THE OFFICIAL JOURNAL OF THE
INTERNATIONAL CONGRESS
OF INFANT STUDIES

Infancy, 23(6), 795–819, 2018
© International Congress of Infant Studies (ICIS)
ISSN: 1525-0008 print / 1532-7078 online
DOI: 10.1111/infa.12257

Intonation Plays a Role in Language
Discrimination by Infants
Adam J. Chong
Department of Linguistics
Queen Mary University of London and
Department of Linguistics
University of California, Los Angeles

Chad Vicenik and Megha Sundara
Department of Linguistics
University of California, Los Angeles

Previous research on infant language discrimination has focused primarily on the role of
prosody, speciﬁcally rhythmic timing cues. This, however, ignores the potentially useful
role that intonation, another aspect of prosody, might play in aiding discrimination. In
this article, we investigated how and when American English-learning infants discriminate
between prosodically similar languages, speciﬁcally American English and German, focusing on the role of intonation in infant language discrimination. We found that the ability
to distinguish American English and German develops between 5 and 7 months. However,
7-month-olds failed to discriminate the two languages when the natural pitch variation
was replaced by a monotone. Thus, intonation is necessary for infants’ discrimination of
American English and German. Based on these results, we argue for a greater role of intonation in supporting language discrimination by infants.

A number of researchers have explored infants’ ability to discriminate languages. Early
research on language discrimination supported the hypothesis that newborns’ familiarity with and recognition of their native language allowed them to distinguish their
native language from other non-native languages or dialects (Bahrick & Pickens, 1988;
Bosch & Sebasti
an-Galles, 1997; Dehaene-Lambertz & Houston, 1997; Mehler et al.,
1988; Moon, Cooper, & Fifer, 1993). Subsequent research has attributed successful
language discrimination to infants’ sensitivity to prosody, speciﬁcally the diﬀerences in
“the rhythmic, timing properties” (Nazzi, Bertoncini, & Mehler, 1998, p. 757) between
languages.
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In the following sections, we critically evaluate the notion of rhythm as it applies to
language discrimination by infants, arguing that previous studies have largely ignored
the role of another aspect of prosody, namely, intonation. Then, we present four
experiments investigating American English infants’ ability to discriminate between
American English and German. In all experiments, rhythmic timing cues were kept
intact, yet infant discrimination varied as a function of the presence of intonation cues.
Based on these results, we argue that intonation is a necessary cue that infants exploit
to discriminate between languages. We suggest that the extent to which infants use
intonational cues likely depends on the role of intonation in a language’s prosodic
system.
Rhythm and rhythmic timing
Languages have frequently been classiﬁed in terms of their rhythm, since Pike (1945)
and Abercrombie (1967), as either “stress-timed” or “syllable-timed” (or more recently
“mora-timed”). Despite documented evidence that native speakers of languages from
diﬀerent rhythm classes process speech in systematically diﬀerent ways (for, e.g., Bradley, S
anchez-Casas, & Garci
a-Albea, 1993; Cutler, Mehler, Norris, & Segui, 1986; Cutler & Norris, 1988; Mehler, Dommergues, Frauenfelder, & Segui, 1981; Otake,
Hatano, Cutler, & Mehler, 1993; Pallier, Sebastian-Galles, Felguera, Christophe, &
Mehler, 1993; Sebasti
an-Galles, Dupoux, Segui, & Mehler, 1992), there is little consensus about what constitutes rhythm.
The initial idea of rhythm classes centered around isochrony, an idea which rests on
the assumption that a language’s rhythm is the result of regularly timed units of speech
(e.g., syllables in syllable-timed languages, or stressed feet in stressed-time languages).
However, research seeking to demonstrate isochrony in speech production has had limited success (see Arvaniti, 2009; Beckman, 1992; Kohler, 2009; Prieto, Vanrell, Astruc,
Payne, & Post, 2012 for a review).
Over the last few decades, the view that linguistic rhythm originates primarily from
the phonological properties of a language such as the phonotactic permissiveness of
consonant clusters, the presence or absence of contrastive vowel length, and vowel
reduction, has gained popularity (Dauer, 1983). Thus, a language that is stress-timed is
likely to allow more complex consonant clusters, to have lengthened vowels in stressed
syllables and reduced vowels in unstressed syllables. In contrast, a syllable-timed language is more likely to restrict consonant clusters and show comparable vowel length
over diﬀerent syllables.
As a consequence, eﬀorts to quantify linguistic rhythm have focused on the distribution of segmental durations. This line of research has led to the development of a variety of metrics aimed at categorizing languages into classes using duration measures of
segmental intervals (e.g., proportion of vocalic intervals; Frota & Vigario, 2001; Grabe
& Low, 2002; Ramus, Nespor, & Mehler, 1999; Wagner & Dellwo, 2004; White &
Mattys, 2007). These metrics have been successful in classifying languages which are
often considered clear examples of particular rhythm classes (e.g., syllable-timed Spanish, or stress-timed English) with controlled speech material. They have proven less
successful, however, when a wider range of materials, speakers, and a larger set of languages are considered (e.g., Arvaniti, 2009, 2012; Loukina, Kochanski, Rosner, Keane,
& Shih, 2011; White & Mattys, 2007; Wiget, White, Schuppler, Grenon, Rauch &
Mattys, 2010). Further, perception studies have failed to ﬁnd consistent evidence for

