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Abstract

Infants must learn to discriminate between individuals in order to
determine who is familiar (and likely to provide their basic needs) from those who
are unfamiliar (and possibly a threat to their survival). One cue that humans use to
discriminate others is the unique sound of each individual’s voice. Until the
present thesis, little research existed on the topic of voice discrimination
development during infancy. I conducted the first set of studies to investigate
whether voice discrimination develops through a process of perceptual
narrowing. Perceptual narrowing is defined as an experience-dependent increase
in sensitivity to distinctions important in the native environment and a decrease in
sensitivity to distinctions not important (often foreign to) the native environment
across the first year. It has been described in previous research for the processing
of a number of socially-relevant stimuli in the auditory (e.g., musical rhythms and
pitches, linguistic phonemes) and visual (e.g., faces) domains. In Chapter 2, I
provide the first evidence that narrowing occurs for voice discrimination, with
infants specializing for the discrimination of native (human, English-speaking)
over foreign (rthesus monkey) vocalizations between 6 and 12 months. In Chapter
3, I establish that the specialization demonstrated in Chapter 2 resulted primarily
from familiarity with the vocalization from the human species, rather than the
particular language spoken. In Chapter 4, I show that sensitivity to distinctions

between monkey voices can be reinstated at 12 months of age, after narrowing has
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taken place, with two weeks of exposure to monkey voices. Together, these
findings indicate that infants become attuned to individual distinctions between
human voices by the end of their first year, but that plasticity remains such that
sensitivity to distinctions between voices from rarely-heard species can be

reinstated with exposure, at least until the end of the first year.
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CHAPTER 1: Introduction

It is important for infants to be able to discriminate among (i.e., tell apart
or identify) individuals in order to determine for example, which individuals are
familiar (and likely to provide items essential to their survival, such as food,
shelter and protection), and which are unfamiliar and potentially dangerous or
unresponsive to their needs. Such evaluations of identity enable infants to decide
whom to approach and from whom to withdrawal, both in an emotional (e.g.,
crying versus smiling) or physical (movement towards versus away from) sense.
It is therefore important that infants learn about the characteristics that uniquely
identify individual people. One cue that is used by humans, as well as some non-
human primates such as rhesus monkeys (Rendall, Rodman & Emond, 1996) and
baboons (Rendall, Notman & Owren, 2009), to differentiate and identify group
members is the unique sound of an individual’s voice. This is a particularly
important cue when discriminating between individuals who cannot be seen by
the listener (e.g., are behind the listener or are on the telephone). Indeed, the
human voice contains many perceptual cues to a speaker’s identity, such as their
age, size, and gender (Smith & Patterson, 2005). Many of these cues arise from
formants, or vocal tract resonances, which reflect differences across individuals in
vocal tract length and shape (e.g., Bachorowskia & Owren, 1999; Fitch, 2000).
However, the range of such cues differs for human and non-human voices because

of fundamental differences across species in vocal tract length and shape (e.g.,
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Fitch, 2000). If discriminating humans by voice is important for infants, one
might expect that with increasing experience with human voices, infants become

specialized for differentiating human voices.

In the present thesis, I examined the role of learning and experience in the
development of the ability to individuate human compared to rhesus macaque
(Macaca mulatta) vocalizations. I tested 6-month-old, 12-month-old, and adult
humans in order to address three main questions for which the answers were
unknown previously. First, does the development of voice discrimination follow a
pattern of perceptual narrowing (i.e., a process through which perceptual
discrimination becomes better for discriminating stimuli in one’s environment,
and worse at discriminating stimuli from foreign environments) during the first
year after birth? Second, if perceptual narrowing does indeed occur, what is the
timeline of this narrowing? And third, can experience with voices from foreign
species improve the ability to discriminate foreign-species voices once narrowing
has occurred? My results provide evidence that perceptual narrowing does occur
in infants’ ability to discriminate voices, and that this narrowing occurs largely
between 6 and 12 months of age. Specifically, during this time period, infants
become significantly less sensitive to individuating characteristics of rhesus
monkey voices and marginally more sensitive to individuating characteristics of
human voices, such that at 12 months there is a robust superiority for

discriminating human over rhesus monkey voices. Furthermore, I provide
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evidence that indicates that the voice-processing system remains plastic at 12
months such that two weeks of exposure to rhesus monkey voices can reinstate

sensitivity to characteristics of individual monkey voices.

Perceptual Narrowing During the First Year

There is a great deal of evidence demonstrating that, during the first year
after birth, infants’ processing of important distinctions in socially-relevant
stimuli, such as faces, language and music, follows an experientially-driven
process of perceptual narrowing (for reviews see Lewkowicz & Ghazanfar, 2009;
Scott, Pascalis & Nelson, 2007). Perceptual narrowing refers to a process by
which, during the first months after birth, young infants are sensitive to important
distinctions in both native and foreign stimuli, but become increasingly sensitive
to native distinctions and decreasingly sensitive to foreign distinctions as they
progress toward the end of their first year. For example, 6-month-old infants
discriminate between two faces from a foreign- (monkey) species as easily as
between two faces from their native- (human) species, but 9-month-old infants,
like adults, are much better at human compared to monkey face discrimination
(Pascalis, de Haan & Nelson, 2002). Trehub (1976) was the first researcher to
show that young infants (1 to 3 months of age) show equal ability to discriminate

foreign and native stimuli, in this case phonemes, and hypothesize that
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specialization for native (phonetic) stimuli in adulthood might result from a
process of perceptual narrowing, where exposure to one’s native language leads to
a loss in ability to process distinctions in a foreign language. This idea was
popularized in a classic study by Werker & Tees (1984). Over the last four
decades, perceptual narrowing has been observed in the auditory and visual
domains during the processing of a number of socially-relevant stimuli, including
faces (Kelly et al., 2007; Pascalis et al., 2002; Simpson, Varga, Frick, & Fragaszy,
2010), intersensory (face/voice) stimuli (Lewkowicz & Ghazanfar, 2006; Pons,
Lewkowicz, Soto-Faraco, & Sebastian-Gallés, 2009), linguistic phonemes, or
speech-sound categories (Palmer, Fais, Michnick Golinkoff & Werker, 2012;
Kuhl at al., 2006; Kuhl, Williams, Lacerda, Stevens & Lindblom, 1992; Polka &
Werker, 1994; Tsao, Liu, Kuhl & Tseng, 2000; Werker & Tees, 2005; for reviews
see Curtin & Werker, 2007; Kuhl, 2004, 2008), musical rhythms and scales
(Hannon & Trainor, 2007; Hannon & Trehub, 2005a, 2005b; Lynch, Eilers, Oller,
& Urbano, 1990; Trainor 2005; Trehub & Hannon, 2006), and, more recently, the
processing of American sign language (Palmer et al., 2012) and dynamic human
actions (Loucks & Sommerville, 2012). For this reason, perceptual narrowing has
been proposed to be a domain-general mechanism of infant learning (Scott et al.,

2007).

Despite the importance of identifying and discriminating individuals by

voice, it is unknown whether the development of voice discrimination follows a
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pattern of perceptual narrowing similar to that found during the processing of
other socially-relevant stimuli and the degree to which sensitivity to individual
distinctions in foreign voice types remains plastic during the first year after birth.
This issue is the focus of the present thesis. As background, here I describe
evidence of perceptual narrowing during the discrimination of stimuli from the
visual (e.g., faces) and auditory (e.g., language and music) domains. I then discuss
some of the proposed mechanisms supporting perceptual narrowing during
development. Next, I review what is known about infants’ ability to process
distinctions in voices. Finally, | summarize the literature pertaining to the effects

of experience at different ages on the narrowing process.

a) Perceptual Narrowing During Face Perception

As with voices, the unique characteristics of faces (e.g., eye shape, featural
configuration, skin texture and colour) can be used to differentiate individuals
(Carroo, 1987; Haxby, Hoffman, & Gobbini, 2002; Kaminski, Dridi, Graff, &
Gentaz, 2009; Nelson & Ludemann, 1989; Schultz, 2005). Numerous studies
provide evidence that adults differentiate between faces of individuals from their
own race more easily than between individuals from another race, a phenomenon
termed the “other race effect” (ORE) (for a review see Meissner & Brigham,
2001). For example, Caucasian adults demonstrate an ORE, in that they are more

accurate at recognizing Caucasian, compared to African American or Japanese
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faces (Chance, Goldstein & McBride, 1975). African American adults also
demonstrate an ORE, in that they are more accurate at recognizing African
American than Caucasian or Japanese faces (Chance, Goldstein & McBride,
1975). Adults have also been shown to differentiate between faces of individuals
from their own species more easily than between faces of individuals from
another species. For example, Pascalis and Bachevalier (1998) found that human
adults are superior at discriminating between human compared to rhesus monkey
faces. However, this advantage for own-race and own-species face individuation
is not present early in infancy. Infant studies using behavioural (e.g., Kelly et al.,
2007, 2009; Pascalis et al., 2002; Simpson et al., 2010) and EEG (e.g., de Haan,
Pascalis & Johnson, 2002; Scott, Shannon & Nelson, 2006; Scott & Monesson,
2010) methodologies reveal that 3-month-olds discriminate between foreign faces
as easily as between native faces, but that an advantage for native face processing
is developing noticeably at 6 months and is largely in place by 9 months of age.
For example, Kelly et al. (2007) used visual paired-comparison (VPC) (a task that
capitalizes on an infant’s preference for novel stimuli by comparing the amount of
time they spend looking at a novel object following familiarization with the object
with which it is paired) to test 3-, 6-, and 9-month-old Caucasian infants’ ability
to discriminate faces. The faces were presented at various vantage points ranging
from left to right and fell within other-race (African, Chinese, and Middle

Eastern) or own-race (Caucasian) groups. Although the 3-month-olds
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discriminated the faces successfully in all race groups, the 6-month-olds provided
evidence of discriminating only Chinese and Caucasian faces, and the 9-month-
olds only Caucasian faces. A similar effect was found when Chinese infants were
tested on discrimination of Chinese, African and Caucasian faces. Three-month-
olds provided evidence of discriminating faces from all races, 6-month-olds only
Chinese and Caucasian faces, and by 9 months of age, evidence of discrimination
was limited to faces from their own race (Kelly et al., 2009). A comparable
pattern of narrowing has been found for the processing of own- and other-species
faces during infancy. Pascalis et al. (2002), also using the VPC task, tested infants
and adults on their ability to distinguish between individual human or individual
monkey faces that were in a forward-facing orientation. Six-month-olds
discriminated faces within both species with equal ability, but 9-month-olds and
adults demonstrated a clear advantage for human face discrimination. Face
processing abilities during infancy have also been examined in an intersensory
context and, interestingly, the ability to match silently-articulating dynamic faces
to vocalizations also follows a pattern of perceptual narrowing. Specifically, at 6
months of age, intersensory (face/voice) matching is language- and species-
general, but becomes specialized for one’s native language and species by 8 to 11
months of age (Lewkowicz & Ghazanfar, 2006; Pons et al., 2009). Lewkowicz
and Ghazanfar (2006) tested the ability of 4-, 6-, 8- and 10-month-old infants to

match foreign-species (rhesus monkey) vocalizations to videos of monkeys
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making these calls. Infants were shown two silent videos side-by-side (one of a
monkey producing a “coo” call and one of the same monkey producing a “grunt”
call). They were then played either a “coo” or “grunt” vocalization and their
looking time to each face was measured. At 4 and 6 months of age, but not at 8
and 10 months, infants looked longer at the monkey face that matched the
vocalization being played. A similar result was found between 6 and 11 months of
age for matching of foreign-language vocalizations to a silently-articulating
dynamic human face (Pons et al., 2009). Pons and colleagues (2009) measured
English- and Spanish-learning infants’, and well as Spanish adults’, ability to
match the auditory English phonemes /ba/ and /va/ to a silent dynamic face
articulating either the /ba/ or /va/ phoneme. Results showed evidence of
narrowing in that the Spanish 6-month-olds were like the English infants at 6 and
11 months in that they could match the audible and visible English phonemes
successfully. However, at 11 months and extending into adulthood, the Spanish
participants no longer demonstrated intersensory matching for the foreign
phonemes. In sum, perceptual narrowing for the processing of facial stimuli
appears to begin between 3 and 6 months of age, and the specialization for native

face-types is fully present by 9 to 11 months of age.
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b) Perceptual Narrowing During Language Perception

Perceptual narrowing for the ability to discriminate individuals by voice
has not yet been examined, but much research has investigated perceptual
narrowing for the speech-sound (phonemic) categories used in different languages
around the world. Different languages use somewhat different phonemic
categories. For example, the English language contrasts /r/ and /1/ categories,
while in Japanese these sounds form one category. On the other hand, English
does not distinguish between the retroflex /T/ and dental /t/ that are used by Hindi
and other South Asian languages (Werker & Tees, 2005). Adults demonstrate a
well-developed advantage for native phoneme processing. They have difficulty
discriminating between phonemes that fall into two categories in a foreign
language but only one category in their native language. At the same time, they
discriminate with ease phonemic contrasts that fall into two categories in their
native language (Best, McRoberts, LaFleur, & Silver-Isenstadt, 1995; Kuhl, 1998;
Kuhl et al., 2006; Werker & Lalonde, 1988; Werker & Tees, 1984, 2005; Werker
et al., 2007). For example, Werker, Gilbert, Humphrey, and Tees (1981)
demonstrated that English-speaking adults have difficulty discriminating between
the Hindi retroflex /T/ and dental /t/ contrast, as sounds in both of these categories
fall into the /t/ category in the English language; yet the adults were successful in
discriminating between the /b/ - /d/ contrast, which falls into two separate

categories in the English language. A large body of evidence shows that the
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advantage for distinguishing native, compared to foreign, phonemic contrasts is
developed through a process of perceptual narrowing (for reviews see Curtin &
Werker, 2007; Kuhl, 2004, 2008). For consonant contrasts, an advantage for
distinguishing native compared to foreign phonemic categories is absent at 6
months of age, but in place by 10 to 12 months of age (e.g., Best et al., 1995;
Kuhl, 1998; Kuhl at al., 2006; Tsao et al., 2000; Werker & Lalonde, 1988; Werker
& Tees, 1984, 2005; see Werker & Tees, 1999; Lewkowicz & Ghazanfar, 2009
for review). For example, Werker and Tees (1984) examined infants’ ability to
discriminate consonant sound categories using a Conditioned Head Turn (CHT)
procedure. In this procedure, infants are taught to turn their head in response to a
change from one category to another. The authors found that although 6- to 8-
month-old English-learning infants could discriminate between the Hindi retroflex
/Ta/ and dental /ta/, by 10 to 12 months of age infants no longer provided
evidence of doing so. Similarly, declines in the ability to perceive distinctions
such as those between the Hindi retroflex-dental /Da/-/da/ (Werker & Lalonde,
1988) and the Nthlakampx (an interior Salish language spoken by indigenous First
Nations [i.e., aboriginal] people of Canada in the province of British Columbia)
ejective categories /k’ce/ - /q’ce/ (Best et al., 1995) have been reported for
English-learning infants, and a decline in the ability to perceive the English /ra/-
/la/ distinction has been reported in Japanese-learning infants (Kuhl, 1998). On

the other hand, the ability to discriminate vowel contrasts appears to narrow

10
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considerably earlier in development than for consonant contrasts, and is already
evident by 6 months of age (Kuhl, 2004; Kuhl et al., 1992; Polka & Werker,
1994). For example, using the CHT procedure, Polka & Werker (1994) found that
although 4-month-old English-learning infants can discriminate between vowel
contrasts used in German (dYt/DuT) and English (dit/dat), 6- to 12-month olds
provide no evidence of being able to distinguish the foreign contrast. Also, a
“perceptual magnet effect” (treating exemplars within a category differently
depending on how similar they are to the prototype of that category) is
demonstrated at 6 months of age for native-, but not foreign-, language vowel
categories (Kuhl et al., 1992). In sum, perceptual narrowing is well in progress by
6 months of age for vowels, but not clearly observed until 10 to 12 months of age

for consonants.

¢) Enculturation to Musical Rhythm and Pitch

Music is another human communication system for which perceptual
narrowing has been examined. The structure of musical rhythm (patterns of beat
durations) and meter (perceptually derived regular patterns of strong and weak
beats) differs across cultures (see Geiser, Ziegler, Jancke & Meyer, 2009 for
further definitions of rhythm and meter). North American traditional classical and
popular music typically has a simple metrical structure. For example, a march

rhythm has alternating accented and unaccented beats that produces a simple time
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ratio of 2:1. A waltz has every third beat accented to produce a ratio of 3:1. On the
other hand, Bulgarian folk music often contains complex ratio durations, such that
a repeating 5-beat grouping would be divided into smaller groups of 3 and 2 beats,
resulting in ratios of 3:2 or 2:3 (Hannon & Trehub, 2005a). Research by Hannon
and Trehub (2005a, 2005b) suggests that perceptual narrowing occurs during the
development of sensitivity to musical rhythms, with infants becoming specialized
for their native musical system by 12 months of age. For instance, Hannon &
Trehub (2005a, 2005b) used a familiarize-preference procedure (where infants
controlled how long they listened to structure - preserving verses structure-
violating rhythms) to demonstrate that 6-month-old North American infants
distinguish violations in both simple (American-typical) and complex (Bulgarian-
typical) rhythms In both cases, the infants demonstrated a novelty preference,
choosing to listen to the structure-violating versions of the rhythms for longer
durations than the structure-preserving rhythms. However, 12-months-olds and
adults from North America detected successfully only the violations in the simple,
American-typical rhythms.

Similar to the rhythmic structures of music, musical scales also differ
across cultures. Different musical systems divide the octave into different
intervals (pitch distances between notes). These notes form scales from which
music is composed. In Western traditional classical musical structure, scales

contain a subset of all available musical notes (e.g., of all 12 available notes per
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octave in Western classical music: A, A sharp (#), B, C, C#, D, D#, E, F, F#, G,
and G#, the C major scale contains only the notes C, D, E, F, G, A, and B;
Aldwell, Schachter & Cadwaller, 2011). Specialization in the form of perceptual
narrowing for native musical scale structure appears to be established somewhat
later than for the processing of rhythmic structure (Lynch et al., 1990; Trainor &
Trehub, 1992), although definitive studies have yet to be done. For example,
Trainor and Trehub (1992) showed that 8-month-olds were equally good at
detecting changes in melodies that violated Western music scale structure as
changes that did not, but adults were much better at detecting changes that
violated Western structure. In some conditions, infants actually performed better
than adults. Similarly, Lynch, Eilers, Oller and Urbano (1990) found that
musically untrained Western adults were better at detecting mistunings in
sequences based on the native major scale compared to the foreign pelog scale,
where Western 6-month-olds were equally good at both, although with very
simple stimuli. Thus, some processing advantages for major over pelog scales
have been reported at 6 months of age (Lynch & Eilers, 1992). However, because
a crossover design that tests both infants exposed only to Western major scales
and infants exposed only to pelog scales has not yet been done, it remains unclear
as to whether this is due to learning or intrinsic differences in the difficulty of
processing major and pelog scale structure regardless of familiarity. That learning

is involved in acquiring sensitivity to musical tonality comes from a study
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showing that when participating in active musical training, 12-month-old infants
from North America demonstrate knowledge of Western tonality whereas 12-
month-old infants, also from North America but not receiving this training, do not
(Gerry, Unrau, & Trainor, 2012; Trainor, Marie, Gerry, Whiskin, & Unrau, 2012).
In any case, the advantage for native musical scale is present clearly for most
children regardless of musical training by preschool age (Corrigall & Trainor,
2010; Trainor & Trehub, 1994, for reviews see Hannon & Trainor, 2007; Trainor
& Corrigall, 2010; Trainor & Unrau, 2012). In sum, there is no evidence to date of
perceptual narrowing for musical stimuli until after 6 months of age. However,
substantially fewer studies have been done in the domain of music compared to
the domains of language and face processing. While narrowing appears to occur
between 8 and 12 months of age for the processing of musical rhythmic structure,
narrowing for the processing of musical scale structure does not appear to occur
until after 8 months of age. At 12 months, infants receiving music training do
exhibit a bias for their native scale. However, without such training, this bias
generally has not been documented until the preschool years. These findings may
speak to the role of the amount and type of exposure in facilitating the perceptual
narrowing process, as many infants are exposed to music less regularly than to

language and faces in their native environment.
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d) Mechanism of Perceptual Narrowing and Summary

Perceptual narrowing occurs across a number of important auditory and
visual domains, leading to the hypothesis that it reflects a general developmental
learning mechanism that enables the infant brain to capture distinctions that are
critical in its environment. Three neural models have been proposed to explain
perceptual narrowing (see Lewkowicz & Ghazanfar, 2009, Box 2). The first
model proposes that perceptual narrowing is driven chiefly by a process of
synaptic ‘pruning’, whereby an initial overproduction of neural connections is
followed by selective elimination of connections that receive insufficient
stimulation (Black, Jones, Nelson & Greenough, 1998; Changeux & Danchin,
1976; Cowan, Fawcett, O'Leary & Stanfield, 1984; Goldman-Rakic, 1987;
Huttenlocher, 1979; Low & Chen, 2006; Scott et al., 2007; Webb, Monk, &

Nelson, 2001).

