Annabelle Tabitha Meira, Hadassah M.H. B.W. reversed
Josh Paul Ethan, Kevin J.A. B.W. reversed
Max James Nora, Ryan L.S. B.W. reversed
Will Grace Maya, Jacob M.H. I.H. reversed
Katerina Elliana Ezekial, Penelope J.A. I.H. reversed



836    NEWMAN

APPENDIX (Continued)

Foils Speaker
Target  Stress-Matched  Nonmatched  Target  Background

Reversed Single Voice, 5-Month-Olds (Continued)
Max Sam Jamie, Patrick L.S. I.H. reversed
Ian Darcy Eileen, Simone M.H. J.B. reversed
Matthew David Denise, Jeanine J.A. J.B. reversed
Max Sam Ryan, Nora L.S. J.B. reversed
Hannah Chesney Simone, Eileen M.H. J.G. reversed
Gabby Robert Purnell, Khalil J.A. J.G. reversed
Sam Max Nora, Ryan L.S. J.G. reversed
Lydia Cameron La’Asia, Ayonte M.H. R.D. reversed
Verlyn Milan Charlie, Phillip J.A. R.D. reversed
Aidan Hunter René, Phillippe L.S. R.D. reversed
Will Grace Jacob, Maya M.H. S.C. reversed
Nicholas Jonathan Allana, Melissa J.A. S.C. reversed
Phoebe Alex Leanne, Akhil L.S. S.C. reversed
Matthew Sarah Tamar, Norit M.H. S.T. reversed
Frankie Jarred Earline, Babette J.A. S.T. reversed
Gabrielle Maryann Chrisopher, Nicholas L.S. S.T. reversed
Sarah Matthew Tamar, Norit M.H. T.W. reversed
Charlie Phillip Verlyn, Milan J.A. T.W. reversed
Alex Phoebe Annette, Leanne L.S. T.W. reversed

Note—Target names in bold also occurred as a foil for another child in the same 
condition.

(Manuscript received January 14, 2008; 
revision accepted for publication December 6, 2008.)
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