DISCRIMINATION OF AMERICAN AND GERMAN

797

such classes (e.g., Arvaniti, 2012; Arvaniti & Rodriquez, 2013; White, Delle Luche, &
Floccia, 2016).
Developmental research shows that even newborns are able to discriminate between
languages traditionally classiﬁed as being from very diﬀerent rhythm classes (e.g.,
stress-timed English/Dutch vs. mora-timed Japanese: Nazzi, Bertoncini, and Mehler,
1998; Ramus, 2002). Similar results have been reported for cotton-top Tamarin monkeys (Hauser, Newport, & Aslin, 2001; Ramus, Hauser, Miller, Morris, & Mehler,
2000), rats (Toro, Trobalon, & Sebasti
an-Galles, 2003, 2005), and Java sparrows
(Watanabe, Yamamoto, & Uozumi, 2006). To the extent that these studies operationalized rhythm as relative segmental duration, these results suggest that sensitivity
to distributions of segmental duration is at least partially innate, and species-general.
In contrast, the ability to discriminate languages within rhythm classes seems to only
develop later in the ﬁrst year of life and, even then, requires familiarity with at least
one of the two languages (Bosch & Sebasti
an-Galles, 1997, 2001; Christophe & Morton, 1998; Molnar, Gervain, & Carreira, 2014; Nazzi, Jusczyk, & Johnson, 2000;
Nazzi, Bertoncini, et al., 1998).
Some recent results, however, suggest that infants’ discrimination of languages is
not based on categorical rhythm classes per se, but rather on sensitivity to gradient
durational diﬀerences at the edges of utterances. For instance, reanalyzing data from
Butler, Floccia, Goslin, and Panneton (2011), White, Floccia, Goslin and Butler (2014)
found that infants were sensitive to local timing diﬀerences, speciﬁcally, degree of
utterance-ﬁnal lengthening when discriminating between dialects of British English.
Similarly, adults’ discrimination of languages within the same rhythm class (dialects of
the same language) has also been attributed their sensitivity to the degree of phraseﬁnal lengthening (White, Mattys & Wiget, 2012).
More recently, White et al. (2016) examined 5-month-old British English infants’
ability to discriminate between French, Spanish, and Finnish. These three languages
are all generally considered “syllable-timed.” Yet infants were able to discriminate
French from Spanish, but not Finnish from either Spanish, or French. Further, White
et al. were unable to ﬁnd any consistent diﬀerences in durational measures to account
for their results. So even gradient diﬀerences in rhythmic timing fail to fully explain
diﬀerences in infants’ ability to discriminate pairs of languages.
An inadvertent consequence of moving toward a deﬁnition of rhythm based on the
distribution of phonological, particularly segmental, properties has been a dissociation
of another crucial aspect of prosody—intonation—from rhythm. For example, in a
number of studies, including language discrimination experiments with infants, linguistic rhythm is primarily equated with segmental duration and timing, the target of these
rhythm metrics (e.g., Byers-Heinlein, Burns, & Werker, 2010; Molnar et al., 2014;
Nazzi, Bertoncini, and Mehler, 1998; Nazzi et al., 2000; Ramus & Mehler, 1999). Yet
infants are not only sensitive to durational diﬀerences between segments in the speech
signal. In the next section, we present evidence that infants are also sensitive to variation in pitch, that is, intonation, within the ﬁrst year of life.
Intonation as an intrinsic part of prosody
All known languages use pitch to mark the edges of large phrases and sentences (see
Jun, 2005, 2014 for an overview). Additionally, in some languages like Korean or
French, pitch is used to mark word edges (e.g., Jun & Fougeron, 2000; Kim & Cho,
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2009); and in others like English and German, it is used to mark speciﬁc syllables
within a word as a function of phrasal prominence (e.g., Grice, Baumann, & Benzmuller, 2005; Pierrehumbert, 1980). Together, these regularities in tonal alternations
within an utterance can also contribute to the percept of rhythm (e.g., Barry, 1981;
Barry, Andreeva, & Koreman, 2009; Dilley & Shattuck-Hufnagel, 1999; Jun, 2005,
2014; Kohler, 2008; Lerdahl & Jackendoﬀ, 1983; Niebuhr, 2009; Thomassen, 1982).
For example, tonal alternations, even nonlocal ones, have been shown to have a stronger eﬀect than syllable duration alternations on segmentation of lexically ambiguous
words (Dilley & McAuley, 2008). That is, tonal alternations can aﬀect perceived
grouping of words. Thus, perceived rhythm cannot solely be about durational and segmental timing properties.
Indeed, several studies have shown that adults can discriminate languages using
only pitch cues or at least ﬁnd pitch cues necessary for successful discrimination
(Komatsu, Arai, & Suguwara, 2004; de Pijper, 1983; Ramus & Mehler, 1999; Szakay,