The second model postulates that neural elaboration (i.e., creation of new
neural connections), rather than attenuation, drives perceptual narrowing. Support
for the neural elaboration model comes from animal studies showing that there is
continued growth of the non-human rhesus monkey brain long after birth
(Bourgeois & Rakic, 1993; Purves, White & Riddle, 1996), and that there is no
evidence of an overproduction of neural connections during early development in

certain areas of the ferret (e.g., visual cortex) and rodent (e.g., somatosensory

15



Ph.D. Thesis - R. H. Friendly; McMaster U. - Psychology, Neuroscience & Behaviour

cortex) brains (Agmon, Yang, O’Dowd & Jones, 1993; Quartz & Sejnowski,
1997). Note that these two models do not appear to be mutually exclusive. For a
number of mammalian species (including humans) there is evidence suggesting
that pruning follows elaboration during neural development (e.g., Bourgeois,
1997; Sowell et al., 2003). However, observed changes in grey matter (GM) and
white matter (WM) volumes during development suggest that elaboration might
play a larger role than pruning during the first year after birth, when perceptual
narrowing generally occurs (e.g., Giedd et al., 1999; Gilmore et al. 2007, 2011;

Knickmeyer et al., 2008; see Chapter 5 for further discussion on this point).

The third model suggests that perceptual narrowing could be driven by a
shift in the brain regions that are activated during processing during the first year
after birth (Vogel, Monesson & Scott, 2012). This idea is supported by a study in
which event-related potentials (ERPs) were recorded during 5- and 9-month-olds’
processing of emotional native- and foreign-race faces, as well as emotional, non-
verbal voices (Vogel et al., 2012). Results provide evidence of a shift, for the
most part, from brain areas related to attention to those related to perception
between 5 and 9 months of age, a time frame during which infants also develop
advantages for processing matches between emotional native-race faces and
voices. Again, it should be noted that these models are not necessarily mutually
exclusive, but this short review makes it clear that little is known about the brain

processes underlying perceptual narrowing.
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In summary, perceptual narrowing during the first year after birth has been
documented for a number of socially-related stimuli within the auditory and visual
domains, including faces, language and music. Generally, specialization for
processing native distinctions has been found to occur between 6 to 12 months of
age, though earlier narrowing has been documented for faces and vowels than for
consonants or for musical pitch and rhythm. However, it is unknown whether the
socially-relevant ability to discriminate individuals by their voices also narrows
during the first year after birth. In fact, very little is known about the development
of voice discrimination abilities during infancy, even though there have been a
number of studies investigating voice processing abilities in general during this

time period.

Voice Processing During Infancy

Virtually nothing is known about whether the ability to distinguish
individuals by voice undergoes a process of perceptual narrowing during
development. However, a number of studies have investigated infants’ perception
of voices, in general. Many of these studies examined the ability of infants to
discriminate an unfamiliar voice from a familiar (parental) voice. For example,
measures of changes in fetal heart rate in response to different voices

demonstrated that fetuses close to term (between 37 to 42 months gestational age)
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of Chinese women can discriminate the voice of their mother from that of an
unfamiliar female (Kisilevsky et al., 2003). Studies examining differences in
sucking rates on a nonnutritive nipple have demonstrated that newborn infants can
discriminate infant-directed speech produced by their mother from that produced
by a female stranger, showing a preference for their mother’s voice (DeCasper &
Fifer, 1980; Mehler, Bertoncini, Barriere, & Jassik-Gerschenfeld, 1978; Spence &
Freeman, 1996) and that newborns can discriminate (but do not show a preference
for) their father’s voice compared to the voice of an unfamiliar male (DeCasper &
Prescott, 1984). Few studies have examined the identification or discrimination of

unfamiliar voices in infancy.

One question concerns cues that are used to tell apart individuals by voice.
Adult studies suggest that the voices of adult humans differ in a number of ways
that lead to perceived differences in vocal timbre or voice quality, including vocal
tract size and shape (e.g., Fant, 1973; Peterson & Barney, 1952), dialect (e.g.,
Byrd, 1992), articulatory habits unique to an individual such as intonational,
rhythmic and intensity variations (e.g., Endres, Bambach & Flosser, 1971; Klatt,
1986), glottal characteristics dictated largely by the properties of the vocal folds
(e.g., Klatt & Klatt, 1990), and voice-onset-time [VOT] (e.g., Allen, Miller &
DeSteno, 2003). In contrast, much less is known about the cues that infants use to
individuate human voices. There is evidence to support the idea that English-

learning infants are sensitive to distinctions in VOT (at least for synthetic voices)
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at 6 to 11 months of age (Aslin, Pisoni, Hennessy & Perey, 1981), suggesting that
they might be able to use VOT as a cue for individuating voices. However, much
more research is needed to understand what cues infants might be using to

individuate the voices of others.

A second question related to the perception of unfamiliar voices concerns
how this ability develops during infancy. Lecanuet, Granier-Deferre, Jacquet,
Capponi, and Ledru (1993) have demonstrated, by measuring changes in heart
rate during the presentation of voices, that the fetus at 36 to 39 months gestational
age can discriminate an unfamiliar male voice from an unfamiliar female voice.
Newborn infants have also been found, using nonnutritive sucking, to prefer
unfamiliar voices speaking their native language to those speaking foreign
languages (Mehler et al., 1988; Moon, Panneton Cooper & Fifer, 1993). Recently,
Johnson, Westrek, Nazzi, and Cutler (2011) conducted the first study to examine
infants’ discrimination of unfamiliar voices of the same sex. Using a visual
fixation procedure, where infants’ looking time to a novel voice is compared to
that for a voice to which they were familiarized, they demonstrated that Dutch-
learning 7-month-old infants exhibited an own-language effect when processing
voices. In other words, these infants were able to discriminate between the voices
of two unfamiliar women speaking sentences in Dutch, but they showed no
evidence of being able to discriminate between unfamiliar women speaking

sentences in foreign languages (Italian or Japanese). However, Johnson et al. did
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not examine infants younger than 7-months of age in order to determine when in
infancy this native-language voice bias develops. Specifically, they did not
investigate whether the specialization for native-language voice discrimination
might develop through a process of perceptual narrowing. That is, they did not
investigate whether discrimination is initially as good for two foreign voices as it
is for two native voices, but becomes better for native than foreign voices by the
end of the first year after birth. Furthermore, very little is known as to whether
infants specialize solely for only own-language voices, or if they also specialize
for the unique acoustic qualities of human voices in general, regardless of the

language spoken. This question is the focus of the present theses.

In the following chapters, I describe the first set of studies to investigate
whether perceptual narrowing occurs during the development of voice
discrimination during infancy. Specifically, because my primary interest was the
individuation of human voices in general, rather than of the voices of one’s own
language in particular, in Chapter 2, I compared human 6-month-olds’, 12-month-
olds’ and adults’ discrimination of native-species (human) voices to their
discrimination of phylogenetically close foreign-species (rthesus monkey) voices.
In other words, monkey voices were chosen as the foreign category because
monkeys’ vocal anatomy has some similar qualities to that of humans but monkey
voices are never or rarely heard in our participants’ native environment. Results

revealed a developmental pattern similar to the perceptual narrowing observed in
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other domains. Between 6 and 12 months of age, I found evidence that infants’
ability to discriminate between two rhesus monkey voices decreased significantly,
while their ability to discriminate between two human, English-speaking voices
increased marginally, leading to a robust superiority for discriminating human

over monkey voices by 12 months of age.

In Chapter 3, I examined whether the findings from Chapter 2 might result
in part to familiarity with the English language used in my human voice stimuli
by testing the ability to discriminate among human and among rhesus monkey
voices cross-culturally. In collaboration with a colleague in China, we tested how
well a population of adults with limited or no English exposure would be able to
tell apart the human (English) voices as well as the monkey voices. The results
suggest that the effects were driven by familiarity with human species voices in
general, although there may also be some effect of language familiarity on voice

discrimination ability in adults.

In Chapter 4 of the present thesis, I examined the effects of exposure on
the development of voice discrimination around 12 months of age, after
perceptual narrowing has occurred. This study stemmed from a substantial body
of research demonstrating that there is a great degree of plasticity at this age in

other domains. The literature on exposure effects is reviewed below.
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Effects of Exposure for Foreign Stimuli on Perceptual Narrowing

A number of studies have examined the effects of exposure on perceptual
narrowing across several domains (e.g., Anzures et al., 2012; Burns, Werker &
McVie, 2003; Hannon & Trehub, 2005b; Kuhl, Tsao & Liu, 2003; Pascalis et al.,
2005; Scott & Monesson, 2009, 2010). These studies reveal that sensitivity to
foreign distinctions is greatly influenced by the timing and type of exposure to
foreign stimuli. Nearly 30 years ago, Brigham and Malpass (1985) proposed the
contact hypothesis, the idea that experience might play a crucial role in the
specialization observed for own-race faces in adults. More recently, research on
infants has demonstrated that a brief period of exposure to foreign stimuli during
the first year can maintain, or prevent the loss in, sensitivity to distinctions in
these foreign stimuli that would otherwise be lost (e.g., Burns et al., 2003;
Pascalis et al., 2005; Scott & Monesson, 2009). Exposure to foreign stimuli at the
end of the first year can reinstate sensitivity previously seemingly lost (e.g.,
Anzures et al., 2012; Hannon & Trehub, 2005b; Kuhl et al., 2003). Pascalis et al.
(2005) provide evidence that 9-month-old infants maintain the ability to
discriminate novel monkey faces after receiving regular exposure to a set of
monkey faces for a 3-month period (2 minutes every day for 2 weeks, then less
frequently the following 2.5 months) when the infants were between 6 and 9
months of age. On the other hand, Kuhl et al. (2003) provide evidence of

reinstatement, showing that, even though English-learning infants typically lose
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their sensitivity to Mandarin phonemic contrasts that are not found in the English
language by 10 months of age, their sensitivity to these contrasts can be regained
after a 4-week period (which included 12 sessions, each 25 minutes in duration)
of interaction with Mandarin-speaking adults. Sensitivity to foreign musical
rhythmic structure also has been successfully reinstated in 12-month-olds after 2
weeks of twice-daily exposure to a 10-minute CD (Hannon & Trehub, 2005b),
and sensitivity to distinctions in foreign-race faces was regained in 8- to 10-
month-olds after 3 weeks of daily 4-minute DVD exposure to other-race faces

(Anzures et al., 2012).

It is important to note that there is evidence supporting the idea that the
timing of exposure plays an important role in the plasticity of the ability to
process foreign distinctions. A number of studies suggest that exposure to foreign
stimuli in older childhood can increase sensitivity to distinctions in these foreign
stimuli (e.g., Feinman & Entwisle, 1976; Macchi Cassia, Kuefner, Picozzi &
Vescovo, 2009; Sangrigoli, Pallier, Argenti, Ventureyra & de Schonen, 2005;
Wang & Kuhl, 2003) and there is similar evidence from adulthood (e.g., Bradlow,
Akahane-Yamada, Pisoni & Tohkura, 1999; de Heering & Rossion, 2008;
Iverson, Hazan & Bannister, 2005; Kuefner, Macchi Cassia, Picozzi & Bricolo,
2008; McCandliss, Fiez, Protopapas, Conway, & McClelland, 2002; Pruitt,
Jenkins & Strange, 2006; Scott, Tanaka, Sheinberg & Curran, 2006, 2008; Tees &

Werker, 1984; Zhang et al., 2009). In adulthood, this exposure is particularly
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effective in people exposed previously to the stimuli during infancy or childhood
(e.g., Lenneberg, 1967; Macchi Cassia et al., 2009; Newport, Bavelier & Neville,
2001; Oh, Au & Jun, 2010; Sangrigoli et al., 2005; Tees & Werker, 1984),
especially if the training stimuli are numerous and highly variable (Zhang et al.,
2009) and if stimulus distinctions are exaggerated (McCandliss et al., 2002).
However, the effectiveness of exposure generally decreases with increasing age,
such that adults rarely, if ever, demonstrate an ability to process foreign
distinctions at a level similar to their native distinctions (e.g., Flege, Yeni-
Komshian & Liu, 1999; Hannon & Trehub, 2005b; Iverson et al., 2005;
McCandliss et al., 2002; Takagi, 2002; Takagi & Mann, 1995, for reviews see
Birdsong, 2006; Hernandez & Li, 2007). However, exposure can be very effective
at least up to 9 years of age under some circumstances. Sangrigoli et al. (2005)
demonstrated native-like levels of Caucasian-face discrimination in Korean adults
who were adopted by Caucasian (French) families between 3 to 9 years of age. On
the other hand, Korean adults, who have no exposure to their first language
following adoption by French families in childhood, have difficulty processing
Korean in the same manner as French-speaking adults for which Korean is a
foreign language (Ventureyra, Pallier & Yoo, 2004). Furthermore, theses adoptees
show little advantage in the processing Korean phonemes following re-exposure

during trips to Korea (Ventureyra et al., 2004).
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In addition to the timing of exposure, the type of exposure that an
individual receives can also have a large influence on the plasticity of perceptual
narrowing. Exposure at an individual level is crucial in maintaining the ability to
discriminate individual monkey faces at 9 months of age (Archambault,
O’Donnell & Schyns, 1999; Scott & Monesson 2009, 2010; Scott et al., 2006,
2008; Waxman & Braun, 2005). For example, in the training regiment used by
Pascalis et al. (2005), one group of parents showed infants pictures of monkey
faces one at a time, verbally labelling each face with a unique name (e.g., Dario,
Flora, Boris). Using the same procedure, Scott and Monesson (2009) found that
only infants who received this individual-level training maintained sensitivity to
the differences among monkey faces; infants who received category-level (i.e.,
each monkey was labelled “monkey”) or exposure (i.e., monkeys were not
labelled) training showed no evidence of being able to discriminate between
monkey faces at 9 months of age. Scott and Monesson suggested that the
individual-level training was successful in maintaining foreign sensitivity because
it drew infants’ attention to how the monkey faces differed, whereas category-
level training drew their attention to what the faces had in common. Indeed,
Anzures et al. (2012) demonstrated sensitivity to foreign-race faces after exposing
8- to 10-month-olds daily to videos of foreign-race women who introduced
themselves by name. The authors claim that this was done in order to “maximize

individuation between the faces” (pg. 486); however, they did not compare this to
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a condition where the females did not introduce themselves by name, so it is
unclear if individual-level labelling had an effect on reinstatement in this case. To
date, there are no similar studies, to my knowledge, in the auditory domain that
compare the effects of individual- and category-level training on the ability of

humans to process distinctions in speech or voice stimuli.

Social interaction has also been implicated as a potentially important
factor for reinstating sensitivity to foreign distinctions in auditory, linguistic
stimuli. For example, in the aforementioned study by Kuhl et al. (2003),
sensitivity to Mandarin phonemes was reinstated only in a group of 10-month-
olds who interacted with male and female Mandarin speakers. When recordings of
the Mandarin speakers were viewed on a monitor (audio-visual condition) or
heard over speakers (audio-alone condition), 10-month-olds did not learn to
discriminate the Mandarin phonemes, preforming similarly to their untrained
counterparts. In contrast, sensitivity to foreign-race faces was reinstated at 8 to 10
months from audio-visual video exposure (Anzures et al., 2012) and to foreign
musical rhythms at 12-month-old infants simply from audio-alone exposure
(Hannon & Trehub, 2005b).

One caveat in this line of research is a study demonstrating that sensitivity
to foreign-species (monkey) faces actually can be reinstated without a relatively
long period of at home training, but rather with a longer familiarization period at

the time of testing (Fair, Flom, Jones & Martin, 2012). Fair et al. (2012)
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discovered that, although infants at 12 month of age failed to show evidence of
discrimination of unfamiliar monkey faces after a 20s familiarization period, the
12-month-olds did show evidence of discrimination after a 40s familiarization
period. Although this extra familiarization time could be considered a relatively
brief and non-repeated form of training, it certainly raises the question of whether
this extra familiarization time would be sufficient for reinstatement in domains

other than faces. This question requires further exploration.

Although past literature on exposure-effects reveals that sensitivity to
foreign phonetic contrasts, musical rhythms, and foreign-race faces can be
reinstated after perceptual narrowing has occurred, it remains unknown whether
the ability to discriminate foreign voices could also be reinstated. Chapter 4 of the
present thesis begins to address this question by examining whether
discrimination of voices from a foreign species (rhesus monkey) can be re-
established through exposure to monkey voices at around 12 months of age, after
perceptual narrowing has occurred (as shown in Chapter 2). Because of the
potential importance of individual-level encoding demonstrated for training with
monkey faces (Scott & Monesson, 2009), and of the social-interaction context
demonstrated for training with foreign phonemes (Kuhl et al., 2003), parents were
instructed to interact with their infant during training with the monkey voices, and

each individual monkey’s voice was labelled with a unique name. Findings
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revealed plasticity after perceptual narrowing was established, as two weeks of

regular monkey-voice exposure reinstated sensitivity to thesus monkey voices.

Summary: Thesis Outline and Contributions

My thesis is composed of three studies that examine the development of
native- and foreign-species voice discrimination abilities in human infants and
adults. Previous literature has found an own-language voice-discrimination
advantage for infants at 7 months of age, but the discrimination of native
compared to foreign voices has not yet been tested in infants younger than 7-
months of age. Furthermore, the discrimination of human compared to nonhuman

voice types by human participants has not yet been tested.

In Chapter 2, I address this gap in the literature by investigating the ability
of 6-month-olds, 12-month-olds and adults to discriminate native-species (human)
speech and foreign-species (rhesus monkey) vocalizations. My objective was to
determine whether perceptual narrowing occurs for voice discrimination, as
demonstrated by the development of a processing advantage in native-voice, and a
decrement in foreign-voice, discrimination. Foreign distinctions were made at the
species, rather than linguistic, level in order to assess the ability to distinguish
qualities in voices that are unique to humans in general, rather than to speakers of

one’s native language in particular. The results provide evidence that the
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discrimination of voices develops through a process of perceptual narrowing
similar to that observed in other domains. Between 6 and 12 months of age,
infants develop a robust superiority for discriminating human compared to
monkey voices involving a significant decrease in ability to discriminate among
rhesus monkey voices. This is the first study to investigate developmental changes
in the human ability to individuate the voices of two unfamiliar human or monkey
females and to find evidence for perceptual narrowing of voice discrimination
during infant development. Whether this generalizes to male voices remains to be

determined.

In Chapter 3 of the thesis, I address the possible role of language
familiarity for the results presented in Chapter 2. Since the human voice stimuli in
Chapter 2 consisted of English-speaking female voices uttering the English word
“balloon”, the human vocal stimuli were native to the monolingual English-
speaking participants, both in terms of language spoken and species type. My
objective in Chapter 3 was to investigate whether this advantage was driven at
least in part by the species of the vocalizations. To test this, I collaborated with
co-author Hongting Li in China to test the ability of monolingual Mandarin-
speaking adults to discriminate the same human and rhesus monkey vocalizations
that were used in Chapter 2. The results demonstrated that the Mandarin-speaking
adults discriminated individual human voices much more easily than individual

rhesus monkey voices, despite the fact that the human voices were producing
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utterances in a language foreign to them. A secondary finding was the suggestive
evidence for the co-existence of an own language effect during voice
individuation, consistent with Johnson et al. (2011). English-speaking adults were
significantly better than the Mandarin-speaking adults at discriminating the
human (English) voices. Although this poorer performance might be explained by
other differences between the groups such as education level, it suggests that
language might also have an effect. This would be consistent with the face
literature, which shows both native-species and native-race biases in adults for
face processing (see Lewkowicz & Ghazanfar, 2009 for a review). The results of
Chapter 3 suggest that the human-voice processing advantage observed in Chapter
2 by English-speaking adults was driven in large part by familiarity with voices
from one’s native species. These findings are the first to show that humans

become specialized for processing the acoustic structure of the human voice.

In Chapter 4 of the thesis, I investigated the influence of exposure on the
process of perceptual narrowing for voice discrimination. Specifically, I examined
whether a fixed period of exposure to foreign-species (rhesus monkey) voices at
the end of the first year after birth can reinstate 12-month-old infants’ sensitivity
to individual distinctions in this foreign voice type. The results revealed that 12-
month-olds who received two weeks of twice-daily monkey-voice training, in the
form of a CD-narrated storybook containing monkey vocalizations, were much

better at discriminating individual monkey voices than 12-month-olds who did not
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receive training. Furthermore, trained 12-month-olds’ performance was not
significantly different from that of untrained 6-month-olds, suggesting that their
sensitivity to differences in monkey voices was reinstated to a 6-month-old level.
These results highlight the sizeable influence that exposure has on the process of
perceptual narrowing for voice discrimination, even after perceptual narrowing
appears to have occurred. These results also provide evidence that the window of
plasticity for sensitivity to foreign-species voices stays open at least until the end
of the first year. This study is the first to investigate the effects of exposure on the
discrimination of foreign voices during development and the findings add
considerably to our understanding of how people become specialized for
processing differences in the individual voices around them. Importantly, the
results indicate that a period of plasticity remains even after narrowing has

occurred. It remains for future studies to investigate the duration of this period.
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CHAPTER 2: Learning to differentiate individuals by their voices:
Infants' individuation of native- and foreign- species voices

Friendly, R. F., Rendall, D. & Trainor, L. J. (2013). Learning to differentiate
individuals by their voices: Infants' individuation of native- and foreign-
species voices. Developmental Psychobiology: Special Issue on

Perceptual Narrowing. Manuscript in press.

Preface

The ability to perceive important distinctions in a number of socially-
relevant auditory and visual stimuli (such as faces and phonemes) has been shown
to develop through a process of perceptual narrowing, whereby sensitivities to
native distinctions increase, while sensitivities to foreign distinctions decrease as
infants progress through their first year after birth (for reviews see Lewkowicz &
Ghazanfar, 2009; Scott, Pascalis & Nelson, 2007). In Chapter 2, I investigate
whether the ability to perceive distinctions in another type of socially-relevant
stimulus, the voices of individuals, also develops though a process of perceptual
narrowing during this age period. In order to test this, I compared the ability of 6-
month-olds, 12-month-olds and adults to discriminate two native-species (human)
voices and two foreign-species (rthesus macaque [Macaca mulatta]) voices.

Results showed that between 6 and 12 months of age, the ability to discriminate
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rhesus monkey voices deceased significantly and ability to discriminate human
voices increased marginally, revealing a pattern of perceptual narrowing during

the development of voice discrimination abilities.
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ABSTRACT

The ability to discriminate and identify people by their voice is important
for social interaction in humans. In early development, learning to discriminate
important differences in a number of socially-relevant stimuli, such as phonemes
and faces, has been shown to follow a common pattern of experience-driven
perceptual narrowing, where the discrimination of native stimuli improves, while
the discrimination of foreign stimuli worsens. The aim of the present study was to
investigate whether similar perceptual narrowing occurs for discriminating
individuals by voice. We tested the ability of English-speaking adults and
English-learning 6-month-olds and 12-month-olds to discriminate either native-
species (human) or foreign-species (rhesus monkey [Macaca mulatta])
individuals by their vocalizations. Between 6 and 12 months of age, the ability to
discriminate monkey voices decreased significantly and there was a non-
significant trend for improved ability to discriminate human voices. The results
support the hypothesis of experience-driven perceptual narrowing for voice

individuation during the first year after birth.
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INTRODUCTION

The ability to identify individual people quickly and effortlessly is
important for human social interaction and likely enhanced survival in our
ancestors. One way that humans distinguish individuals is by the unique sound of
each person's voice. This ability to distinguish people by voice is especially
important in situations where the talker is not clearly visible to the listener,
including the example from recent times of talking on the telephone. Because
voice recognition plays an important role in social interaction, understanding the
developmental trajectory for voice discrimination is important for understanding
social and communicative development. Much evidence indicates that complex
perceptual processing, such as that involved in face recognition (Kelly et al.,
2007; Pascalis, de Haan, & Nelson, 2002; Simpson, Varga, Frick, & Fragaszy,
2010), speech sound categorization (Kuhl et al., 2006; Werker & Tees, 2005),
musical pitch and rhythmic processing (Hannon & Trehub, 2005a, 2005b; Lynch
& Eliers, 1992; Lynch, Eilers, Oller, & Urbano, 1990; see Hannon & Trainor,
2007; Trainor & Corrigall, 2010; Trainor & Unrau, 2012 for reviews),
intersensory (face/voice) processing (Lewkowicz & Ghazanfar, 2006; Pons,
Lewkowicz, Soto-Faraco, & Sebastian-Gallés, 2009), and action perception
(Loucks & Sommerville, 2012) is strongly influenced during the first year after
birth by experience with the specific sounds and objects in the environment in

which the infant is developing. Specifically, the ability to make perceptual
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discriminations relevant to the particular language, musical system and facial
features experienced in the native environment improves, while the ability to
make discriminations relevant to foreign (and not to native) languages, musical
systems and faces diminishes (see Lewkowicz & Ghazanfar, 2009; Scott, Pascalis

& Nelson, 2007, for reviews). This process is known as perceptual narrowing

(Lewkowicz & Ghazanfar, 2009).

There is extensive evidence for perceptual narrowing for face processing.
Adults demonstrate a bias for better discrimination of own-race and own-species
faces compared to the discrimination of other-race and other-species faces (e.g.,
Meissner & Brigham, 2001; Pascalis & Bachevalier, 1998). Findings from
behavioural (e.g., Bar-Haim, Ziv & Hodes, 2006; Hayden, Bhratt, Joseph &
Tanaka, 2007; Kelly et al., 2005, 2007, 2009; Pascalis et al., 2002; Sangrigoli &
De Schonen, 2004; Simpson et al., 2010) and ERP (e.g., de Haan, Pascalis &
Johnson, 2002; Scott, Shannon & Nelson, 2006; Scott & Monesson, 2010) studies
with infants suggest mixed evidence for such biases at 3 months, clearly
developing biases by 6 months, and largely adult-like biases by 9 months of age.
For example, when familiarized with one face, and then subsequently presented
with the familiarized and a novel face shown from different vantage points
(ranging from facing toward the left to the right) both from the same race, Kelly
and colleagues found that at 3 months of age Caucasian and Chinese infants can

discriminate individuals from another race as accurately as individuals from their
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own race (Kelly et al., 2007, 2009). However, Caucasian 6-month-olds
discriminate both Caucasian and Chinese faces but fail the same tests with
African or Middle Eastern faces, and Chinese 6-month-olds discriminate both
Chinese and Caucasian but not African faces (they were not tested on the Middle
Eastern faces). By 9 months of age, both Caucasian and Chinese infants show no
evidence of discrimination for other-race faces. A similar developmental
progression to the Kelly et al. studies has also been reported for own-species
compared to other-species faces. In this case, 6-month-old infants have been
reported to be equally good at discriminating forward-facing faces of individuals
from native (human) and foreign (monkey) species but show no evidence of
discrimination for monkey faces by 9 months of age (Pascalis et al., 2002). In
addition, the ability to detect whether the auditory and visual aspects of vocalizing
dynamic faces are synchronous is species- and language-general at 6 months of
age but by 8 to 11 months, there is evidence of this intersensory ability for native
but not for foreign species and languages (Lewkowicz & Ghazanfar, 2006; Pons

et al., 2009).

Despite the importance of discriminating and identifying people by voice,
little is known about how this ability develops. However, several studies indicate
that infants recognize familiar voices in their environment. By 36 to 39 weeks
gestational age, the fetus can discriminate its mother's voice from that of another

female (Kisilevsky et al., 2003) and can discriminate between a male and a female
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voice (Lecanuet, Granier-Deferre, Jacquet, Capponi, & Ledru, 1993). Newborn
infants recognize and prefer their mother’s voice to that of a female stranger when
the voices are producing infant-directed speech (DeCasper & Fifer, 1980; Mehler,
Bertoncini, Barriere, & Jassik-Gerschenfeld, 1978; Spence & Freeman, 1996).
Although newborns show no evidence of preferring sentences spoken by their
father compared to those spoken by an unfamiliar male, they can tell these voices

apart (DeCasper & Prescott, 1984).

When listening to voices, infants are learning to extract two different kinds
of information, one related to learning the language spoken and the other to
identifying people by their voice. As far as learning language, infants show early
sensitivity to prosodic features, preferring to listen to their native language over
languages with different prosodic structures (Mehler et al., 1988; Moon, Panneton
Cooper & Fifer, 1993). Furthermore, many studies show that learning phonemic
categories follows a trajectory of perceptual narrowing similar to that of face
processing. Adults show well-developed specialization for native phonemic
categories in that they have difficulty discriminating between two speech sounds
that fall into different phonemic categories in a foreign language but within a
single phonemic category in their native language (Best, McRoberts, LaFleur, &
Silver-Isenstadt, 1995; Kuhl, 1998; Kuhl et al., 2006; Werker & Lalonde, 1988;
Werker et al., 2007; Werker & Tees, 1984, 2005). For consonant contrasts, there

is no evidence for perceptual narrowing until after 6 months of age, but narrowing
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is established by 10 to 12 months of age (for reviews see Curtin & Werker, 2007,
Kuhl, 2008). For vowel contrasts, narrowing appears to occur somewhat earlier,
beginning around 4 months of age (Kuhl, 2004; Kuhl, Williams, Lacerda, Stevens
& Lindblom, 1992; Polka & Werker, 1994). Interestingly, perceptual narrowing
also occurs for sign language (Palmer, Fais, Golinkoff, & Werker, 2012). English-
hearing infants can discriminate American Sign Language (ASL) hand shape
distinctions at 4 months, but fail the comparable test at 14 months, of age, while
their ASL-learning counterparts can discriminate the distinctions at both ages

(Palmer et al., 2012).

Despite the rich literature on language learning, only one study to our
knowledge has addressed whether perceptual narrowing occurs for voice
identification. Johnson, Westrek, Nazzi, & Cutler (2011) examined the ability of
7-month-old infants to discriminate two different unfamiliar talkers of the same
sex. They demonstrated that Dutch 7-month-olds showed a native-language
processing bias, discriminating between two unfamiliar female voices speaking
Dutch sentences, but failed the same test with two unfamiliar female voices
speaking Japanese or Italian sentences. Although further studies are needed with
younger and older infants in order to map out the developmental trajectory, this
study suggests that, just as infants acquire an own-race bias for discriminating

faces, they acquire an own-language bias for discriminating voices.
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In the present paper, we examine the related question of whether infants also
acquire an own-species bias for the ability to discriminate individuals by voice,
similarly to how they acquire an own-species bias for discriminating faces. In
particular, we compared the discrimination of human vocalizations to those of
a phylogenetically close foreign species, rhesus monkey. Importantly, there is
behavioural (Vouloumanos, Hauser, Werker, & Martin, 2010) and neural
(Minagawa-Kawai et al., 2011) evidence that young infants can discriminate
human and non-human primate vocalizations. Unlike in the case of better
discrimination of voices in a familiar versus foreign language (Johnson et al.,
2011), where basic characteristics of the human vocal apparatus remain the
same across languages spoken, perceptual narrowing for human compared to
rhesus monkey voice discrimination would indicate specialization for
processing characteristics of sounds made by the adult human vocal tract that
are unique to our species (such as a relatively larger oral cavity and descended
larynx, see review by Fitch, 2000). We hypothesized that, if the development
of voice discrimination occurs through a process of perceptual narrowing, then
ability to discriminate native-species voices would improve, while the ability to
discriminate foreign-species voices would worsen between 6 to 12 months of
age. This age range was chosen because previous research has found evidence

of narrowing over this period in other auditory domains, such as perceiving
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consonant phonemes and musical rhythms (e.g., Curtin & Werker, 2007;

Hannon & Trehub, 2005a, 2005b).

METHODS
Participants

Twenty-four adults between 18 and 40 years of age (mean = 21 years, SD
= 6.26 years; 12 females), each reporting normal hearing and providing informed
consent, participated in this experiment. Participants were drawn from first- and
second-year undergraduate psychology classes and received course credit for their
participation. All reported (Canadian) English as their only spoken and

understood language.

The final infant sample contained forty-eight infants between 5.5 and 6.5
months of age (mean age = 6.01 months, SD = 0.24 months; 25 females), and 48
infants between 11.5 and 12.5 months of age (mean age = 11.98 months, SD =
0.17 months; 19 females), all reported to have normal hearing. Infants were
randomly assigned to listen to either human or rhesus monkey voices. All infants
were reported as hearing English spoken in their home environment 98-100% of
the time. In the sample of 12-month-olds, three additional infants were tested, but
excluded from the final sample due to fussiness (n = 1) or failure to pass training
(n = 2), all three from the human voice condition. In the sample of 6-month-olds,
eleven additional infants were tested, but excluded from the final sample due to

fussiness (n = 3, human condition; n = 1, monkey condition) or failure to pass
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training (n = 4, human; n = 3, monkey). All procedures were approved by the
McMaster Research Ethics Board. Informed consent was obtained from parents

of infant participants.

Stimuli and Apparatus

Human Voice Stimuli. Voice recordings were made of eight monolingual
English-speaking Canadian female adults using a Neutrik AKG (Emotion D 770)
microphone, and Felt Tip Sound Studio 2.1 software via a USB Audio/ Midi
interface (US - 122) (sampling rate = 44.1 kHz; resolution = 16-bit) on a
Macintosh computer (Power Mac G5, OS X version 10.3.9). Female human
voices were chosen over male voices as the monkey voice stimuli that we had
access to were also of female voices. Each female speaker produced the word
balloon with six different intonational contours, obtained by reciting the following
six sentences: 1. This is a /balloon/. 2. Do you want a /balloon/? 3. What a
great /balloon/! 4. Have you seen a /balloon/ today? 5. This /balloon/ is very
light! 6. /Balloon/ stands sell lots of balloons! The tokens of the word balloon
were extracted from the six sentences using Cool Edit Pro and were normalized
for intensity. The same word was used for all human vocalizations so that
linguistic information would not be informative in any way. The intonational
differences were created to ensure that infants were not using intonation as a cue

to individuate the voices. The word balloon was chosen as the human voice
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stimulus because it is an infant-friendly word that can be spoken easily with

different intonation contours in a variety of carrier sentences.

After acoustic analyses using Praat software (Boersma & Weenink, 2009),
two pairs of female voices (pairs 1 and 2) were chosen for use as test stimuli such
that the set of six /balloon/ tokens from each of the two voices within a voice pair
were matched for mean duration (mean = .694 s, SD = .010 s; mean =.511 s, SD
=.067s, for the two pairs, respectively) and minimum FO (mean = 164.04 Hz, SD
=27.86 Hz; mean = 183.36 Hz, SD = 19.14 Hz), maximum FO (mean = 348.61
Hz, SD = 78.18 Hz; mean = 279.95 Hz, SD = 39.23 Hz) and mean FO (mean =
234.57 Hz, SD = 35.84 Hz; mean = 221.64 Hz, SD = 14.50 Hz). In other words,
the average of the set of tokens from voice pair 1 was matched to the average of
the set of tokens from voice pair 2, for example. This matching was important to
ensure that participants would need to use attributes other than these

characteristics to discriminate the voices.

Four conditions (1A, 1B, 2A, 2B) were constructed for testing infants. For
each voice pair (1, 2), there were two conditions (A, B) such that for condition A
one speaker’s voice in the pair served as the “background” voice, while the other

served as the “change” voice, and vice versa for condition B (see Procedure).

Rhesus Monkey Voice Stimuli. Rhesus monkey (Macaca mulatta) voices

were chosen as the foreign-species test stimuli for the following reasons. First, the
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ability of non-human primates to perceive formants (an acoustic feature of voices)
is similar to that of humans (Ghazanfar et al., 2007; Owren, 1990; Sommers,
Moody, Prosen, & Stebbins, 1992). Second, there is evidence of vocal recognition
by rhesus monkeys of both individuals and kin (Rendall, Rodman, & Emond,
1996). Third, six or more vocal samples of the same call category (“coo”) from
each of six female rhesus monkeys were available from author DR (for
methodology on obtaining these recordings see Owren & Rendall, 2003; Rendall
et al., 1996). Using these rhesus monkey stimuli, Owren & Rendall (2003)
compared human adults’ ability to discriminate rhesus coos and human vowel
sounds, as well other rhesus vocalizations, such as screams. They showed that
human adults found the rhesus coos more difficult to discriminate than human
vowels, but easier to discriminate than rhesus screams (Owren & Rendall, 2003).
Example spectrograms comparing the human and rhesus monkey stimuli
used in the present study are shown in Figure 1. Both voice types contain a stable
fundamental frequency, FO (the bottom-most band of energy in the spectrograms),
above which are harmonic overtones. For both voice types, the amplitudes of the
harmonics are filtered by the unique resonances, or formants, of each individual’s
vocal tract shape and length. The “coo” calls were edited using Cool Edit Pro
(sampling rate = 44.1 kHz, resolution = 16-bit) and normalized for intensity.
Acoustic analyses using Praat led to the choice of two pairs of primate voices (6

different tokens of the coo call for each individual monkey). Each pair was
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matched, as with the human voices, on mean duration (mean = .302 s, SD = .047
s; mean =.274 s, SD = .061 s, for the two pairs, respectively) and minimum FO
(mean = 282.36 Hz, SD = 66.28 Hz; mean = 502.48 Hz, SD = 18.93 Hz),
maximum FO (mean = 351.84 Hz, SD = 49.87 Hz; mean = 562.59 Hz, SD = 32.49
Hz) and mean FO (mean = 320.50 Hz, SD = 48.72 Hz; mean = 542.04 Hz, SD =
26.30 Hz) FO. Four conditions (3A, 3B, 4A and 4B) were constructed for testing
infants, as with the human voices, such that for each voice pair (3 and 4), one
voice in the pair served as the “background” and the other as the “change” voice
for condition A, and vice versa for condition B.