2008; Vicenik & Sundara, 2013; Willems, 1982). For example, European Portuguese
listeners could only discriminate Brazilian and European Portuguese when intonation
cues were preserved in the stimuli (Frota, Vig
ario & Martins, 2002; see also Arvaniti
& Rodriquez, 2013 for other language comparisons). This is despite the fact that these
two dialects of Portuguese are considered to be from diﬀerent rhythmic classes. Similarly, adult Swiss German listeners were only able to distinguish between two unfamiliar languages, English and French, when intonational cues were present in addition to
rhythmic timing cues (Hagmann & Dellwo, 2014).
Like adults, infants are also sensitive to pitch; in fact, their ability to hear and perceive pitch becomes adult-like within the ﬁrst year of life (Clarkson & Clifton, 1985;
Montgomery & Clarkson, 1997; Schneider, Morrongiello, & Trehub, 1990; Spetner &
Olsho, 1990). In the linguistic domain, infants demonstrate a ﬁne-grained sensitivity to
pitch, at times involving diﬀerences as small as 5 or 10 Hz (Bull, Eilers, & Oller, 1985;
Frota, Butler, & Vig
ario, 2014; Karzon & Nicholas, 1989; Nazzi, Floccia, and Bertoncini, 1998). Furthermore, there is evidence that infants use pitch cues preferentially
to process speech (Fernald & Kuhl, 1987; Hirsh-Pasek et al., 1987; Mandel, Jusczyk,
& Kemler Nelson, 1994; Nazzi et al., 2000; Schmitz, H€
ohle, & Weissenborn, 2003;
Seidl, 2007; Seidl & Cristi
a, 2008; Shukla, White, & Aslin, 2011). For example, infants
show a preference for paying attention to infant-directed speech (IDS) in which the
variability in pitch is greater (Cooper, Abraham, Berman, & Staska, 1997; Cooper &
Aslin, 1990; Fernald, 1985), and there is evidence that the exaggerated intonation in
IDS can aid in various aspects of early learning (Adriaans & Swingley, 2017; Ma,
Golinkoﬀ, Houston, & Hirsh-Pasek, 2011; Song, Demuth, & Morgan, 2010; Thiessen,
Hill & Saﬀran, 2005; Trainor & Desjardins, 2002; Werker et al., 2007).
While varying pitch does seem to make speech more salient to infants, there is some
evidence that the ability to rely on pitch as a cue for other linguistic purposes (e.g.,
lexical stress; Quam & Swingley, 2014) and for making pragmatic or paralinguistic
associations with emotion, for example, might be more protracted in development
(Quam & Swingley, 2012). Consistent with this idea, infants at 12 months but not 7
are able to discriminate pitch timing diﬀerences that contrast between narrow and
broad focus in European Portuguese (Butler, Vigario, & Frota, 2016). This later development of intonational sensitivity is in contrast to the earlier development of lexical
tone perception in Chinese infants between the ages of 6 and 9 months (Mattock &
Burnham, 2006; Yeung, Chen, & Werker, 2013). Clearly, the development of sensitivity
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to pitch depends on the linguistic role pitch plays in a particular language. Regardless,
although neonates are able to distinguish languages in separate rhythm classes based
on just segmental timing information, their ability to do so improves when pitch diﬀerences are preserved rather than degraded (Ramus, 2002).
In this article, we tested whether American English-learning infants require intonational cues to discriminate their native language, American English, from a non-native
language that is rhythmically very similar, German. In Experiment 1, we show that 7but not 5-month-olds can discriminate the two languages. Next, in Experiment 2, we
examined if prosodic diﬀerences were suﬃcient for language discrimination by 7month-olds. Infants were tested on their ability to discriminate between American English and German sentences that were low-pass-ﬁltered. Low-pass ﬁltering attenuates
segmental information, while preserving most segmental rhythmic timing and intonation properties. Infants successfully discriminated English and German low-pass-ﬁltered speech. In Experiment 3, we resynthesized the American English and German
sentences to eliminate pitch cues while preserving segmental and rhythmic timing cues
(monotone; see Seidl, 2007; Seidl & Cristi
a, 2008). In this case, 7-month-olds failed to
discriminate the two languages. In Experiment 4, we controlled more carefully for
pitch diﬀerences across both language stimuli and tested another set of 5- and
7-month-old infants. We replicated the overall results of Experiment 1, showing that
7- but not 5-month-olds successfully discriminated between the two languages. The
direction of infants’ listening preference, however, was reversed when pitch diﬀerences
were more controlled. In all experiments, the rhythmic timing diﬀerences were intact.
Thus, our results show that intonation diﬀerences are necessary for English-learning
infants to discriminate their native language from German, a non-native language that
is prosodically similar.

EXPERIMENT 1: DISCRIMINATION OF AMERICAN ENGLISH AND GERMAN BY
5- AND 7-MONTH-OLDS
A number of studies have shown that neonates are able to distinguish between languages that are from diﬀerent rhythmic classes (Christophe & Morton, 1998; Mehler &
Christophe, 1995; Mehler et al., 1988; Nazzi, Bertoncini, et al., 1998; Nazzi, Floccia,
et al., 1998; Nazzi et al., 2000; Ramus, 2002). The ability to discriminate languages
from the same rhythm class, however, only develops later in the ﬁrst year of life and
requires familiarity with at least one of the languages (Nazzi et al., 2000). For example, although 2-month-old English-learning infants cannot discriminate between British
English and Dutch, two stress-timed languages (Christophe & Morton, 1998; see also
Nazzi, Bertoncini, et al., 1998), 5-month-olds can (Nazzi et al., 2000). Similarly, Spanish- and Catalan-learning 4-month-olds can discriminate between Spanish and Catalan,
two syllable-timed languages (Bosch & Sebastian-Galles, 1997, 2001). By 5 months,
American English-learning infants can even distinguish between two dialects of their
native language, American English and British English, but not two unfamiliar languages in the same rhythm class, Dutch and German (Nazzi et al., 2000). This ability
seems to require at least familiarity with one dialect. Thus, 5-month-olds learning
Southwestern British English can only discriminate between Southwestern British English and Welsh English, maintaining this ability at 7 months. But they fail to
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distinguish between Welsh English and Scottish English, two unfamiliar varieties (Butler et al., 2011).
In Experiment 1, we sought to replicate and extend these previous ﬁndings. We were
interested in examining if 5-month-old infants learning American English can distinguish their native language from a prosodically similar, non-native one, German, and
whether this ability is further maintained at 7 months. Both English and German
belong to the Germanic family and share a number of similarities in the segmental as
well as prosodic domain. They have very similar consonantal inventories, with some
diﬀerences in the aﬀricates and fricatives (Kohler, 1999; Ladefoged, 1999; Wiese,
1996). American English has interdental fricatives (/h/ and /ð/) and postalveolar aﬀricates (/ʧ/ and /ʤ/) that German lacks, whereas German has palatal (/cß/) and dorsal
fricatives (/x~v/or/ʁ/) that are absent in English, as well as bilabial (/pf/) and alveolar
aﬀricates (/ts/; note however that the phonemic status of these is disputed; Wiese,
1996). In terms of the vowel inventory, a major diﬀerence is the fact that German possesses front rounded vowels, which are absent in English.
As for prosody, German and American English are both traditionally considered
‘stress-timed’ languages (e.g., Kohler, 1983; Pike, 1945) with very similar intonational
systems (see Grice et al., 2005 for an overview of German intonational phonology).
First, the default intonation contour in both languages involves a high-fall pitch movement at the end of declarative utterances (Grice et al., 2005; for German; Pierrehumbert, 1980; for American English). Second, prominent words in an utterance as well as
at prosodic boundaries in both languages are marked using similar tonal events (pitch
accents and boundary tones, respectively), the most common of which is a shallow rise
on phrasally prominent stressed syllables (see Jun, 2014 for a summary). Finally, both
languages have two levels of prosodic structure above the word: the intermediate and
intonational phrase. Despite overall similarities, there are subtle diﬀerences in the phonetic realization of intonational categories in American English and German. German
speakers tend to align tonal rises on stressed syllables later than English speakers
(Atterer & Ladd, 2004). They also use more pitch accents and select pitch accents with
a steeper rise more often than in English (Vicenik & Sundara, 2013).
In addition to intonational properties, American English and German also diﬀer on
the traditional segmental duration based rhythmic measures (see Vicenik & Sundara,
2013). Compared to German, American English has a higher proportion of sonorant
(vowels, nasals, and approximants) durations accompanied by smaller standard deviations in obstruent (stops, fricatives, and aﬀricates) duration. Crucially, perception
experiments conﬁrm that American English adults can use either rhythmic timing or
pitch diﬀerences alone to discriminate English and German sentences (Vicenik & Sundara, 2013), although their low discrimination scores suggest that this is not an easy
task.
To examine infants’ abilities to discriminate between American English and German, in this and all following experiments, we tested infants using the head-turn preference procedure modiﬁed for a familiarization-preference task, as in Nazzi et al.
(2000; see also Bosch, 1998). In this task, infants are familiarized with passages produced by multiple speakers of one language and then tested on new passages produced
by new speakers from the familiar as well as the novel language. Previous research has
found both novelty (e.g., Nazzi et al., 2000) and familiarity eﬀects in discrimination
(e.g., Butler et al., 2011) using similar paradigms. Given this, we take any signiﬁcant
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diﬀerence in listening time to be evidence that infants were able to successfully discriminate between the two languages (Houston-Price & Nakai, 2004).