In the adult procedure, the voice samples were presented using the
program Presentation on an LG (Antec, Windows XP) computer through
headphones (Sennheiser, HDA 200). In the infant procedure, the voice stimuli
were presented on a Macintosh computer (Power Mac G4) and the experiment
was run using in-house software. The computer was connected to a NAD Stereo
Integrated Amplifier (C352) and a single Westsun loudspeaker, and a button box
that was used by the experimenter for signaling infant responses to the computer.
The button box controller and loudspeaker were located in a sound-attenuating
chamber (Industrial Acoustics Company Inc.), with the loudspeaker located on
top of a Plexiglas-covered cabinet containing animated toys that served as
reinforcement for infant behavioural responses. The computer controlled the

animated toys as well as the lights that made them visible (see Procedure for more
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details).

Insert Figure 1 about here

Procedure

Adult Same-Different Task. Adults were tested using a within-subjects
design that measured their discrimination of both the human and monkey
vocalizations. Each adult completed two blocks of 40 same-different trials, one
containing human and the other rhesus monkey voices. The blocks were presented
in random order across participants. On the 20 “same” trials, two voice tokens
were presented from the same individual and on the 20 “different” trials, two
tokens were presented from two different individuals. On each trial, the two
voices presented were always from a voice pair that was matched on duration and
mean, minimum and maximum FO (see Stimuli), and tokens were chosen
randomly with the constraints that no token pair be presented more than once, no
pair from a “same” trial contain the same token repeated twice, and that equal
numbers of each token per voice be presented during testing. Participants were
told that they would hear two voice tokens and that they were to press one button

if the voices belonged to the same individual, or a second button if the voices
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belonged to two different individuals. For data analysis, for each adult, percent
correct scores in the same-different paradigm were converted to d' separately for

the human and monkey voice conditions.

Infant Conditioned Head Turn Task. Because infants are not able to
perform the task used with adults, infants were tested in a conditioned head turn
paradigm (Werker et al., 1998), using a between-subjects design where infants
were tested on their discrimination of human or monkey vocalizations. After the
experimenter obtained informed consent from parents, infants were randomly
assigned to one of 8 stimulus conditions, counter-balancing species (human,
rhesus), voice pair (1, 2 for human; 3, 4 for rhesus) and which voice was the
background and which the change voice within the pair (A, B). Thus, at each age,

6 infants were tested in each of the 8 conditions.

During the testing phase, the six /balloon/ or /coo/ tokens from the
background voice were repeated in random order with a stimulus onset
asynchrony (SOA) of two seconds through the loudspeaker located 90° to the
infant’s left. The infant was seated on his or her parent’s lap across from and
facing the experimenter. To eliminate parental or experimenter influence on the
infant’s behaviour, both parent and experimenter listened to masking music over
headphones during the procedure. The background tokens were played

continuously throughout the experiment. Once the infant was attentive and facing
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forward (toward the experimenter), the experimenter pressed a button, indicating
to the computer that the infant was ready for a trial. Of the 24 trials, half (12) were
change trials, on which the background voice was replaced by one of the 6 tokens
of the change voice for one repetition. Each of the six tokens of the change voice
was presented twice during the testing phase in random order. The other half of
the trials (12) were control (no-change) trials, on which the background voice
continued such that control trials were indistinguishable from the background.
Change and control trials were presented in a quasi-random order with the
constraint that no more than two control trials be presented in a row. The
experimenter pressed a second button every time the infant turned their head at
least 45 degrees to the left. Head turns on change trials (i.e.,, hits) within 1s of the
onset of the change-voice were rewarded with 2s of an animated toy and light
display. However, head turns occurring on control trials (i.e., false alarms) were
recorded but not rewarded by the computer. For data analysis, the number of hits
(head turns during change trials) and false alarms (head turns during control trials)

were converted into d' scores.

Prior to the testing phase, infants completed a training phase designed to
familiarize them with being rewarded with an animated toy display for turning
their head when the voice changed from one individual to another (one human to
another when the infant was in the human voice condition, and one monkey to

another when the infant was in the monkey voice condition). The training phase
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did not contain control trials, and only two of the six tokens from the change
voice were used. In addition, the change voice was 10 dB louder than the
repeating background voice, such that this noticeable difference would attract the
infant’s attention towards the loudspeaker. Infants were required to make four
correct head-turn responses in a row within 20 training trials in order to proceed
to the testing phase, where all 6 tokens of each voice were used and change and
background tokens were presented at equal intensities. Infants who did not pass

this training criterion were excluded from the final data set (see Participants).

RESULTS

Adults

A paired-sample t-test revealed that adults’ d' scores for human voices
were significantly larger than for rhesus monkey voices, t(23) = 17.90, p <.001
(human, m = 2.76, SE = .13; rhesus, m = .37, SE = .10), suggesting that they
discriminated between human voices much more easily than between rhesus
monkey voices (see Figure 2). One-sample t-tests revealed that adult’s d' scores
were significantly above chance levels (expected d' value of 0) for both voice
types (both p's <.002). Thus, although adults were able to successfully

discriminate between voices for both human and rhesus monkey voice conditions,
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their performance was much better for voices from their native species compared

to voices from the foreign species.

Infants

One-sample t-tests revealed that d' scores were significantly above chance
levels (p <.002) for each voice type for both the 6-month-olds and 12 month olds
after Bonferroni correction (alpha value = 0.0125). An analysis of variance
(ANOVA) with d' score as the dependent variable and age (6, 12 months) and
voice type (human, rhesus monkey) as independent variables revealed only a
significant interaction between age and voice type, F(1, 92) =7.95, p = .006, n2p
= .08 (see Figure 2). Follow up independent sample t-tests conducted separately
for each voice type revealed that the d' scores for rhesus monkey voices were
significantly lower at 12 than at 6 months of age, #(46) = 2.69, p = .01 (6 months,
mean = .79, SE = .08; 12 months, mean = .41, SE = .12), suggesting a decrease in
discrimination ability. There was also a trend for d' scores for human voices to
increase between 6 and 12 months of age, although this effect did not reach
significance #(46) =-1.63, p = .11 (6 months, mean = 1.10, SE = .13; 12 months,
mean = 1.46, SE = .18). The results indicate that infants’ ability to discriminate
between two foreign-species voices decreases between 6 and 12 months of age,
supporting the hypothesis of experience-driven perceptual narrowing for voice

discrimination during the first year after birth.
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Insert Figure 2 about here

DISCUSSION

This is the first study to show that infants’ ability to discriminate
individuals by voice becomes increasingly specialized for human voices between
6 and 12 months of age. Specifically, between 6 and 12 months of age we found a
significant decline in the ability to individuate rhesus monkeys by their
vocalizations, as well as a non-significant trend for increased ability to
discriminate humans by their vocalizations. The finding that perceptual narrowing
occurs by the end of the first year for voice discrimination roughly parallels
findings for face discrimination (Kelly et al., 2007; Pascalis et al., 2002; Simpson
et al., 2010), intersensory (face/voice) matching (Lewkowicz & Ghazanfar, 2006;
Pons et al., 2009), phonemic categorization (Kuhl et al., 2006; Werker & Tees,
2005), and musical pitch and rhythm processing (Hannon & Trehub, 2005a,
2005b; Lynch et al., 1990; for reviews see Hannon & Trainor, 2007; Trainor &
Corrigall, 2010; Trainor & Unrau, 2012). Furthermore, it complements a previous
study indicating that 7-month-old infants demonstrate an advantage for

discriminating voices in their native compared to a foreign language (Johnson et
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al., 2011), by showing that perceptual narrowing also applies at a species level,
with infant perception becoming specialized for processing unique characteristics
of human voices during the first year after birth.

Although the ability to discriminate the monkey voices decreased
significantly between 6 and 12 months of age, 12-month-olds remained above
chance levels for discriminating the monkey voices. This is in contrast to Pascalis
et al. (2002) who found that 6-month-olds, but not 9-month-olds and adults,
showed evidence of discriminating between two monkey faces above chance
levels. This seeming discrepancy might be explained by methodological
differences. Pascalis et al. (2002) used a visual paired comparison (VPC)
procedure whereas a conditioned head turn was used in the present study. In
Pascalis et al.’s study, the VPC involved habituating an infant to one face for a
fixed period of 20 seconds (stopping and starting the count whenever the infant
looked away; adults only received 5 s of familiarization), and then comparing
their looking time to either the same face or a novel face. The Conditioned Head-
Turn (CHT) procedure has been reported to be better able than habituation-based
methods to separate infant boredom (or disinterest) from perceptual difficulty
(Werker, Polka & Pegg, 1997) and is thus likely a more robust measure of infants’
perceptual discrimination than the VPC procedure. The CHT procedure also
enables researchers to collect data from multiple trials (e.g., 24 trials) as opposed

to the 1 or 2 trials in a VPC procedure. Furthermore, although Pascalis et al.’s
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(2002) study found no evidence that adults could discriminate monkey faces,
Mondlock, Maurer & Ahola (2006) showed that, if tested with more sensitive
methodologies, adults can discriminate between monkey faces, albeit more poorly
than between human faces. Specifically, they used a task in which participants
were required to indicate whether two faces appearing one at a time belonged to
the same individual or two different individuals. Therefore, it is possible that
older infants and adults might have some ability to discriminate monkey faces, but
that this ability was not revealed using the VPC procedure. Furthermore, amount
of familiarization time has also been shown to influence the discrimination
abilities of older infants. Fair, Flom, Jones & Martin (2012) found that although
12-month-olds failed to demonstrate discrimination of unfamiliar monkey faces
following a 20s familiarization period, when familiarization was increased to 40s,
12-month-olds were successfully able to discriminate the monkey faces.

In the present study, we examined changes across age in infants’ ability to
discriminate human and rhesus monkey voices, but we did not directly compare
performance on human versus monkey voices. This comparison was not
appropriate as it is very difficult to equate the discriminability of two voice types.
Equating discriminability of voices is difficult for two main reasons. First, it is
difficult to determine whether human and monkey voice pairs are equally
discriminable in general in the absence of experience with voices from either

species. In fact, it is possible that human voices are intrinsically easier to process
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than rhesus monkey voices. Although there are fundamental similarities between
rhesus monkey coos and human vowel sounds (Owren & Rendall, 2003, also see
Stimuli), considerable differences exist between the vocal anatomies of these
species and, therefore, the acoustic properties of their vocalizations, suggesting
that voice quality differences could be easier to detect in human than rhesus
voices. For example, human vocal folds are longer and thicker than those in
rhesus monkeys, permitting a greater degree of variation between individuals’
voices (Schon Ybarra, 1995; Titze, 1994). Human vowel sounds also typically
contain two to four times the number of harmonics compared to rhesus coo calls
(see Figure 1). These extra harmonics enable human vowels to be better defined
than rhesus coos, potentially increasing the saliency of the variation between
individuals in detailed aspects of their particular resonant patterns (Owren &

Rendall, 2003).

The second difficulty in equating human and rhesus voices is more
specific to our stimuli. Human vocalizations are typically more complex and
contain consonant and vowel sounds whereas rhesus vocalizations contain only
vowel-like sounds. We chose to use realistic vocalizations for each species. Our
human stimuli consisted of the word “balloon” that contains both consonant and
vowel sounds, whereas the monkey stimuli consisted of the very common rhesus
coo call that only contains vowel-like sounds. Indeed, the possibility that some

acoustic differences may be intrinsically more difficult to discriminate than others
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is consistent with the finding that acoustic salience influences perceptual
narrowing, for example, during the processing of nasal-place phonetic distinctions
(Narayan, Werker & Beddor, 2010). Our human vocalizations were also longer,
on average, than the monkey vocalizations, so they might have contained more
identifying information (about 600 ms versus 300 ms, respectively). In order to
determine if length of utterance and the presence of consonants influences
comparisons across species, and if our results would generalize to other human
vocalizations, future studies could compare narrowing for human voices uttering
sounds with vowels only to those uttering sounds with both consonants and

vowels.

Nevertheless, the present study revealed a significant decrease in d” scores
between 6 and 12 months for monkey voices, but not for human voices, so
acoustic differences between the human and monkey voices cannot explain the
present finding of perceptual narrowing for monkey voice discrimination between
6 and 12 months of age. This question could be investigated further in a cross-
over design in which perceptual narrowing was investigated in both human and
rhesus monkey species. If experience is the predominant variable rather than
intrinsic properties of human and monkey voices, it would be expected that rhesus
monkeys would improve at discriminating monkey voices, but get worse at

discriminating the human voices, with increasing age.
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We cannot ascertain from the present study whether the timeline of
perceptual narrowing for voice discrimination might be underway earlier than that
for processing consonant contrasts, faces from foreign species, musical scales and
musical meters, for which there is no evidence of narrowing until after 6 months
of age (e.g., Curtin & Werker, 2007; Hannon & Trehub, 2005a, 2005b; Hannon &
Trainor, 2007; Pascalis et al., 2002). Indeed, examination of Figure 1 appears to
indicate that our data more closely resemble the timeline found for the perceptual
narrowing of faces from other races, vowel contrasts and the lexical tones within
tonal languages such as Mandarin, for which narrowing appears to be underway
prior to 6 months after birth (e.g., Kelly et al., 2007, 2009; Kuhl, 2004; Kuhl et
al., 1992; Polka & Werker, 1994; Yeung, Chen & Werker, 2013). It is therefore
important to test discrimination of these stimuli by infants younger than 6 months
of age. Unfortunately, the head turn procedure used in the present study is not
suitable for testing auditory discrimination in younger infants (Werker et al.,
1998), but future studies could be conducted utilizing appropriate methods to
determine whether narrowing might be underway for voice discrimination prior to
6 months of age. A further question of interest for future research is when the
sensitive period ends for specialization for human voice discrimination and the
influence of experience on this period of sensitivity. It is possible that some
plasticity remains throughout the lifespan, such that even in adults, intensive

experience with voices from another species would lead to better discrimination
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of individual voices within that species, although pre-narrowing levels might not
be attainable. There is evidence that plasticity remains in infancy beyond the point
at which perceptual narrowing appears to be accomplished. For example, Pascalis
et al. (2005) demonstrated that the loss of ability to discriminate between primate
faces observed between 6 to 9 months of age could be prevented by three months
of exposure during this period to primate faces. Also, Anzures et al. (2012)
showed that it was possible to reinstate the ability of 8- to 10-month-olds to
recognize foreign-race faces with 3 weeks of exposure to these faces. In the
language domain, one month of interaction with Mandarin Chinese speakers
reversed the decline in ability to distinguish between Mandarin phonemes in
English-learning infants previously observed at 12 months (Kuhl, Tsao, & Liu,
2003). Similarly, two weeks of exposure to foreign musical rhythms at 12 months
reinstated sensitivity to these rhythms whereas a similar amount of exposure had

no effect in adulthood (Hannon & Trehub, 2005b).

One of the first studies to directly investigate the effect of environmental
exposure on sensitive periods for faces in a design that strictly controlled
experience was conducted by Sugita (2008). In this study, infant monkeys were
reared with no exposure to live faces for periods ranging from 6 to 24 months of
age. Prior to exposure, the monkeys discriminated photographs of human faces as
easily as photographs of monkey faces. After the end of the period of total

deprivation for face stimuli, one month of subsequent exposure to either human or
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monkey faces resulted in the monkeys only being able to discriminate the face
type to which they were exposed for that month. This demonstrates that the period
of plasticity for face specialization can be extended for at least 2 years in the
complete absence of experience. These results, in addition to the aforementioned
studies by Pascalis et al. (2005), Anzures et al. (2012) and Kuhl et al. (2003),
suggest that the timing of exposure as well as the type and amount of exposure
affect perceptual narrowing. These variables should also be explored with respect
to voices to determine the generality of the effects of timing, type and amount of

exposure on sensitive periods.

Finally, questions remain as to whether the results of the present study
generalize to foreign human languages, familiar voices, and to male in addition to
female voices. It would also be interesting to know whether young infants can
discriminate non-primate voices that are less similar to human voices than rhesus
monkey voices, and whether the ability to discriminate voices from different

species follows the same developmental trajectory as for primate voices.

Conclusions

The results indicate that young infants have the important social ability to
discriminate individuals by voice, and that it is shaped by the auditory

environment. Specifically, we found a significant decrease in the ability to
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discriminate foreign-species (rhesus monkey) voices between 6 and 12 months of
age, accompanied by a non-significant trend for the ability to discriminate native-

species (human) voices to increase.
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Figure 1. Spectrograms of the word “balloon” spoken by an adult human female
and a “coo” vocalization produced by an adult female rhesus monkey. The sounds
are generally similar in showing a stable fundamental frequency (F0), the lowest
band on the spectrogram, with rich harmonic overtones that are filtered by the
resonances, or formants, of the vocal tract (F1-F4). The sounds are different in
that the FO is higher in the rhesus monkey sounds (375 Hz versus 230 Hz in the
human female sounds), which yields more widely spaced harmonic overtones in
the rhesus monkey sounds (marked by the vertical grids at the left of each
spectrogram). The formant frequencies are also higher in the rhesus monkey
sounds. Note that the human vocalizations used were about 600 ms whereas the

rhesus monkey vocalizations were about 300 ms.
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Figure 2. Adult (n = 24) and infant (6- and 12-month-olds, n = 48 each)
discrimination of rhesus monkey and human voices, as measured by a same-
different task and a conditioned head turn task, respectively. Although it is not
appropriate to compare discrimination across voice types (see text),
discrimination of human voices improved with age whereas discrimination of
monkey voices declined with age. Error bars represent within-subjects SEM for

adults and between-subjects SEM for infants.
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CHAPTER 3: Own-species and own-language effects in English and Chinese

adults’ cross-species voice discrimination

Friendly, R. F., Hongting, L., Rendall, D. & Trainor, L. J. (2013). Own-species
and own-language effects in English and Chinese adults’ cross-species
voice discrimination. Journal of the Acoustical Society of America

(Express Letters). Manuscript prepared for submission.