Methods
Participants
Twenty-two 5-month-olds (ages throughout are reported in months; days format.
mean age: 5;02; range: 4;18–5;15; 12 males) and twenty-two 7-month-olds (mean age:
7;02; range: 6;16–7;28; 10 males) from monolingual American English-speaking homes
participated in this experiment. On average, infants had 97% of their input in English
(range = 85–100) as determined by a detailed language questionnaire administered to
the parents (Bosch & Sebasti
an-Galles, 1997; Sundara & Scutellaro, 2011). This same
questionnaire was also used for all subsequent experiments. None had any exposure to
German. Twelve additional infants were tested, but excluded because they failed to
complete testing due to fussiness (n = 11) and caretaker interference (n = 1).1
Stimuli
The stimuli were modeled on those used in Nazzi et al. (2000) and consisted of eight
American English and eight German passages. Each passage was made up of ﬁve sentences recorded by the same speaker (the sentences were those used in Nazzi, Bertoncini, et al., 1998). Four female native speakers of each language were recorded in a
sound-attenuated booth. Each speaker recorded 10 sentences (two passages). To minimize voice quality diﬀerences within and between languages, we chose speakers who
we perceived to have similar voice qualities. Utterances were all recorded as adultdirected speech with standard declarative intonation, with a falling tonal contour sentence-ﬁnally. Example pitch tracks from a sentence in American English and German
are shown in Figure 1.
These sentences are a subset of the sentences acoustically analyzed in Vicenik and
Sundara (2013); adult English listeners’ perceptual discrimination data for these sentences are also reported in that paper. Passages were normalized for intensity in Praat
(Boersma & Weenink, 2012) to 80 dB. The acoustic properties of the stimuli are given
in Table 1, including duration, mean f0 and f0 range, and number of syllables.
Stimuli in both languages showed similar prosodic phrasing, with sentences usually
produced in one intonational phrase, containing between one or two smaller intermediate phrases.
Procedure
The procedure and design were identical to that used by Nazzi et al. (2000). The
experiment was conducted using the head-turn preference paradigm (HPP; KemlerNelson et al., 1995). Infants were tested individually while seated on their parent’s lap
1
This study was conducted according to guidelines laid down in the Declaration of Helsinki, with written
informed consent obtained from a parent or guardian for each child before any assessment or data collection. All procedures involving human subjects in this study were approved by the North General Institutional Review Board at the University of California, Los Angeles.
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Figure 1 Pitch contours of an example English (top) and German sentence (bottom).

in a three-sided pegboard booth. A red light was mounted on either side panel at the
infants’ eye level. A Soundworks loudspeaker was hidden behind both side panels. On
the center panel, there was one green light and a camera used to record each session.
A Sony camera was connected to a monitor, and the lights and speakers were controlled by a computer, both located outside the booth.
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TABLE 1
The Acoustic Properties of the Speech Stimuli Used in Experiment 1

Average number of syllables per passage
Average duration of passages
Mean f0 of passages
Mean f0 range

English

German

89 (6)
17.2 sec (1.0)
215 Hz (18)
171 Hz (29)

91 (6)
17.1 sec (2.9)
185 Hz (21)a
196 Hz (45)

Notes. Note that the mean f0 (and standard deviations in parentheses) of the English and German passages are diﬀerent (see text for details).
a
The mean f0 of the passages was signiﬁcantly diﬀerent by unpaired t-test (p = .04); no other diﬀerences were
signiﬁcantly diﬀerent.

When the experimenter initiated a trial, the green light on the center panel began to
blink. Once the infant oriented toward the center light, the center light was extinguished and one of the red sidelights, chosen at random by the program, began to
blink. When the infant turned toward the red light (30° head-turn), the auditory stimulus for that trial began to play and continued until the end of the sound ﬁle (~17 sec),
or until the infant failed to maintain orientation toward the light for two consecutive
seconds. A researcher seated at the computer terminal recorded the duration of the
infant’s head turns. If the infant looked away for <2 sec, but then turned back again,
the look away time was not included in the listening time. When the trial ended, or if
the infant looked away for more than 2 sec, the sidelight was extinguished and the center light began to blink until the infant reoriented toward the center. At that point,
one of the sidelights was randomly chosen by the program to start blinking, initiating
another trial. To prevent any inﬂuence over the infant’s looking time, both the
researcher and the infant’s caregiver wore sound-attenuating 3M Peltor headphones
and listened to music so that they were unaware of the stimuli played during trials.
Design
Each experiment was in two phases: a familiarization phase and a test phase. The
familiarization phase consisted of four passages spoken by two speakers from one of
the two languages. Half the infants were familiarized with English sentences and the
other half with German sentences. To move onto the test phase, infants had to listen
to each passage for a total of at least 20 sec (cumulative listening time), for a total
minimum familiarization time of 80 sec.
The test phase consisted of eight test trials—four unheard passages of each language
spoken by two new speakers per language. The order of presentation of the eight test
trials was randomized for each infant. The average listening times to the familiarized
and novel languages in the test phase was calculated for each infant and compared statistically.
Results and discussion
Listening times to the familiarized and novel language trials by Age (5- vs. 7-montholds) are shown in Figure 2. A three-factor repeated-measures ANOVA with Age (5vs. 7-month-old), Familiarization Condition (English vs. German) as between-subjects
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Trial Type

Familiarized Lang.