Preface

In the previous chapter, perceptual narrowing was found to occur during
the development of human (English-learning) participants’ ability to discriminate
voices. An advantage developed between 6- to 12-months of age for the
processing of individual distinctions of native (human, English-speaking) voices,
compared to foreign (rhesus macaque [Macaca mulatta)) voices, and this
advantage was also present in English-speaking adults. In Chapter 3, I examine
the ability of adults to discriminate the same human and monkey vocalizations
cross-culturally. In particular, I investigated whether Mandarin-speaking adults
from China, who had little or no exposure to the English language, would also
demonstrate an advantage for discriminating human, English-speaking voices
compared to the monkey voices, similar to the English adults in Chapter 2. The

results reveal that the Chinese adults do indeed demonstrate a human-voice

91



Ph.D. Thesis - R. H. Friendly; McMaster U. - Psychology, Neuroscience & Behaviour

processing advantage. This suggests that the advantage for discriminating human
voices documented for adults tested in Chapter 2 reflects familiarity with voices
from the human species. However, the data also revealed evidence suggestive of
an own-language superiority effect, in that English adults performed better than
Chinese adults on the human (English) voice discrimination. This difference
might be explained by other factors such as education level differences between
the English-speaking and Mandarin-speaking groups, but it is likely that
perceptual narrowing for voice discrimination involves specialization for both

own-species and own-language voices.
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ABSTRACT

Friendly, Rendall and Trainor (submitted) demonstrated that English-
speaking adults and 12-month-old infants discriminate native-species (English-
speaking human) individuals by their vocalizations much more easily than
foreign-species (rhesus monkey) individuals, while 6-month-olds show little
difference across species. Here we test whether this native-species superiority
effect reflects familiarity with human vocalizations in general or the English
language in particular, at least in adults. Mandarin Chinese-speaking adults with
limited English exposure showed much better discrimination of English-speaking
human individuals than monkey individuals. We also found suggestive evidence
for an effect of language familiarity when comparing voice discrimination
abilities of Mandarin- and English-speaking adults. The results indicate a robust

own-species superiority effect for discriminating individuals by their voices.
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1. Introduction

In order for social interaction to be successful, humans must be able to
identify and distinguish between individuals in their environment. Variations
among peoples’ voices provide a cue to listeners regarding the identity of
speakers. Adults are better at discriminating among voices speaking their familiar
native language compared to voices speaking an unfamiliar foreign language (e.g.,
Goggin et al., 1991; Koster & Schiller, 1997). Recently, we found a similar
familiarity effect for native-species over foreign-species voices. English-speaking
adults were considerably better at discriminating between voices from their own
(human) species than from a foreign (rhesus monkey) species (Friendly et al.,
submitted). This is consistent with studies showing stronger activations in an area
of the brain associated with voice-processing (the superior temporal sulcus) when
listening to human vocalizations compared to vocalizations from monkeys and
other non-human animals (e.g., Fecteau et al., 2004), and parallels visual-
perception studies showing that adults are better at individuating human than
monkey faces (e.g., Pascalis & Bachevalier, 1998; Pascalis et al., 2002).
Additionally, our study demonstrated that the ability to discriminate voices goes
through a process of perceptual narrowing, with superiority for native- over
foreign-species voice discrimination clearly developing between 6 months and 12

months of age, similar to the narrowing timelines for the discrimination of a
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number of other socially-relevant stimuli, such as phonemes, musical meters, and

faces (see Lewkowicz & Ghazanfar, 2009; Scott et al., 2007, for reviews).

Nevertheless, it is unclear from our previous study if the bias for better
performance with human compared to rhesus monkey voices is driven primarily
by species familiarity (i.e., familiarity with the acoustic structure of human versus
rhesus monkey voices in general) or rather by linguistic familiarity, as the human
voice stimuli used were produced by speakers of the native language (English) of
our participants, and used tokens of an English word. Here we examine this
question in adults by testing a population of Mandarin-Chinese-speakers from
China on their ability to discriminate the human English voices and rhesus
monkey voices used in our previous study. We also compared their voice
discrimination abilities to those of the English-speaking adults from Friendly et al.
(submitted). The Chinese population was chosen because Mandarin is a tonal
language and, as such, differs substantially in structure from English.
Furthermore, the population we recruited in China did not speak, and had limited
exposure to, English. Finding that Mandarin-speaking adults are similar to
English-speaking adults in that they more easily discriminate human, English-
speaking voices than rhesus monkey voices would support the hypothesis that
species familiarity is a driving factor in the native (human) voice processing

advantage observed in English-speaking adults.
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2. Methods
2.1 Participants

Twenty-four English-speaking adults from Ontario, Canada (mean age =
21 years, SD = 6.26 years; range = 18- 40 years; 12 females) and 24 Mandarin-
speaking adults from Zhejiang, China (mean age = 26 years, SD = 7.11 years;
range = 18- 40 years; 12 females) participated. Informed consent was obtained
from all participants. All reported normal hearing. The English-speaking adults
were tested in a previous study (see Friendly et al., submitted) and received course
credit for their participation. All reported (Canadian) English as their only spoken
and understood language. Mandarin-speaking adults had as little experience with
the English language as was possible. As English is generally studied in higher-
level education in China, all participants were manual factory workers recruited
by advertisements posted in a factory in Hangzhou City. One fifth of participants
had only a primary school education, while the remainder had incomplete junior
high educations. All participants reported speaking Mandarin 95% of the time or
more. Two thirds of the participants reported never studying English, whereas one
third had received a limited English education, learning a few basic English words
and phrases but not having used them for many years. Chinese participants
received 10 Renminbi (about 1.6 CAN/US dollars) as compensation for their

participation in the study.
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2.2 Stimuli and Apparatus

The stimuli outlined below are identical to those used by Friendly et al.
(submitted).
2.2.1 Human Voice Stimuli
The vocalizations of eight English-speaking Canadian female graduate students
were recorded using Felt Tip Sound Studio 2.1 software and an AKG Emotion D
770 (cardioid-directional dynamic) microphone via a USB Audio interface (US -
122) (sampling rate = 44.1 kHz; [intensity] resolution = 16-bit) on a Macintosh
computer (Power Mac G5, OS X version 10.3.9). Each female speaker was asked
to recite six sentences containing the word “balloon” in order to produce six
different /balloon/ tokens, each with a different intonation contour. The sentences
were: 1. Do you want a /balloon/? 2. What a great /balloon/! 3. This is a /balloon/.
4. Have you seen a /balloon/ today? 5. /Balloon/ stands sell lots of balloons! 6.
This /balloon/ is very light! The program Cool Edit Pro (Syntrillium Software)
was used to extract the /balloon/ tokens from the six carrier sentences and to
normalize the tokens for peak intensity across the samples (Pair 1: voice 1 mean =
49 dB, range = 47-51 dB, voice 2 mean = 47 dB, range = 46-48 dB; Pair 2: voice

1 mean = 47 dB, range = 45-49 dB, voice 2 mean = 50 dB, range = 48-53 dB).

Acoustic analyses were performed using Praat software (Boersma &
Weenink, 2009), where fundamental frequencies (FO) were extracted using the

autocorrelation algorithm restricted to search between 100 and 600 Hz. Two pairs
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of female voices (pairs 1 and 2) were then chosen for use as test stimuli such that
the six /balloon/ tokens from the two voices in each pair did not differ

significantly in duration or in minimum, maximum or mean FO.
2.2.2 Rhesus Monkey Voice Stimuli

Rhesus macaque (Macaca mulatta) vocalizations were chosen for a number of
reasons. First, there is evidence that rhesus monkeys can recognize both kin and
other individuals based on some vocalizations in their repertoire (Rendall et al.,
1996). Second, the ability to perceive formants, an acoustic feature of both human
and nonhuman primate voices, is similar in both groups (Ghazanfar, Turesson,
Maier, van Danther, Patterson & Logothetis, 2007; Owren, 1990; Sommers,
Moody, Prosen, & Stebbins, 1992). Third, author DR had, for each of six female
rhesus monkeys, several vocal samples of the same call category, the so-called
“coo” call, which is a close-range contact call and is individually distinctive and
discriminated by monkeys (for methodology on obtaining these recordings see
Owren & Rendall, 2003; Rendall et al., 1996, 1998). Finally, human adults’
discrimination of rhesus coos has been previously tested and compared to the
discrimination of human vowel sounds, as well as other types of rhesus
vocalizations. These comparisons revealed that rhesus coo calls are more difficult
for adults to discriminate than human vowels, but easier to discriminate than an

alternative rhesus vocalization, namely the screams given in agonistic encounters
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(Owren & Rendall, 2003). The rhesus coo calls were edited using Cool Edit Pro
(sampling rate = 44.1 kHz, [intensity] resolution = 16-bit) and normalized for
peak amplitude across the sample (Pair 1: voice 1 mean =49 dB, range = 46-54
dB, voice 2 mean = 49 dB, range = 47-51 dB; Pair 2: voice 1 mean = 55 dB, range
= 53-57 dB, voice 2 mean = 56 dB, range = 55-57 dB). Two pairs of primate
voices (6 different tokens of the coo call for each individual monkey) were chosen
based on acoustic analyses using Praat. As with the human voices, the six tokens
from each pair were matched for duration and for minimum, maximum and mean

FO.

For both the English-speaking and Mandarin-speaking participants, the
voice samples were presented using Presentation (Neurobehavioral Systems). For
English participants, Presentation was run on an LG (Antec, Windows XP)
computer through headphones (Sennheiser, HDA 200). For Chinese participants,
Presentation was run on a Toshiba (M 100, Windows XP) computer through
headphones (Philips, SHM 1900).

2.3 Procedure

Each adult completed two blocks of 40 same-different trials. One block
contained rhesus monkey voices and the other human voices. The order of the
blocks was counterbalanced across participants. Each block contained 20
“different” trials (one voice token was spoken by each of two different

individuals) and 20 “same” trials (two different voice tokens were spoken by the
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same individual). On different trials, the two voices presented were always from
one of the two matched pairs (see Stimuli). Across all trials, tokens were chosen
randomly with the constraints that an equal number of each token per voice be
presented during testing, no pair from a “same” trial contain the same token
repeated twice, and no token pair be presented more than once. Participants were
instructed that they would hear two vocalizations, and that they were to press one
button if the vocalizations were spoken by two different individuals, or a second
button if the vocalizations were spoken by the same individual. Percent correct
scores were converted to d' separately for the monkey and human voice conditions

for each adult.

3. Results

A repeated measures analysis of variance (ANOVA) with d' score as the
dependent variable, voice type as a within-subject variable (human, rhesus) and
language spoken as a between-subject variable (English, Mandarin) revealed a
significant interaction between voice type and language spoken, F(1,46) = 37.59,
p <.001 (see Figure 1). Paired samples t-tests conducted separately for the two
language groups revealed that both English-speaking adults [#(23) = 17.90, p <
.001] and Mandarin-speaking adults [#(23) = 6.57, p <.001] discriminated human
voices more easily than rhesus monkey voices, demonstrating an own-species
superiority effect. One-sample t-tests conducted separately for each adult

language type also revealed that both English-speaking (human: t(23) =21.21,p <
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.001; monkey: t(23) = 3.58, p = .002) and Mandarin-speaking types (human: t(23)
= 8.94, p <.001; monkey: t(23) = 4.30, p <.001) adults’ discrimination was
significantly above chance levels (expected d' value of 0) for both voice types. A
one-way ANOVA revealed that although English-speaking and Mandarin-
speaking adults showed no differences in their discrimination abilities for rhesus
monkey voices, English-speaking adults discriminated the human, English-
speaking voices more easily than did the Mandarin-speaking adults, F(1,46) =
32.69, p <.001, suggesting that there might be a language familiarity effect in
addition to the species familiarity effect.
4. Discussion

Mandarin-speaking adults were better at discriminating English-speaking
human voices than rhesus monkey voices even though the human voices uttered
words from an unfamiliar language. This provides strong evidence for an own-
species superiority effect for voice discrimination in adults, which parallels the
own-species superiority effects found for faces (Pascalis et al., 2002). These data
complement recent results showing better performance at discriminating voices
from one's native than from a foreign (monkey) species at 12-months of age and
in adulthood, but little difference between human and monkey voices at 6 month
of age (Friendly et al., submitted). The present study suggests that the superior
performance on own- than foreign-species voices observed in English-speaking

adults in Friendly et al. (submitted), results in large part from experience with
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own-species voices. It is important to note that although both adult populations
demonstrated a human voice processing advantage, they also both had d' scores
for monkey voices that were above chance levels. This indicates that adults are
able to discriminate monkey voices, albeit poorly in comparison to human voices.
Thus, although adults specialize for processing human voices, some sensitivity
still remains to distinctions in monkey voices.

At the same time, English-speaking adults performed better than
Mandarin-speaking adults at discriminating voices uttering the English words.
Mandarin adults might have performed less well for a number of reasons. First, it
is possible that this result reflects differences in task comprehension and/or
performance due to the education levels of the two groups. The English-speaking
participants were largely university students whereas the Mandarin-speaking
participants were factory workers who had not completed high school, which was
a deliberate precaution to ensure limited exposure to English. Second, it is
possible that the necessary use of two different sets of testing equipment (one in
China, and one in Canada) could have led to the observed differences. Third, the
motivation of the two samples to complete the task might have differed. However,
the most likely explanation is that the difference reflects the additional operation
of an own-language superiority effect, consistent with previous studies (e.g.,
Goggin et al., 1991; Koster, & Schiller, 1997). The finding that native voices are

processed more easily than foreign voices is also in line with numerous studies
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that find similar biases in adults for the processing of various social stimuli
including linguistic phonemes, musical meter, and intersensory face/voice stimuli
(see Lewkowicz & Ghazanfar, 2009 for a review). Nevertheless, as the present
study did not use a crossover design (comparing the discrimination of English-
and Mandarin-voices by English- and Mandarin-speaking adults), further
investigation is required before firm conclusions can be made with respect to the
language effect.

Understanding the basis of the specialization for own-species voices
requires a consideration of differences in vocal tract shape between human and
rhesus monkeys, and the resulting differences in acoustic features of the sounds
they produce. For instance, humans lack the air sac that non-human primates have
and tend to have a longer oral cavity and lower larynx (e.g., Fitch, 2000).
Compared to rhesus monkeys in particular, humans have longer supralaryngeal
vocal tracts (Fitch, 1997; Fitch & Giedd, 1999), longer and thicker vocal chords
(Schon Ybarra, 1995), and produce two to four times the number of harmonics in
their vowel sounds (Owren & Rendall, 2003) (see Figure 2). This is true for
human vocalizations that include vowels regardless of the language being spoken.
Thus, it appears that, through experience with human voices, human perceptual
systems become tuned to discriminate fine differences in stimuli with relatively
rich harmonic spectra and strong resonance (formant) features characteristic of

human voices, compared to stimuli, like rhesus monkey coos, that are broadly
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similar to human vowels in formant structure but have much less densely
populated harmonic spectra.

Of course, it is possible that other differences beyond vocal anatomy, such
as the complexity the vocalizations, might have influenced the pattern of results.
For instance, the average duration of the rhesus monkey stimuli was
approximately 300ms shorter than for the human voices. As well, the Human
English stimuli contained consonant and vowel sounds, while the monkey stimuli
only contained vowel sounds. Including consonants was necessary in order to
determine if there was a language effect, but future studies could compare the
discrimination of rhesus monkey coos to that of human voices producing only
vowels in order to determine if the complexity of the human voices contributed to
the human voice processing advantage found in both English- and Mandarin-
speaking adults. It needs to be kept in mind, however, that such differences are
very unlikely to explain the entire bias for better discrimination of native-
compared to foreign-species voices because this bias is not found in young infants
who discriminate native- and foreign-species voices similarly well (Friendly et al.,
submitted).

In sum, adults show an own-species superiority effect for discriminating

individuals by voice that extends beyond familiarity with a particular language.
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Figure 1. English- (n = 24) and Mandarin- (n=24) speaking adults’ discrimination
of rhesus monkey individuals and human individuals by their voices. Both
English-speaking and Mandarin-speaking adults demonstrated a species
familiarity effect, discriminating between human voices much more easily than
between rhesus monkey voices (both p’s <.001). In addition, English-speaking
adults better discriminated between the English-speaking human voices than did
the Mandarin-speaking adults, suggesting a language-familiarity effect (p <.001).

Error bars represent within-subjects SEM.
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Figure 2. A “coo” call vocalization produced by a female adult rhesus monkey
and the English word “balloon” produced by a female adult human are
represented here in the form of spectrograms. In both vocalizations, the lowest
band on the spectrogram (i.e., the fundamental frequency [F0]) is stable, and both
vocalizations contain harmonic overtones, which are filtered by formants (F1-F4),
or the resonances of the vocal tract. However, the FO0 is higher in the rhesus “coo”
vocalization (418 Hz versus 209 Hz) and thus the formant frequencies are more

widely spaced than in the human “balloon”.
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Preface

In the previous two chapters, I provide evidence that perceptual narrowing
occurs during the development of the ability to discriminate voices. These studies
demonstrate that human infants become specialized for processing distinctions
relevant to individual identity in voices from their native- (human) species during
their first year after birth, while decreasing in sensitivity to such qualities in
foreign- (rhesus macaque [Macaca mulatta]) species voices. Previous research
indicates that exposure during a sensitive period is necessary for perceptual
narrowing to occur (although one animal study suggests that the end of the
sensitive period can be extended in the absence of all relevant stimulation, Sugita,

2008). The critical role of exposure is also revealed by studies that show that
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sensitivity to distinctions in foreign stimuli can be reinstated (once lost) by
providing a fixed period of exposure to the foreign stimulus at the end of the first
year (e.g., Kuhl, Tsao & Liu, 2003). In Chapter 4, I investigate whether two
weeks of twice-daily exposure to foreign-species (rhesus monkey) voices at home,
in the form of a CD-narrated storybook, can reinstate 12-month-olds’ sensitivity
to distinctions between individual monkey voices. The results support the
hypothesis that exposure plays a critical role in the narrowing of voice
discrimination abilities during the first year and suggest that the window of
plasticity for the processing of foreign voice-types remains open until at least 12
months of age. Discussion focuses on remaining questions and future directions
for this line of research, including consideration of the degree to which this
window of plasticity might remain open past infancy into childhood and

adulthood.
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ABSTRACT

Learning to differentiate individuals by their voice is an important social
skill for infants to acquire. In a previous study, we demonstrated that the ability to
discriminate individuals by their voices follows a pattern of perceptual narrowing
(Friendly, et al., submitted). Six-month-olds are able to discriminate between two
foreign-species (rhesus monkey) voices nearly as easily as between two native-
species (human) voices, but 12-month-olds are much better at human-voice than
monkey-voice discrimination, and demonstrate worse ability to discriminate
monkey voices than 6-month-old infants. Here we investigate the extent to which
the system remains plastic at 12 months after perceptual narrowing has occurred.
We found that 12-month-olds who received two weeks of monkey-voice training
were significantly better at discriminating between rhesus monkey voices than
untrained 12-month-olds. Furthermore, their discrimination was reinstated to a
level comparable to 6-month-olds who have not yet fully undergone perceptual
narrowing, suggesting that voice-processing abilities remain considerably plastic

at the end of the first year.
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1. Introduction

Human perception becomes specialized for socially-relevant information
in faces, voices, music, and language through a process of perceptual narrowing,
whereby perception improves for native stimuli experienced in the environment,
and becomes worse for foreign stimuli not experienced in the environment (for
reviews, see Lewkowicz & Ghazanfar, 2009; Scott et al., 2007). Perceptual
narrowing likely contributes to facilitating identification with a group and
becoming a fully functioning member of that group. This specialization enables
people to discriminate between individuals, identify group and species members,
and discern who is from one’s own group and who is from outside one’s group in
order to help inform decisions such as whether to approach or withdraw from a
situation. A number of studies indicate that, although perceptual narrowing
appears to be accomplished largely by the end of the first year after birth, a certain
amount of plasticity remains beyond this age. Here we examine whether a
relatively small amount of experience around 12 months of age with voices from a
foreign species with which infants have little experience can reinstate the ability
to discriminate pairs of voices from that foreign species.

An advantage for processing differences in native compared to foreign
stimuli by 12 months of age has been documented across a number of domains,
including faces (e.g.,, Kelly et al., 2007; Lewkowicz & Ghazanfar, 2006; Pascalis

et al., 2002; Pons et al.,,2009; Simpson et al., 2010), voices (Friendly et al.,
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submitted), music (e.g., Hannon & Trainor, 2007; Hannon & Trehub, 2005a,
2005b; Lynch et al., 1990; Trainor 2005; Trehub & Hannon, 2006), language
(e.g., Palmer et al., 2012; Kuhl, 2004; Kuhl et al., 2006; Kuhl et al., 1992; Polka
& Werker, 1994; Tsao et al., 2000; Werker & Tees, 1984; for reviews see Curtin
& Werker, 2007; Kuhl, 2008, Werker & Tees, 2005), and even action (Loucks &
Sommerville, 2012). For example, 6-month-olds are equally good at
discriminating two monkey faces as they are at discriminating two human faces,
but 9-month-olds and adults are much better with human faces (Pascalis et al.,
2002). Similarly, in the language domain, 6-month-old infants are equally good at
discriminating consonant speech sounds from two native or two foreign phonemic
categories whereas 10- to 12-month-olds are much better with native categories
(e.g., Kuhl at al., 2006; Werker & Tees, 1984).