Novel Lang.

25

Listening Time (sec)

20

15

10

5

0
Expt. 1: 5−month−olds

Expt. 1: 7−month−olds

Figure 2 Average listening times by trial type in Experiment 1: full cue with additional supportive
pitch cues.

variables, and Test Language (novel vs. familiarized) as the within-subjects variable
was used to analyze the results. There was no signiﬁcant main eﬀect of Age
(F(1, 40) = 1.70; p = .20; g2p = 0.04),2 Familiarization Condition (F(1, 40) = 0.14;
p = .71; g2p = 0.003), or Test Language (F(1, 40) = 2.73; p = .11; g2p = 0.06). Neither
the interaction of Test Language 9 Familiarization Condition (F(1, 40) = 0.09;
p = .77; g2p = 0.002) nor Familiarization Condition 9 Age was signiﬁcant (F(1,
40) = 0.50; p = .48; g2p = 0.01). There was also no signiﬁcant three-way interaction of
Test Language 9 Familiarization Condition 9 Age (F(1, 40) = 0.03; p = .87,
g2p = 0.001). The interaction of Test Language 9 Age, however, was marginally signiﬁcant (F(1, 40) = 3.18; p = .08; g2p = 0.074).
Although we did not ﬁnd a signiﬁcant interaction between Age and Test Language,
the number of infants who showed a preference for one test language over the other
diﬀered across age groups. Only half of 5-month-olds (11 out of 22) showed a longer
listening time to the novel language, while a large majority of the 7-month-olds (20
out of 22) did. Moreover, 7-month-olds showed longer average listening times to the
novel language (9.65 sec, SD = 3.6) than to the familiarized language (8.02 sec,
SD = 3.5), compared to the 5-month-olds, who did not show such a diﬀerence (novel:
10.20 sec, SD = 4.0; familiarized: 10.27 sec, SD = 4.1). Given these observations, it is
likely that we did not have enough power to detect a robust interaction.

2
Eﬀect sizes for all experiments are reported as partial-eta-squared values produced by SPSS (IBM Corp.,
2013).
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To further investigate developmental diﬀerences (if any), we examined infants’ performance at each age separately. Another repeated-measures ANOVA with Familiarization Condition (English vs. German) as a between-subjects variable and Test
Language (novel vs. familiarized) as the within-subjects variable was used to analyze
listening times for both age groups separately. For the 5-month-olds, there was no signiﬁcant main eﬀect of Test Language (F(1, 20) = 0.005; p = .94; g2p < 0.001) or Familiarization Condition (F(1, 20) = 0.05; p = .82; g2p = 0.003), and no signiﬁcant
interaction between Familiarization Condition and Test Language (F(1, 20) = 0.005;
p = .94; g2p < 0.001). Contrastively, the 7-month-olds showed a signiﬁcant main eﬀect
of Test Language (F(1, 20) = 16.04; p = .001; g2p = 0.45). As with the 5-month-olds,
there was no eﬀect of Familiarization Condition (F(1, 20) = 0.61; p = .44; g2p = 0.03),
and no interaction between Test Language and Familiarization Condition (F(1,
20) = 0.29; p = .60; g2p = 0.01). Our results, therefore, indicate that 7- but not 5-monthold American English infants can discriminate their native language from German, a
prosodically similar one.
Recall that American English-learning 5-month-olds have been previously shown to
discriminate between British English and Dutch, and between British English and their
native dialect (Nazzi et al., 2000). In this context, the failure of 5-month-olds to discriminate American English and German suggests that they (or, at least these stimuli)
might be more similar than British English and Dutch, at least on the acoustic dimensions attended to by infants. In that case, infants might require more language experience before they are able to discriminate American English and German, explaining
why only the 7-month-olds succeeded. We discuss this possibility below in the General
Discussion.