Although less studied than speech and faces, voices are important social
stimuli for infants. People can be identified by the unique characteristics of their
voices, which is especially useful when visual cues are poor, and voices provide
cues to the listener about the size, gender, and age of a talker (e.g., Smith &
Patterson, 2005). Recently, Johnson et al. (2011) found that by 7 months of age,
infants exhibit an own-language effect when discriminating voices, just as they
exhibit an own-race effect when discriminating faces, with better discrimination
of voices speaking their native language compared to a foreign language.

Subsequently, Friendly et al. (submitted) found that infants demonstrate a similar
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native-voice processing advantage for voices from their native species, analogous
to the specialization infants show for discriminating own-species faces toward the
end of their first year after birth. Friendly et al. found that 6-months-olds were
able to discriminate among two native-species (human) voices as well as among
two foreign-species (rhesus monkey) voices, showing little difference in their
discrimination ability for the two voice types. However, by 12 months of age,
infants were worse than 6-month-olds at discriminating rhesus monkey voices,

and demonstrated a clear advantage for differentiating the human voices.

The important role of experience in perceptual narrowing is indicated by
research showing that sensitivity to foreign stimuli can in some cases be
maintained with exposure to a foreign stimulus during the period when loss
typically occurs (e.g., Burns et al., 2003; Pascalis et al., 2005; Scott & Monesson,
2009, 2010) or reinstated with exposure to a foreign stimulus after the period of
loss (e.g., Anzures, et al., 2012; Hannon & Trehub, 2005b; Kuhl et al., 2003). For
example, Pascalis et al. (2005) found that after 2 weeks of daily exposure to
monkey faces at 6 months of age, followed by 2.5 months of less frequent
exposure, 9-month-olds maintained the ability to discriminate a novel set of
monkey faces at a level comparable to that shown at 6 months of age. With
respect to reinstatement, 8- to 12-month-olds who received training with other-
race faces (Anzures et al., 2012), musical (Hannon & Trehub, 2005b), or

linguistic (Kuhl et al., 2003) stimuli foreign to their environment, demonstrated
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successful processing of those stimuli, whereas their untrained counterparts did
not. In the present paper, we investigate the generality of reinstatement by testing
whether experience with rhesus monkey voices around 12 months of age can
reverse the decrement in ability to discriminate such voices that has been
documented in previous research (Friendly et al., submitted).

In designing our training protocol, we considered two features that appear
to be important for exposure or training in infancy to result in learning. The first is
individual-level encoding (Archambault et al., 1999; Scott & Monesson 2009,
2010; Scott et al., 2006, 2008; Waxman & Braun, 2005). In the visual domain,
Scott and Monesson (2009) repeated the Pascalis et al. (2005) monkey-face
maintenance study, but used three different types of training regimen. One group
of infants was trained at the individual level, similar to the infants in Pascalis et
al.’s study, with parents labelling each monkey face with its own unique name
(e.g., Dario, Flora, Boris, etc.). A second group of infants was trained at the
category level, with parents labelling all monkey faces with the identifier
“monkey”. The third group of infants was trained through passive viewing alone,
with no label being read by parents during exposure. Interestingly, only the
infants who received individual-level training with monkey faces showed
maintenance of the ability to discriminate novel monkey faces at 9 months of age.
Scott and Monesson concluded that individual-level exposure was critical for

obtaining the effects found in Pascalis et al.’s study because it focused infants’
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attention on the features that were unique in each face, rather than on what the
monkey faces had in common. Similarly, Anzures et al. (2012) successfully
reinstated sensitivity to foreign-race faces in 8- to 10-month-olds after exposing
them to daily videos of foreign-race women who introduced themselves by name.
However, this was not compared to a no-name condition making it unclear if
labelling the faces by name influenced reinstatement in this study. Nevertheless,
considering the findings from Scott and Monesson (2009), we designed our
training procedure such that particular monkey voices would be associated with
unique monkey names and characters.

The second feature that promotes improved learning is social interaction.
Kuhl et al. (2003) demonstrated that English-learning infants who were exposed
to 12 sessions of Mandarin Chinese training between 9 and 10 months of age
showed only a reinstatement in the ability to discriminate between Mandarin-
specific phonemes at 10 to 11 months of age if they interacted with the Mandarin
speakers in person. Infants who received the same training in the form of an
audio-visual video or who received audio-alone training did not show a reverse in
the decline of the ability to discriminate Mandarin phonemes. Similar benefits of
social interaction have been found for native-language training using Baby
Einstein© videos, where infants required parental interaction in order to learn the
words that were featured in the videos (Richert et al., 2010). Likewise, active

musical interaction between infants and parents has been found to lead to earlier
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musical pitch enculturation compared to passive music listening (Gerry et al.,
2012; Trainor et al., 2012). On the other hand, Anzures et al. (2012) found
evidence of reinstatement, at 8 to 10 months of age, of sensitivity to foreign-race
faces after 3 weeks of daily exposure to audio-visual videos of other-race females
and Hannon and Trehub (2005b) found reinstatement of sensitivity to foreign
musical rhythms in 12-month-old infants who listened passively to these rhythms
at home on a CD. However, while parents were instructed to avoid drawing the
infants’ attention to the music and instead to go about their regular routines, the
CD may have been played during some type of social interaction between the
parent and infant.

In the present study, we gave 11.5-month-old infants specific exposure to
rhesus monkey voices under conditions that promoted individual-level encoding
in the context of social interaction. In particular, we designed a storybook and
accompanying audio CD narration that parents listened to with their infants twice
a day for a 2-week period. The storybook contained a number of exemplars of
each of four monkey characters’ voices. Following this exposure, we tested
infants’ ability to discriminate a new set of monkey voices. We compared their
discrimination of monkey voices to that of the 12- and 6-month-olds in Friendly et
al., submitted) who did not receive any training. We aimed to determine whether

this exposure would reinstate the ability to discriminate the monkey voices to the

119



Ph.D. Thesis - R. H. Friendly; McMaster U. - Psychology, Neuroscience & Behaviour

original level found at 6 months of age, before perceptual narrowing was fully

underway

2. Materials and methods

2.1 Participants

Twenty-four infants (mean age = 12.0 months, SD = 0.19 months at the
time of testing; 10 females) received two weeks of monkey-voice training prior to
testing (Trained-12 month Group). They were compared to two groups of infants
from our previous study that were tested in the identical procedure, but who did
not receive any training (Friendly et al., submitted). One group was also 12
months of age (n = 24, mean age = 12.0 months, SD = 0.19 months; 9 females;
Untrained-12 month Group) and the other group was 6 months of age (n = 24;
mean age = 6.1 months, SD = 0.22 months, 11 females; Untrained-6 month
Group). Parents gave informed consent and reported normal hearing for all
infants. Parents also reported all infants as hearing English 98-100% of the time in
their home environment. An additional 20 infants across the three groups were
excluded from the final sample due to fussiness (n = 4), failure to pass training
(see Procedure below; n = 7), receiving less than 23 training sessions (n = 5),
being too old at time of testing (n = 1) and hearing non-English languages more

than 2% of time in their home environment, as reported by parents (n = 3).
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2.2 Stimuli and Apparatus

2.2.1 Training Stimuli. A CD-narrated picture storybook was created for the
monkey voice training. Entitled “Beach Day for the Monkey Family”, it contained
colourful illustrations of four members of the Monkey Family going out for a day
at the beach. Each monkey (labelled as Daddy, Mommy, Sister and Brother
Monkey) was shown individually on a separate page, in consecutive order, six
times throughout the storybook (for an example, see Figure 1). The CD-narration
for the storybook was read by a monolingual English-speaking adult female and
spoken in an infant-directed manner. Parents were instructed to listen to the
accompanying CD and turn the page only at the sound of the chime, which
occurred 4 seconds after the last vocalization on each page. The CD was designed
so that every time one monkey was being viewed in the storybook, infants heard
two vocalizations produced by a real rthesus macaque (Macaca mulatta). Thus, on
the CD, each monkey character in the storybook was associated with the
vocalizations of only one particular rhesus monkey. Twelve rhesus voice
recordings were heard for each of the four rhesus monkey characters on the CD (6
tokens of the “coo” call category, heard two times each). The rhesus monkey
recordings were obtained from author DR (for methodology on obtaining these
recordings see Owren & Rendall, 2003; Rendall et al., 1996), edited using Cool
Edit Pro (Syntrillium Software; sampling rate = 44.1 kHz, [intensity] resolution =

16-bit), and normalized for peak intensity across the sample. On the CD, the
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recordings of each monkey were ordered randomly, with the stipulation that the
same “coo” token was never presented twice in a row and that the two tokens
heard on each page formed a unique pair. The four rhesus monkeys on the CD
were different from the monkeys used for testing. Those on the CD formed two
matched pairs (Daddy/Mommy monkey; Sister/Brother monkey) such that the set
of tokens for each voice in the pair were matched for mean duration (mean = .367
s, SD =.065 s; mean = .477 s, SD = .080 s, for the two pairs, respectively) and
minimum (mean = 218.78 Hz, SD = 116.45 Hz; mean = 469.45 Hz, SD = 24.78
Hz), maximum (mean = 458.48 Hz, SD = 70.31 Hz; mean = 535.57 Hz, SD =
20.50 Hz) and mean (mean = 340.12 Hz, SD = 86.48 Hz; mean = 514.46 Hz, SD
= 15.55 Hz) FO (analysed using Pratt software's autocorrelation algorithm, FO
searched for between 100-600 Hz; Boersma & Weenink, 2009). An excerpt from
the training storybook and CD (full version: 6 min 40 s in duration) can be found

at: http://psycserv.mcmaster.ca/ljt/ RSM/RSM.html.

2.2.2 Testing Stimuli. The rhesus monkey vocalizations used for testing were
identical to those used in our previous study (see Friendly et al., submitted), but
different from those used during training. Six vocal samples of the “coo” call
from each of four female rhesus monkeys were obtained from author DR (see
Owren & Rendall, 2003; Rendall et al., 1996), edited using Cool Edit Pro
(sampling rate = 44.1 kHz, [intensity] resolution = 16-bit), and normalized for

peak amplitude across the sample (Pair 1: voice 1 mean = 49 dB, range = 46-54
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dB, voice 2 mean = 49 dB, range = 47-51 dB; Pair 2: voice 1 mean = 55 dB, range

= 53-57 dB, voice 2 mean = 56 dB, range = 55-57 dB).

Two pairs of primate voices (six different “coo” call tokens for each
individual monkey) were paired based on acoustic analyses using Praat software,
such that their sets of tokens were matched for mean duration (mean =.302 s, SD
=.047 s; mean = .274 s, SD = .061 s, for the two pairs, respectively) and
minimum (mean = 282.36 Hz, SD = 66.28 Hz; mean = 502.48 Hz, SD = 18.93
Hz), maximum (mean = 351.84 Hz, SD = 49.87 Hz; mean = 562.59 Hz, SD =
32.49 Hz), and mean (mean = 320.50 Hz, SD = 48.72 Hz; mean = 542.04 Hz, SD
=26.30 Hz) FO. Four conditions (1A, 1B, 2A and 2B) were created for testing
infants so that, for each voice pair (1 and 2), one voice in the pair served as the
“change” voice and the other as the “background” voice for condition A (see

Procedure). The change and background voices were switched for condition B.

2.3 Procedure

2.3.1 Training procedure. Two weeks prior to testing, infants in the Trained
Group were mailed a package containing the illustrated storybook and
accompanying CD. The package also contained a music and language
questionnaire, daily reading log, and instructions for the infant’s training
schedule. Parents were instructed to play the CD twice a day at home for two

weeks, for a total of 28 training sessions, following along in the storybook with
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their infant. In order to ensure that the voice of each rhesus monkey on the CD
was associated with a particular character in the book (labeled either Daddy,
Mommy, Sister, or Brother Monkey), parents were instructed to turn each page of
the storybook only when they heard a musical chime sound. To make sure that
infants were engaged actively during the monkey-voice training, parents were
instructed to listen to the storybook together with their infant, interacting to
engage their infant’s attention as much as possible. Infants were reported to have
received between 23 and 29 sessions of training (mean = 28 sessions). One day
after the completion of the two-week training period, infants were brought into the

lab for testing.

2.3.2 Testing Procedure. Infants in the Trained Group were tested in the identical
Conditioned Head Turn (CHT) procedure as infants in the Untrained Groups from
Friendly et al. (submitted) (also see Werker et al., 1998). Infants were assigned
randomly to one of four stimulus conditions (1A, 1B, 2A or 2B), where the A and
B conditions reversed which voice of the pair was the background and which the

change voice.

During the testing phase of the CHT procedure, a loudspeaker located 90°
to the infant’s left played the six “coo” tokens from the background voice
repetitively in a quasi-random order such that the same token was never repeated

consecutively (stimulus onset asynchrony = 2 seconds). The parent sat across
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from the experimenter with the infant seated on his/her lap and listened to
masking music through headphones in order to eliminate potential parental
influence on the infant’s behaviour. The experimenter likewise listened to
masking music during testing. Throughout the experiment, tokens from the
background voice were played continuously. The experimenter pressed one button
when the infant was paying attention and facing forward (toward the
experimenter), indicating to the computer that the infant was ready for a trial.
There were 24 trials. Half (12) were control (no-change) trials that were
indistinguishable from the repeating background. The other half (12) were change
trials, on which the background voice was replaced by one of the six tokens of the
changed voice for one repetition. Across the 12 trials, each of the six change-
voice tokens was presented twice in a random order. The order of change and
control trials was quasi-random, with the constraint that no more than two control
trials were presented in a row. The experimenter pressed a second button when
the infant made a head-turn response of 45 degrees or more to the left towards the
speaker from which the sounds were played. Head turn responses occurring on
control trials (i.e., false alarms) were not rewarded by the computer. In contrast,
head turns on change trials (i.e., hits) that occurred within 1.5s of the onset of the
changed voice were rewarded by the computer with 2s of an animated light and
toy display. The proportion of hits and false alarms was converted into d' scores

for data analysis.
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Before infants began the testing phase of the CHT procedure, they first
had to pass an initial familiarization phase, which involved a training session
designed to familiarize them with the rule that when they made a head-turn
response to a change from one monkey’s voice to another, they would be
rewarded with an animated toy display. In this phase, only two of the six change-
voice tokens were used and there were no control trials. Furthermore, during
familiarization the change voice was played, on average, 8 dB louder than the
repeating background voice (see Stimuli for testing phase levels) in order to make
it a noticeable difference that would attract the infant’s attention to look toward
the loudspeaker. In order to pass the familiarization phase and proceed to the
testing phase, infants were required to make four correct head-turn responses in a
row within 20 training trials. Once in the testing phase, all six ‘coo’ tokens of the
change and background voices were presented at equal intensities. Infants who
did not pass this familiarization criterion were excluded from the final data set

(see Participants).

3. Results

As can be seen in Figure 2, infants in the Trained-12 month group
performed quite well at discriminating the monkey voices. Although all three

groups performed significantly above chance levels (Untrained-12 month: t(23) =
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3.53, p = .002; Untrained-6 month: t(23) = 9.70, p <.001; Trained-12 month:
t(23) = 8.69, p <.001), a one-way ANOVA with group indicated a significant
difference across groups in d' scores, F(2, 69) = 8.09, p =.001. A follow-up
independent samples t-test indicated that infants in the Trained-12 month Group
performed significantly better than age-matched infants in the Untrained-12
month Group, #(46) =3.62, p =.001, Cohen’s d = 1.07. As well, a comparison of
infants in the Trained-12 month Group to the younger infants who had not yet
achieved perceptual narrowing (Untrained-6 month Group) indicated no
significant difference between these groups, #(46) = 1.49, p = .14, Cohen’s d =
0.44. These findings suggest that two weeks of exposure to monkey voices at
11.5- 12 months of age (after perceptual narrowing has occurred) can reinstate

sensitivity to voices from a foreign species to a 6-month-old level.

4. Discussion

In previous work, we showed that the development of specialization for
own-species voice discrimination follows a pattern of perceptual narrowing, with
a decrease in infants’ ability to individuate rhesus monkey voices between 6 and
12 months of age (Friendly et al., submitted). In the present paper, we found that
after 2 weeks of twice-daily exposure to rhesus monkey voices in the form of a

CD-narrated storybook, 12-month-old infants demonstrated significantly better
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discrimination of novel rhesus monkey voices not heard during training compared
to 12-month-old infants who received no such training. Furthermore, the
performance of the 12-month-olds who received exposure to the monkey voices
was not significantly different from that of 6-month-old infants. The fact that
monkey voice exposure enhanced discrimination of monkey voices in 12-month-
olds to a level seen in 6-month-old infants indicates that the processes underlying
perceptual narrowing for voice identification retain considerable plasticity at least
until 12 months of age. This conclusion is consistent with studies in other
domains that indicate that exposure to a socially-relevant foreign stimulus can
either maintain (Burns et al., 2003; Pascalis et al., 2005; Scott & Monesson, 2009,
2010) or reinstate (Anzures et al., 2012; Hannon & Trehub, 2005b; Kuhl et al.,
2003) sensitivity past the period during which perceptual narrowing normally
occurs.

Previous studies on face processing suggest that maintenance of sensitivity
for individuating faces from a foreign species requires that the exposure to those
faces be at an individual level, with different labels, such as names, being applied
to the different faces in the exposure set (e.g., Scott & Monesson, 2009; Scott et
al., 2006). Those studies found that having infants simply observe foreign-species
faces, or experience them in the context of a common label applied to all faces
(e.g., “monkey”), does not lead to maintenance of the ability to discriminate these

faces. As well, Anzures et al. (2012) found that exposure to labelled foreign-race
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faces at 8- to 10-months reinstates infants’ ability to recognize foreign-race faces,
although they did not test under conditions with no labelling. Scott and Monesson
(2009) suggest that labelling faces by name might draw infants’ attention to the
differences between individuals, rather than to what the individuals have in
common. On the other hand, phoneme categories in speech and metrical structures
in music do not apply to individual people or individuals from other species
(although changes in phonemes can signal changes in word meaning), and explicit
individuation though the use of labels in these cases does not seem to be
necessary for exposure to foreign categories or structures to disrupt perceptual
narrowing (Hannon & Trehub, 2005b; Kuhl et al., 2003). The case of
distinguishing individuals by their voice would seem to be similar to the case of
distinguishing individuals by their face, suggesting that attention to differences
between individuals during exposure might be critical for reinstating sensitivity to
voices from a foreign species. This could be tested in future research on
distinguishing voices by using a training protocol that either applies no label at all
or that applies the label "monkey" to each rhesus monkey voice sample during
training.

Social interaction also has been identified as important for plasticity
during the period of perceptual narrowing (Kuhl et al., 2003; Gerry et al., 2012).
On the other hand, Hannon and Trehub (2005b) found that 2 weeks of twice-daily

passive exposure to foreign musical rhythms was sufficient to reinstate 12-month-
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olds’ ability to detect violations in foreign rhythmic structure. In the present
study, infants receive training in the social context of parental interaction. It is
possible that passive exposure to foreign stimuli can affect perceptual narrowing,
but that exposure in a social context is more powerful. It remains for future
research to determine whether the social interaction during the training phase of
the present study was a necessary condition for the reinstatement of sensitivity to
monkey voices.