EXPERIMENT 2: DISCRIMINATION OF LOW-PASS-FILTERED STIMULI BY
7-MONTH-OLDS
In Experiment 1, we showed that American English-learning infants’ ability to discriminate between their native language and German develops between 5- and 7-months of
age. What information in the speech signal are 7-month-olds attending to, and what
have they learned about language that allows them to discriminate languages that they
were previously unable to distinguish?
In Experiment 2, we examined whether 7-month-old infants are able to discriminate
between languages with reduced access to segmental information. For this, we lowpass-ﬁltered the American English and German sentences used in Experiment 1. Lowpass ﬁltering attenuates segmental information from the speech signal—which is mostly
in the higher frequencies, although some low-frequency information such as the ﬁrst
format of vowels might still be discernible if it is under the cutoﬀ frequency. Infants’
success at discriminating languages when the stimuli are low-pass-ﬁltered has traditionally been used as evidence that they are relying on rhythmic timing information (e.g.,
Bosch & Sebasti
an-Galles, 1997; Molnar et al., 2014; Nazzi, Bertoncini, and Mehler,
1998). However, low-pass ﬁltering preserves intonational information in addition to
rhythmic timing information. Thus, if infants succeed in discriminating between German and American English low-pass-ﬁltered speech, this would be further evidence
that prosodic information alone—both rhythm and intonation- is suﬃcient for discrimination.
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Methods
Participants
Twenty-two American English 7-month-olds (mean age: 7;0; range: 6;19–7;15; eight
males) from monolingual English-speaking homes were recruited for this experiment.
Infants, on average, had 97% of their input in English (range: 85–100). None had any
exposure to German. Four additional infants were tested but their data were excluded
from the analysis due to fussiness and completing the experiment (n = 3), and having
lower than 80% exposure to American English (n = 1).
Stimuli
To create the stimuli for Experiment 2, the English and German stimuli in both
familiarization and test phases in Experiment 1 were modiﬁed using a Praat script.
The stimuli were low-pass-ﬁltered at a cutoﬀ frequency of 400 Hz following Nazzi,
Bertoncini, et al. (1998), Byers-Heinlein et al. (2010), Molnar et al. (2014), among
others. This means that any higher frequency segmental cues in the signal are attenuated, leaving intact only rhythmic timing, pitch, and some vocalic cues. Infants in this
study, therefore, would not be able to primarily rely on segmental, in particular consonantal, information to distinguish between the two languages.
Procedure and design
The procedure and design used in this experiment were identical to Experiment 1.
Results and discussion
Mean listening times to the familiarized (6.85 sec; SD = 2.14) and novel (8.72 sec;
SD = 2.98) language trials in the test phase from Experiment 3 are presented in Figure 3 below. Seventeen out of twenty-two 7-month-olds listened longer to the novel
language. Listening times were analyzed using a repeated-measures ANOVA with
Familiarization Condition (English vs. German) as a between-subjects variable and
Test Language (novel vs. familiarized) as the within-subjects variable. There was a signiﬁcant main eﬀect of Test Language (F(1, 20) = 10.68; p = .004; g2p = 0.35). There
was, however, no signiﬁcant eﬀect of Familiarization Condition (F(1, 20) = 1.66;
p = .21; g2p = 0.08) and no signiﬁcant interaction between Test Language and Familiarization Condition (F(1, 20) = 1.46; p = .24; g2p = 0.07). Thus, 7-month-olds successfully
discriminated American English and German, even with highly attenuated segmental
cues. Importantly, infants
were able to discriminate between both languages relying primarily on prosodic cues.

EXPERIMENT 3: DISCRIMINATION OF MONOTONE STIMULI BY 7-MONTHOLDS
Seven-month-olds’ success in discriminating between American English and German in
Experiment 3 indicates that they can do so relying on prosodic cues, even with
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Figure 3 Average listening times by trial type in Experiments 2 (low-pass-ﬁltered) and 3 (monotone
stimuli).

attenuated segmental cues. In Experiment 3, we followed previous work by Seidl
(2007) and Seidl and Cristi
a (2008) in neutralizing pitch cues to further examine the
importance of these cues in infant speech processing abilities. We resynthesized American English and German stimuli such that the original pitch contours were replaced by
a monotone contour. This manipulation removed all intonation information, while
preserving both segmental identity and rhythmic diﬀerences. If segmental and rhythmic
cues are suﬃcient for language discrimination, 7-month-old English-learning infants
should successfully discriminate American English and German monotone stimuli.
However, if intonation is necessary for language discrimination, infants were expected
to fail to discriminate American English and German monotone stimuli. Therefore, in
Experiment 3, we tested whether intonation diﬀerences between the two languages are
necessary for language discrimination.