In interpreting the effects of different kinds of experience on reinstatement
of abilities at 12 month of age, it is important to consider the results from a study
by Fair et al. (2012), in which sensitivity to distinctions in foreign-species
(monkey) faces at 12 months was observed without a prescribed at-home training
period, by simply extending the length of the familiarization period at the time of
testing. Specifically, Fair et al. demonstrated that 12-month-olds showed no
evidence of discriminating unfamiliar monkey-face after 20s of familiarization,
but did discriminate them after 40s of familiarization. This extended
familiarization period could be considered a relatively brief form of training
(although with only one face), but it is surprising that reinstatement could be

achieved after such a brief training.

A final question concerns the age range over which the window of
plasticity remains open with respect to learning to discriminate foreign voices. In

other domains, there is evidence that some plasticity remains throughout the
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lifespan in that exposure to foreign stimuli in childhood (e.g., Feinman &
Entwisle, 1976; Macchi Cassia et al., 2009; Sangrigoli et al., 2005; Wang & Kuhl,
2003) or adulthood (e.g., Bradlow et al., 1999; de Heering & Rossion, 2008;
Iverson et al., 2005; Kuefner et al., 2008; McCandliss et al., 2002; Pruitt et al.,
2006; Scott et al., 2006, 2008; Tees & Werker, 1984; Zhang et al., 2009) results in
improved processing of those stimuli, particularly if the training contains highly
variable and numerous stimuli (Zhang et al., 2009), if differences between the
stimuli are exaggerated (McCandliss et al., 2002), or if the person had some
exposure to the stimuli earlier in life (e.g., Lenneberg, 1967; Macchi Cassia et al.,
2009; Newport et al., 2001; Oh et al., 2010; Sangrigoli et al., 2005; Tees &
Werker, 1984). However, completely native-like processing of foreign stimuli
appears to be very difficult, if not impossible, to achieve in adulthood (e.g., Flege
et al., 1999; Hannon & Trehub, 2005b; Iverson et al., 2005; McCandliss et al.,
2002; Takagi, 2002; Takagi & Mann, 1995, for reviews see Birdsong, 2006;
Hernandez & Li, 2007). Nevertheless, Sangrigoli, et al. (2005) found native-like
discrimination of Caucasian faces by Korean adults who were adopted by French
families between 3 to 9 years of age, suggesting that it is possible to demonstrate
native levels of foreign-race face processing under certain conditions. In the
present study, informal feedback from parents who participated with their infants
suggests that parents had a difficult time distinguishing between the four monkey

voices used in the storybook, even after listening to the story with their infant for
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the 2-week, twice-daily period. However, it is possible that with sufficient
training, adults could become proficient at discriminating foreign voices, as their
ability to discriminate the monkey voices is poor but above chance levels without

training. Again, this could be investigated in a future study.

In summary, perceptual narrowing achieved by the end of the first year
after birth for discriminating voices can be modified by two weeks of exposure to
voices from a foreign species, indicating a period of flexibility and plasticity
following narrowing. It remains for future research to determine the time course
of this plasticity across the lifespan, the effects of the social context, and whether
individual-level training is important in perceptual narrowing for voice

discrimination.
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FIGURES

Mommy Monkey is
excited! She shouts...4)

Daddy Monkey is excited!
He shouts... 4}

Today, the Monkey
family is going to the
beach.

Brother Monkey is excited!
He shouts... 4}

Sister Monkey is excited!
She shouts... 4/

Figure 1. An excerpt from the training stimulus storybook “Beach Day for the
Monkey Family”. A CD that contained the story narration and vocalizations
belonging to four individual rhesus monkeys (six different coo tokens per
monkey) accompanied the storybook. Each rhesus voice was always associated
with the same monkey character in the story (either Daddy, Mommy, Sister, or
Brother Monkey), and the monkey characters were presented in the same order six
times throughout the book. The full storybook and CD can be found at:

http://psycserv.mcmaster.ca/ljt/RSM/RSM.html
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Figure 2. Rhesus monkey voice discrimination abilities of 12-month-old infants
(n = 24) who received monkey-voice training (Trained-12 month) in the present
study compared to 6- (Untrained-6 month) and 12-month-old (Untrained-12
month) infants (n = 24 each) who did not receive training and were tested in a
previous study (Friendly et al., submitted). Discrimination was significantly better
for trained than untrained 12-month-old infants (p =.001). There was no
significant difference between trained 12-month-old and untrained 6-month-old
infants, suggesting that two weeks of exposure to monkey voices at 12 months
reinstates processing of foreign-species voices to a level observed at 6 months,

before perceptual narrowing is fully underway. Error bars represent SEM.
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CHAPTER 5: General Discussion

Thesis Findings and Unique Contributions

In the present thesis, I examined the development of voice discrimination
abilities during the first year after birth. In Chapter 2, I investigated whether the
ability to discriminate voices might develop through a process of perceptual
narrowing, with infants becoming specialized for processing differences between
voices in their native species by the end of their first year, similar to the
perceptual narrowing previously observed for other socially-relevant stimuli from
auditory (e.g., language, music) and visual (e.g., faces) domains (for reviews see
Lewkowicz & Ghazanfar, 2009; Scott, Pascalis & Nelson, 2007). Although a
previous study found evidence that 7-month-old infants demonstrate language-
specificity when individuating voices speaking a foreign versus their native
language (Johnson, Westrek, Nazzi, & Cutler, 2011), results of the present thesis
are the first to reveal evidence of perceptual narrowing for the unique
characteristics of human voices, with specialization developing between 6 and 12
months of age for human compared to rhesus macaque (Macaca mulatta) voices.
Specifically, at 6 months infants are similar in their abilities to discriminate
between two human voices and between two monkey voices whereas at 12

months infants are much better at discriminating human than monkey voices.
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In Chapter 3 of the present thesis, I examined whether the processing
advantage for human voices observed for adults in Chapter 2 was driven primarily
by participants’ familiarity with the language spoken (English) or with the species
type (human) of the vocalizations. Since the human vocalizations used in Chapter
2 consisted of females uttering the English word “balloon”, and given that
specialization for voices speaking the native language has been demonstrated in 7-
month-olds (Johnson et al., 2011), it was unclear to what extent the results of the
adults in Chapter 2 reflected specialization for the unique characteristics of human
voices in general, or for the English language in particular. To examine this, I
investigated whether an advantage for processing these vocalizations would be
evident in an adult Chinese population for which English was a foreign, rarely
heard language. The findings revealed that Mandarin-speaking adults, who had
little or no exposure to the English language, did exhibit an own-species effect,
specifically demonstrating much better discrimination of the human (English)
voices than the rhesus monkey voices. At the same time, however, the English-
speaking adults from Chapter 2 performed significantly better at discriminating
the human (English) vocalizations than did the Mandarin-speaking adults tested in
Chapter 3, which is in line with a few previous studies that have found own-
language effects operating during the individuation of voices in adulthood (e.g.,
Goggin, Thompson, Sturbe & Simental, 1991; Koster, & Schiller, 1997).

However, there were also differences between the populations in terms of
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education level, so it is not clear whether these results reflect the operation of an
other-language effect. In any case, the important result is that the data clearly
show the operation of an other-species effect in adults and support that idea of
specialization for discrimination of voices with characteristics of the human vocal

tract.

In Chapter 4 of the present thesis, I described the first study to explore the
influence of exposure to foreign-voices after perceptual narrowing has occurred at
the end of the first year after birth. Previous studies provide evidence that
experience plays a key role in the process of perceptual narrowing. For example,
exposure to foreign consonant contrasts (Kuhl, Tsao, & Liu, 2003), other-race
faces (Anzures et al., 2012) and musical rhythms (Hannon & Trehub, 2005b) at
the end of the first year can reinstate perceptual sensitivity that was previous
dampened during the narrowing process. In Chapter 4, I investigated whether a
similar reinstatement of sensitivity to distinctions in foreign-species voices would
be observed with exposure to these voices at the end of the first year after birth.
To test this, I compared the discrimination of foreign-species (rhesus monkey)
voices by 12-month-olds who received two weeks of twice-daily training (with a
different set of rhesus monkey voices than those used during testing) with the 12-
month-olds from Chapter 2, who received no such training. The findings revealed
superior discrimination of monkey voices by the trained 12-month-olds compared

to the untrained 12-month-old infants. Furthermore, there is evidence that trained
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12-month-olds were able to discriminate the monkey voices at least as well as 6-
month-old infants. These findings suggest that exposure to foreign-species' voices
can reinstate sensitivity to these voices once perceptual narrowing has occurred.
The findings are in line with the previous research demonstrating reinstatement of
sensitivity to foreign auditory stimuli (phonemes, musical rthythms) (Hannon &
Trehub, 2005b; Kuhl et al., 2003), and foreign-races faces (Anzures et al, 2012).
They are also in line with research demonstrating that sensitivity to distinctions in
individual monkey faces can be maintained with exposure to monkey faces
labelled at an individual-level using distinct names (Pascalis et al., 2005, Scott &
Monesson, 2009). An important implication of this study is that the window of
plasticity for sensitivity to foreign-species voices appears to remain open until at

least 12 months of age.

Further Questions Related to Perceptual Narrowing

One question for further study is whether the window of plasticity for
specialization of voice discrimination remains open after one year of age. The
ability to distinguish foreign stimuli has been demonstrated to depend on the
timing and type of exposure received. In infancy, experience with foreign-species
faces during the perceptual narrowing period can maintain sensitivity to foreign-

species faces (Pascalis et al., 2005), and experience just after the narrowing period

149



Ph.D. Thesis - R. H. Friendly; McMaster U. - Psychology, Neuroscience & Behaviour

can reinstate sensitivity to foreign-race faces, foreign consonant contrasts and
foreign musical rhythms (Anzures et al., 2012; Hannon & Trehub, 2005b; Kuhl et
al., 2003) to levels seen prior to narrowing. After the first year, the effects of
exposure appear to decrease with age (e.g., Flege, Yeni-Komshian, & Liu, 1999;
Hannon & Trehub, 2005b). Although exposure to foreign stimuli in childhood
(e.g., Macchi Cassia, Kuefner, Picozzi & Vescovo, 2009; Sangrigoli, 2005) and
adulthood (e.g., Iverson, Hazan & Bannister, 2005; Kuefner, Macchi Cassia,
Picozzi & Bricolo, 2008) increases an individual’s ability to discriminate these
foreign stimuli, adults generally never learn to process them at a native-like level
(e.g., Hannon & Trehub, 2005b; for reviews see Birdsong, 2006; Hernandez & Li,
2007). Nevertheless, evidence suggests that training is more effective for adults
who were exposed to foreign faces (Macchi Cassia et al., 2009; Sangrigoli et al.,
2005) and languages (e.g., Oh, Au & Jun, 2010; Tees & Werker, 1984) during
infancy and/or childhood, but not after, compared to adults who were never

exposed previously to the foreign stimuli.

Despite this evidence for diminishing plasticity with age, in some cases,
considerable plasticity appears to remain throughout the lifespan. For example,
preschool teachers, who receive extensive exposure to children’s faces, do not
demonstrate the other age effect (i.e., poorer discrimination of children’s than
adults’ faces), which is observed for most adults (de Heering & Rossion, 2008).

Furthermore, if exposure to foreign faces is continuous from childhood to
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adulthood, and there is no exposure to native faces during this period, then
processing of foreign faces can reach native-like levels. Sangrigoli, Pallier,
Argenti, Ventureyra, and de Schonen (2005) found that Korean adults, who were
adopted by Caucasian (French) families between 3 to 9 years of age, could
discriminate successfully among Caucasian (French) faces at a level akin to that
observed in French adults, and better than the level of Korean adults who moved
to France as adults. With respect to non-human primates, rhesus monkeys were
able to match the faces and voices of the human caregivers and researches they
were familiar with (Sliwa, Duhamel, Pascalis & Wirth, 2011). However, the
ability to process foreign stimulus distinctions at a native-like level can come at
the expense of the ability to process distinctions in native stimuli, at least for
linguistic processing. After their adoption by French-speaking families, Korean
adults who have no exposure to their first language (Korean), lose the processing
advantages for their first language, and do not regain much advantage following

exposure (Pallier at al., 2003; Ventureyra, Pallier & Yoo, 2004).

With respect to voice discrimination, it remains for future research to
investigate the extent to which exposure to foreign-species voices can improve the
ability of human children and adults to discriminate foreign-species voices, and
whether the effectiveness of training decreases with age. Such investigations will
shed light on whether there are sensitive periods during which exposure to foreign

voice types has particular impact, and when during the lifespan these sensitive
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periods may occur. For instance, if it is found that exposure does not lead to
improvements in children’s and adults’ ability to discriminate foreign-species
voices, or if the improvements found are significantly less than those shown at 12
months of age in Chapter 4 of the present thesis, then this would suggest that the
sensitive period is restricted to the end of the first year after birth, at least for
sensitivity to rhesus monkey voices. On the other hand, if children or adults show
levels of improvement following exposure similar to those found in 12-month-
olds, then this would suggest that the sensitive period might extend into childhood

or adulthood, respectively.

Another remaining question in the literature on perceptual narrowing
concerns the timing of sensitive periods in the absence of all stimulation. In other
words, does the timing of perceptual narrowing remain constant, regardless of
experience with native stimuli, or does exposure to native stimuli affect the timing
of perceptual narrowing? To date, there has been only one highly controlled
investigation of this question. Sugita (2008) examined the development of face
processing in monkeys that were reared without exposure to any faces from birth
for periods ranging from 6 to 24 months. During the deprivation period, the
monkeys showed evidence of equal ability for discriminating photographs of
human and monkey faces. Following facial deprivation, monkeys were exposed to
either human or monkey faces (in the form of interaction with individuals) for a

month, after which the monkeys were successfully able to discriminate

152



Ph.D. Thesis - R. H. Friendly; McMaster U. - Psychology, Neuroscience & Behaviour

photographs only of the face type to which they had been exposed. That study
demonstrates that, in the absence of all experience with faces, the sensitive period
for face specialization can be extended, and perceptual narrowing for face
discrimination can be postponed, to at least 2 years of age in monkeys. The

answer to this question remains unknown for voices.

A further question concerns the neural mechanism(s) by which perceptual
narrowing takes place. Perceptual narrowing has been proposed to be a domain-
general process through which the brain is prepared to process distinctions that
are critical in the individual’s environment, since this phenomenon has been
documented across multiple socially-relevant stimuli in the auditory and visual
domains (e.g., Black, Jones, Nelson & Greenough, 1998; see Scott et al., 2007 for
a review). Currently, however, perceptual narrowing has not been demonstrated
in the olfactory, gustatory, or tactile domains, which leaves question as to whether
narrowing is in fact domain-general, or if it is specific to the auditory and visual
domains. If narrowing is indeed domain-general, and if it follows a similar time
frame across domains, then it is expected that young infants initially would be
sensitive to important distinctions in the smells, tastes and tactile feel of stimuli
from both their native and from foreign environments, but that this sensitivity
would become specific to native stimuli by the end of the first year. Thus, future
research is needed to investigate whether perceptual narrowing occurs, and if it

occurs during the first year after birth, for domains other than auditory and visual.
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A number of neural mechanisms have been proposed to underlie the
narrowing process. There is currently little definitive evidence that perceptual
narrowing results from any of these proposed mechanisms and it should be noted
that they are not necessarily mutually exclusive. One popular model posits that
perceptual narrowing occurs as a result of pruning (or elimination) of an initial
over-abundance of neuronal connections in the brain (Changeux & Danchin,
1976; Cowan, Fawcett, O'Leary & Stanfield, 1984; Goldman-Rakic, 1987;
Huttenlocher, 1979; Low & Chen, 2006; Scott et al., 2007; Webb, Monk, &
Nelson, 2001). In other words, this model suggests that young infants have a large
number of neural connections, but that the connections between neurons that
receive relatively little or no concurrent stimulation are selectively eliminated as
the brain develops, while those that do receive concurrent stimulation are
strengthened. A second model of neural plasticity suggests that perceptual
narrowing results from elaboration (or the creation of new neural connections),
rather than from the pruning of relatively weakly stimulated connections (see
Lewkowicz & Ghazanfar, 2009, Box 2). Evidence supporting the second model
comes from neural studies of non-human animals showing that, for example,
regions of the rodent and ferret brains (e.g., the somatosensory and visual cortices,
respectively) lack profuse neural connections early in development (Agmon,
Yang, O’Dowd & Jones, 1993; Quartz & Sejnowski, 1997), and that the rhesus

monkey brain continues to increase in terms of the number of neural connections
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for a relatively long period after birth (Bourgeois & Rakic, 1993; Purves, White &
Riddle, 1996). However, the models are not mutually exclusive, as pruning of
unused neural connections has been shown to follow elaboration or strengthening
of used connection during development across a wide range of mammalian

species, including humans (e.g., Bourgeois, 1997; Sowell et al., 2003).

A third mechanism suggested to facilitate perceptual narrowing is a shift
in brain regions utilized for perceptual discrimination during infancy. Evidence
for this shift comes from a study investigating activations in the human infant
brain during the processing of emotion in intersensory face/voice stimuli (Vogel,
Monesson & Scott, 2012). Vogel et al. found that between 5 and 9 months of age,
intersensory processing narrows, becoming specialized for native-race emotional
stimuli. In addition, between 5 and 9 months, there is a shift, for the most part, in
the neural networks activated in response to incongruous emotional face-voice
congruency in native- and foreign-race stimuli, from an anterior event-related
potential (ERP) component associated with attention to a posterior ERP
component associated with perception. Additionally, there is evidence from brain
imaging studies with adults of stronger brain activation in a region associated with
voice processing (the superior temporal sulcus) in response to native- compared to
foreign-species voices (Fecteau, Armony, Joanette & Belin, 2004, see Belin, 2006
for review). However, it remains unknown as to what regions of the brain are

associated with the processing of these voice types during infancy, and whether
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these brain regions change over the course of development. Investigations of
changes over infancy in brain regions activated during voice processing, and
comparisons with changes in brain regions activated for face and intersensory
processing, would help to clarify whether perceptual narrowing is associated with

shifts in the brain regions processing these stimuli

Considering the aforementioned models, which attempt to explain the
neural mechanisms underlying perceptual narrowing, it is important to note that
ERP research on perceptual narrowing provides evidence that some neural
sensitivity remains to foreign distinctions in infancy, even after infants are no
longer behaviourally showing evidence of sensitivity to these distinctions (Rivera-
Gaxiola, Silva-Pereyra, & Kuhl, 2005; Scott, Shannon, & Nelson, 2006). For
example, although behavioural studies reveal no evidence of sensitivity to foreign
phoneme contrasts by about 10 months of age, a longitudinal ERP study
demonstrated that from 7 to 11 months of age, infants retain neural sensitivity to
foreign phoneme contrasts (Rivera-Gaxiola et al., 2005). Similarly in the visual
domain, 9-month-olds generally show behavioural specialization for own-species
(human) over foreign-species (monkey) faces (Pascalis, de Haan & Nelson, 2002).
Neural evidence also demonstrates that there is some neural specialization for
human compared to monkey faces at this age, but 11-month-old infants still show
a differential ERP response to familiar versus unfamiliar monkey faces,

suggesting that some sensitivity is maintained to individual distinctions in
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foreign-species faces (Scott et al., 2006). As this ERP response is preconscious,
this research suggests that the brain retains sensitivity to foreign distinctions, even
when participants are not consciously aware of these distinctions. Scott et al.
(2007) suggest that although the brain may retain some sensitivity to distinctions
in foreign faces and speech sounds, experience with these distinctions might be
required in order for this sensitivity to manifest behaviourally. Thus, remaining
neural sensitivity might contribute to the reinstatement of infants' ability to
manifest behavioural sensitivity to distinctions in foreign social stimuli after
experience. In Chapter 2 of the present thesis, | demonstrate that behavioural
sensitivity to individual distinctions in foreign-species (monkey) voices decreases
considerably between 6 to 12 months of age. Although neural evidence of species
specificity has been found during the processing of voices in human adults
(Fecteau et al., 2004, see Belin, 2006 for review), neural sensitivity to foreign
voices has not been measured in infants. Furthermore, it is unknown whether this
sensitivity remains later during the first year after birth. If neural sensitivity to
foreign-species voices is found during this period, this would lend support to the
idea that remaining preconscious neural sensitivity to foreign distinctions
contributes to the effects of experience on maintaining or reinstating sensitivity to

these distinctions during infancy.

Beyond understanding the mechanisms underlying the narrowing process,

it is important to consider the benefits of perceptual narrowing. With respect to
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the present thesis, one might consider why infants’ perceptual abilities become
specialized for native-species voices. As early as the third prenatal trimester, there
is evidence suggesting that the fetus’ responsiveness to sounds reaches
sophisticated levels, as documented in particular in relation to the perception of
speech (see DeCasper & Fifer, 1980 for review). In addition, many of the auditory
abilities required to differentiate individuals by voice are already present in
newborns, such as sensitivity to intonation, variation in frequency, rhythmicity
and the phonetic components of speech (see DeCasper & Fifer, 1980; Floccia,
Nazzi & Bertoncini, 2000 for reviews). These early abilities also facilitate
language acquisition. In adulthood, familiarity with voices also has been shown to
facilitate linguistic performance. For example, identifying novel words masked by
varying levels of noise is easier when listening to a familiar compared to
unfamiliar speaker (e.g., Nygaard, Sommers & Pisoni, 1994). However, language
comprehension is unlikely the only benefit for becoming specialized for

discriminating human voices in one's native language group.

Another proposed benefit of infants’ early auditory competency is that it
might facilitate mother-infant bonding (see DeCasper & Fifer, 1980 for review).
Indeed, the ability to discriminate the voice of one’s mother from that of a female
stranger might encourage the bonding process. However, perceptual narrowing for
species-specific voice discrimination appears to occur largely between 6 and 12

months of age, long after a bond has been established between the infant and its
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mother. During this period of time, the infant is becoming more aware of other
people in his or her environment. Perhaps, then, at this point in development it is
important to be able to discriminate and identify the individuals in the immediate
environment, and perceptual narrowing helps in this endeavor. It is reasonable to
postulate that the perceptual narrowing of voice discrimination (in addition to
face, phonetic, and musical discrimination) abilities facilitates infants’ learning of
the social group to which they belong (the ‘in-group’) and which they do not (the
‘out-group’). Identifying one’s in-group, such as one’s native race or species, has
potential evolutionary benefits. In the environments of our early ancestors,
members of one’s in-group generally were encountered more frequently than out-
group members, making them more relevant in terms of decision-making related
to survival and reproductive fitness (Ackerman et al., 2006). As infants progress
through their first year, they become increasingly mobile and can begin to make
decisions about whom they approach and from whom they withdraw. In-group
members tend to be more likely than out-group members to provide these infants
with resources important to their survival, such as food and shelter. As
development progresses through to adulthood, social interactions that are most
important to an individual’s outcomes (e.g., mate selection, negotiation, and
exchange of status hierarchies) occur mainly within the in-group, which was the
case historically, and remains so today (Ackerman et al., 2006; Fiske, 1992). In

contrast, interaction with out-group members tends to be less frequent and
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generally present at the group, rather than individual, level (Ackerman et al.,
2006). Thus, there are significant advantages to specializing for identifying
between members of one’s in- versus out-group by the end of the first year after

birth.

Limitations and Future Directions

The present thesis is the first to examine the time line of perceptual
narrowing for voice-discrimination abilities during the first year after birth.
However, some key questions remain unanswered. First, why do the 6-month-olds
tested in Chapter 2 demonstrate a slight processing advantage for native-species
(human) voices? Second, until what age does the window of plasticity (i.e., the
sensitive period) remain open for learning to discriminate distinctions in foreign-
species voices after the first year? Third, what is/are the neural mechanism(s)
driving the narrowing process during the early development of voice
discrimination? And fourth, do the perceptual narrowing results found in the
present study generalize to other voice types, or other types of human

vocalizations?

In Chapter 2, the results suggest that the beginnings of specialization for
processing individual distinctions in human voices already might be evident as

early as 6 months of age, which is in line with the narrowing time frame for some
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previously-examined stimuli (other-race faces, vowels), but out of line with the
time frame for other stimuli (monkey faces, consonants, musical pitch and
rhythm) that do not show evidence of narrowing until after 6 months of age (see
Lewkowicz & Ghazanfar, 2009; Scott et al., 2007 for reviews). One possible
explanation for this relatively early narrowing time line, proposed in Chapter 2, is
that perceptual narrowing occurs earlier in development for stimuli that enable
individual identification, than for stimuli that enable communication between
individuals. However, it is possible that the small human-voice processing
advantage found at 6 months does not reflect exclusively early experience-driven

perceptual narrowing.

An alternative explanation for the pattern of results observed at 6 months
of age involves inherent properties of the vocal stimuli used for testing rather than
experience. This alternative explanation is that the human voice stimuli used for
testing in Chapters 2 through 4 might have been intrinsically easier to distinguish
than the monkey voice stimuli. Although similarities exist between human and
rhesus monkey vocalizations, there are also a number of differences related to the
anatomy of each species’ vocal tracts and the spectral qualities of their vocal
output as described in Chapters 2 to 4 (Fant, 1960; Fitch, 1997; Fitch & Giedd,
1999; Owren & Rendall, 2003; Schon Ybarra, 1995; Titze, 1994). These
differences could enable participants to detect distinctions in the quality of

individual human voices more easily than in rhesus monkey voices. This idea is

161



Ph.D. Thesis - R. H. Friendly; McMaster U. - Psychology, Neuroscience & Behaviour

supported by research demonstrating that certain acoustic differences may be
intrinsically more difficult to discriminate than others, such as phonemic sounds
that have relatively low acoustic salience (Narayan, Werker & Beddor, 2010). It
remains for future studies to investigate the intrinsic similarity of human and
monkey vocalizations in order to determine if internal qualities of the testing
stimuli (rather than, or in addition to, experience-driven perceptual narrowing)
influences the developmental perception of individual voices across species.
Three ways the inherent discriminability of the human and monkey vocal stimuli
could be tested are (1) to add a control condition where participants are required
to discriminate backward vocalizations (removing effects of prosody and
language), (2) to test Chinese- and English- speaking adults on their
discrimination of Chinese and English voices, as well as monkey vocalizations, to
determine if the results in Chapter 3 truly reflect an own-language effect or rather
stimuli differences in discriminability, or (3) to create synthetic vocal stimuli that
differ only on one/some of the acoustic qualities inherent in the human and
primate vocal stimuli used in the present thesis. The latter method would enable
researchers to determine whether one particular quality (or combination of
qualities) is related directly to the discriminability of voices by infants and adults.
For example, in Chapters 2 to 4, the human vocalizations used for testing were
approximately 300 ms longer on average than the monkey vocalizations. Also, the

fundamental and formant frequencies of the monkey vocalizations were
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substantially higher than those of the human vocalizations (see Chapter 2 methods
for values). It is unclear whether the monkey vocalizations were more difficult to
discriminate because they were shorter (possibly containing less information) or
higher in fundamental frequency than the human voices. In terms of the
fundamental frequency of the voices, it has been shown that 6-month-olds are
worse at discriminating synthetic English vowel sounds that are higher in pitch
(presented in a female, infant-directed pitch range) compared to those that are
lower in pitch (presented in a female, adult-directed range) (Trainor & Desjardins,
2002). One possibility is that this is because voices with lower pitch have more
narrowly-spaced harmonics than higher-pitched voices, with harmonic energy
closer to the frequencies of the formant resonances, leading to it being easier to
detect the location of the formants (Lieberman & Blumstein, 1988). This supports
the idea that the human voices might be easier to discriminate because their pitch
is lower than that of the monkey voices. Therefore, a study examining the
influence of such acoustic qualities would help identify whether acoustic traits of
monkey voice stimuli might be intrinsically more difficult to discriminate than

those of human voice stimuli.

One might argue that the pattern of results found in the present thesis for
infants could reflect 6-month-olds simply being worse at the head-turn task than
12-month olds. However, the findings argue against this as these groups did not

differ significantly in their discrimination of human voices, suggesting that the
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head-turn task was not more difficult for infants at 6 compared to 12 months of
age. This, in addition to the fact that infants’ ability to discriminate monkey
voices decreases between 6 and 12 months of age, suggests that acoustic
differences between the human and monkey voices do not explain the perceptual
narrowing findings. In the future, it would be useful to conduct a crossover
design, comparing rhesus monkeys’ ability to discriminate among the human and
monkey vocalizations used in the present study to those of humans. This
comparison would shed light on whether the monkey vocalizations are inherently
easier to discriminate than the human vocalizations, because in this case the
monkeys should demonstrate better discrimination of the human voices, rather
than the expected own-species voice discrimination advantage. Furthermore, a
language crossover design, testing the discrimination of Mandarin vocalizations
by both English-and Mandarin-speaking adults, would be useful in supporting the

proposed language effects reported in Chapter 3 of this thesis.

Another explanation for the pattern of results observed at 6 months of age
that does not involve experience relates to the different developmental trajectories
for the maturation of spectral and temporal auditory processing. Previous research
has found earlier evidence of perceptual narrowing for vowel sounds than for
consonant sounds (see review by Kuhl, 2008). While temporal (duration) features
tend to define consonant sounds, spectral (sound frequency) features primarily

define vowel sounds (e.g., Rosen, 1992). A number of studies suggest that fine
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temporal processing is relatively immature during early infancy and that the
mechanisms that enable temporal processing develop more slowly than those for
spectral processing (Clarkson & Clifton, 1995; Smith, Trainor & Shore, 2006;
Werner, Marean, Halpin, Spetner & Gillenwater, 1992). For this reason,
perceptual narrowing may occur earlier for sounds involving primarily spectral
information, such as vowels, as well as individual vocal quality (or timbre), than
for sounds involving primarily temporal information, such as consonants and
musical rhythm. On the other hand, this explanation does not account for the
finding that perceptual narrowing occurs relatively early for face processing (e.g.,
Kelly et al., 2007); nor does it account for findings that musical pitch processing
narrows relatively late during development (e.g., Lynch, Eilers, Oller, & Urbano,
1990; Trainor & Trehub, 1992). In the present thesis, both the human “balloon”
and monkey “coo” vocalizations contained primarily vowel sounds. However, the
human, but not the monkey, vocalizations also included consonants (e.g., /b/).
This makes it hard to rule out the role temporal processing might play in
participants’ discrimination of the human voices. Thus, the idea that voice
discrimination narrows relatively early because it depends largely on spectral
auditory processing requires further examination, such as comparing participants’
discrimination of rhesus “coos” to that of human vowel sounds that do not contain

consonants.
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A related question is whether specialization for human voices is present at
an age younger than 6-months-old. For example, would the trend for a human-
voice discrimination advantage disappear at 4 months of age or is the small
advantage for processing human voices found at six months of age also found at 4
months, or even at birth, representing an initial developmental condition in
humans? There is some evidence to suggest that general changes between birth
and 6 months occur for the perception of primate and human voices. For example,
differential brain activation to human and primate vocalizations is found in
Japanese 4-month-olds (Minagawa-Kawai et al., 2011), and general preferences
for human speech over rhesus monkey vocalizations are found at 3 months of age,
but not in neonates (Vouloumanos, Hauser, Werker, & Martin, 2010). Still, these
differences could be due to the aforementioned disparity in the acoustic features
between human and rhesus monkey voices. On the other hand, infants can match
dynamic monkey faces with monkey vocalizations as early as 4 months of age
(Lewkowicz & Ghazanfar, 2006), although this ability has been attributed more to
sensitivity to temporal synchrony than to the monkey stimuli specifically
(Lewkowicz, Sowinski & Place, 2008). Thus, if specialization for human voice
discrimination follows the same early developmental time line found for the
processing of faces and vowels, infants younger than 6 months should not

demonstrate a clear advantage for processing human over monkey voices.
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A second key question remaining in the present line of research concerns
when the sensitive period ends for learning to discriminate voices from a foreign
species. In particular, although Chapter 4 demonstrated that a period of exposure
to individually-named rhesus monkey voices could reinstate sensitivity to
individual distinctions in novel examples of this category of voices at 12 months
of age, it remains unclear as to how long this window of plasticity remains open.
Research on non-human primates highlights the important role of exposure on
sensitive periods, demonstrating that early facial deprivation, followed by a period
of exposure to own- or foreign-species faces, can extend the period of
specialization for experienced facial stimuli for at least 2 years (Sugita, 2008).
Human studies suggest that the timing of exposure (or training) influences the
ability to reinstate sensitivity to foreign distinctions, as this ability decreases with
age. Although adults can learn to discriminate foreign distinctions (e.g., foreign
phonemes), the reinstatement is limited and sensitivity to foreign distinctions
rarely reaches the level observed in young infants (e.g., Flege et al., 1999; Hannon
& Trehub, 2005b; Iverson et al., 2005; McCandliss, Fiez, Protopapas, Conway &
McClelland, 2002; Takagi, 2002; Takagi & Mann, 1995, for reviews see
Birdsong, 2006; Hernandez & Li, 2007). It remains for future research to test the
effects of exposure to foreign-species voices in children, adolescents, and adults
in order to determine if the effects of training decreases with age. If there is

significantly more improvement in ability to discriminate foreign-species voices
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at 12 months of age than at older ages, or if there is no improvement at these older
ages, this would support the idea that a sensitive period for foreign voice exposure
ends during infancy. However, if the levels of improvement following exposure
are comparable across these age groups, then this suggests that the period of

sensitivity extends past the first year after birth.

Sensitivity to foreign distinctions is influenced not only by the timing of
exposure but also by the type of exposure received. For example, adult
discrimination of foreign phoneme contrasts generally improves when the training
stimuli are numerous and variable in nature (Zhang et al., 2009), and differences
between them are exaggerated (McCandliss et al., 2002). As well, in infancy,
discrimination of foreign phonemes requires social interaction (e.g., Kuhl et al.,
2003). Furthermore, training at an individual-level (e.g., labeling monkey faces
using unique names), rather than a categorical-level (e.g., labeling all monkey
faces with the word “monkey”), is crucial in order for infants to learn to
individuate foreign-species faces (e.g., Scott & Monesson, 2009). In Chapter 4,
efforts were made to produce training that aligned with the type of exposure
shown to be important for reinstating sensitivity to foreign distinctions during
infancy. Specifically, parents were instructed to interact with their infants during
training, and each monkey voice was associated with a particular name in order
focus attention at an individual level. This type of training was effective in

reinstating sensitivity to distinctions in foreign-species voices. However, it
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remains unclear whether social interaction and individual-level exposure are
necessary for effective reinstatement of foreign-voice sensitivity. In order to
investigate this, future studies could instruct parents to avoid interaction with their
infant during training, or train infants at a categorical, rather than individual, level
by associating each monkey voice with the word “monkey”, rather than an

individual name.

A third key question that remains in the present line of research pertains to
the mechanisms supporting perceptual narrowing. As discussed above, it was
postulated originally that perceptual narrowing results from a process of neural
pruning (Changeux & Danchin, 1976; Cowan et al., 1984; Goldman-Rakic, 1987;
Huttenlocher, 1979; Low & Chen, 2006; Scott et al., 2007; Webb et al., 2001).
However, there is also evidence suggesting that perceptual narrowing may be
supported by a process of neural elaboration (see Lewkowicz & Ghazanfar, 2009,
Box 2). Evidence from a variety of mammalian species, including humans,
suggests that these two models are not mutually exclusive, as pruning tends to
follow elaborations across the lifespan during neural development (e.g.,
Bourgeois, 1997; Sowell et al., 2003). However, one way it may be possible to
start examining the relative contributions of these two proposed mechanisms is by
examining the changes in grey matter (GM) and white matter (WM) volumes in
the developing human brain. Such changes suggest that elaboration might play a

larger role than pruning in brain development during the first year after birth, the
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period when perceptual narrowing generally takes place (see Lewkowicz &
Ghazanfar, 2009; Scott, Pascalis & Nelson, 2007 for reviews). Evidence from
MRI studies suggests that the neonatal brain is about half the volume of the adult
brain, growing to about 90% of the adult brain volume by the second year after
birth (Pfefferbaum et al., 1994). Particularly, during the first postnatal year, there
is a substantial growth in GM volume (Gilmore et al. 2007, 2011; Hiippi et al.
1998; Knickmeyer et al., 2008; Matsuzawa et al., 2001), and relatively small
increases in WM (Knickmeyer et al., 2008). Increases in GM and WM volume
have been proposed to relate to neurodevelopmental events that are progressive in
nature, such as neural elaboration (e.g., Giedd et al., 1999; Pfefferbaum et al.,
1994; Purves, 1988). In particular, from 5 to 10 years of age, increases in GM are
likely associated with cell proliferation, arboration, and myelination (Cowan,
Fawcett, O’Leary & Stanfield, 1984; Jacobson, 1991; Purves 1988), Similarly,
increases in WM are likely associated with myelination and axonal growth (e.g.,
Holland, Haas, Norman, Brant-Zawadski, & Newton, 1986; Purves, 1988). On the
other hand, reduction of GM, which has been documented in some studies after 5
years of age (Jernigan & Talla, 1990; Lange, Giedd, Castellanos, Vaituzis, &
Rapaport, 1997; Hiippi et al., 1998), has been associated with neural pruning
(Huttenlocher, 1979). Nevertheless, this method does not allow for examination of
the perceptual narrowing process specifically, and may rather reflect processes

associated with general brain development. Additionally, a third mechanism that
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has been suggested to support perceptual narrowing is a switch, for the most part,
from prominent activation of brain regions associated with attention, to those
associated with perception during the first year after birth (Vogel et al., 2012).
Further investigation is required to better understand the role of neural pruning,
elaboration and regional shifts in facilitating perceptual narrowing in general, and

the specialization for own-species voices in particular.

Finally, questions remain concerning the generalization of the present
study to other voice types. It is important to examine whether infants demonstrate
the same perceptual narrowing and exposure effects when processing voices from
foreign non-primate species, foreign human languages, male in addition to female
voices, and from familiar individuals. Such investigations will provide additional
evidence with which to support or refute previous claims that perceptual
narrowing is a general learning mechanism (for review see Lewkowicz &

Ghazanfar, 2009).

Conclusions

In summary, the present thesis examined whether infants’ ability to
discriminate individual voices develops through a process of perceptual
narrowing, such that it becomes specialized for native-species voices during the

first year after birth, and whether experience can reinstate discrimination of
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foreign voices after narrowing has occurred. These experiments address an
important aspect of development, as the ability of infants to discriminate members
of their native group is likely to contribute highly to successful group
membership. This thesis is the first to provide evidence that (1) perceptual
narrowing occurs for the discrimination among native as opposed to foreign-
species voices, between 6 to 12 months of age, resulting in a specialization for
processing human (English) voices by 12 months of age; (2) the voice
specialization found in adulthood is influenced not only by the language of the
voices, but also by the whether the voices are from one’s own species; and (3) two
weeks of exposure at 12 months of age to voices from a foreign species can
reinstate sensitivity to individual distinctions in foreign-species voices, suggesting
that the voice-processing system remains plastic at least until the end of the first
year after birth. Future research is required to examine cross-species voice
discrimination prior to 6 months of age, to determine how long the window of
plasticity remains open after 12 months of age, and to examine the effects of the
timing, type and amount of exposure on the process of perceptual narrowing for

voices.
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