Methods
Participants
Twenty-two American 7-month-olds (mean age: 7;04 months; range: 6;14–
8;0 months; seven males) from monolingual English-speaking homes participated. On
average, infants had 98% of their input in English (range = 90–100). None had any
exposure to German. An additional four infants were tested, but excluded because they
failed to complete testing due to fussiness (n = 3), or equipment problems (n = 1).
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Stimuli
The English and German stimuli used in familiarization and test phases from Experiment 1 were modiﬁed using a Praat script. The original pitch contours of the passages
were extracted and removed. These were then replaced with an artiﬁcially generated
monotone pitch contour of 220 Hz to approximate the pitch of the American English
sentences used previously. Thus, in Experiment 3, any intonational information was
eliminated, while preserving rhythmic and segmental diﬀerences between the two languages.
Procedure and design
The procedure and design used in this experiment were identical to Experiments 1–2.
Results and discussion
Mean listening times to the familiarized (8.82 sec; SD = 3.5) and novel (8.50 sec;
SD = 3.5) language trials in the test phase from Experiment 3 are also presented in
Figure 3 above. Eleven of twenty-two 7-month-olds had a longer listening time to the
novel language. A repeated-measures ANOVA with Familiarization Condition (English
vs. German) as a between-subjects variable and Test Language (novel vs. familiarized)
as the within-subjects variable showed no signiﬁcant main eﬀects (Test Language:
F(1, 20) = 0.16; p = .69; g2p = 0.008; Familiarization Condition: F(1, 20) = 1.03;
p = .32; g2p = 0.05) or interaction (F(1, 20) = 0.18; p = .68; g2p = 0.009). Seven-montholds, therefore, listened comparably to the novel and familiarized language indicating
that they could not tell American English and German monotone sentences apart. This
shows that 7-month-olds are unable to just use segmental and durational timing information for the purposes of language discrimination. One could argue that the resynthesized speech was unnatural or introduced artifacts making language discrimination
diﬃcult for infants in this experiment. Given comparable listening times for 7-montholds in the experiment using resynthesized speech (Experiment 3) and natural nonmanipulated stimuli (Experiment 1), we think this is unlikely.
To conﬁrm that 7-month-olds behaved diﬀerently with and without intonation cues,
we used a repeated-measures ANOVA with Experiment (pitch, durational timing and
segmental cues, i.e., Experiment 1, vs. durational timing and segmental cues only—
monotone—i.e., Experiment 3) and Familiarization Condition (English vs. German) as
between-subjects variables and Test Language (novel vs. familiarized) as a within-subjects variable. Only the interaction between Experiment and Test Language was signiﬁcant, (F(1, 40) = 4.83; p = .03; g2p = 0.11), driven by the fact that infants could
discriminate between the full cue stimuli (Experiment 1), but not the monotone stimuli
(Experiment 3). No other eﬀects were signiﬁcant (p > .1). Thus, when intonational cues
were absent in the signal, infants were not able to discriminate between American English and German. Given that 7-month-olds were unable to discriminate American English and German monotone stimuli, where rhythmic timing but not intonational cues
were present, their success in the previous experiments is likely to have been based on
the intonational cues.
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EXPERIMENT 4: DISCRIMINATION OF AMERICAN ENGLISH AND GERMAN BY
5- AND 7-MONTH-OLDS—F0 CONTROLLED
Results of Experiments 1–3 suggest that 7-month-olds successfully discriminated
between American English and German based on intonational diﬀerences between
the two languages. An acoustic comparison (Table 1) of the American English and
German passages used in Experiment 1, however, shows an average f0 diﬀerence of
about 30 Hz between speech stimuli in the two languages. Infants might have discriminated between the languages based on this global pitch diﬀerence, instead of
any intonational diﬀerences. Such global pitch diﬀerences have been previously proposed to reﬂect intrinsic diﬀerences between the two languages (Mennen, Schaeﬄer,
& Docherty, 2012). Mennen et al. found that female British English speakers in
their sample had larger f0 ranges than German female speakers. Regardless of
whether the pitch diﬀerences between English and German stimuli in our experiment were a result of stimulus selection or stemmed from inherent language-speciﬁc
diﬀerences, Experiment 4 was designed to remove this facilitative f0 diﬀerence
between the two languages. To do so, we replaced some of the previously used sentences with new ones, also from the same corpus (Vicenik & Sundara, 2013) such
that the average f0 was equalized across the passages in the two languages and
tested a new group of 5- and 7-month-olds.

Methods
Participants
Another twenty-two monolingual English-learning 5-month-olds (mean age: 4;25;
range: 4;13–5;13; 15 males) and twenty-two 7-month-olds olds (mean age: 7;02;
range: 6;22–7;16; 10 males) participated in the experiment. Overall, infants had
98% (range = 90–100) input to English. None had any exposure to German. Fifteen
additional infants were tested, but excluded because they failed to complete testing
due to fussiness (n = 11), caretaker interference (n = 1), because they never looked
at the lights (n = 1), or because the looking time diﬀerence between the familiar
and novel language was more than three standard deviations away from the group
mean (n = 2; one positive and the other negative). Note that no other infants in
Experiments 1–3 had listening times that were more than three standard deviations
away from the mean.
Stimuli
To control for average f0 across both passages, we replaced certain sentences from
the stimuli set in Experiment 1 with new sentences to control for average f0 across the
passages. The replacement sentences were also drawn from Vicenik and Sundara’s
original corpus (2013). Passages were normalized for intensity in Praat (Boersma &
Weenink, 2012) to 80 dB. The acoustic properties of the new stimuli are given in
Table 2, including duration, mean f0 and f0 range, and number of syllables. There
were no signiﬁcant diﬀerences between these languages on these measures.
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TABLE 2
The Acoustic Properties of the Speech Stimuli Used in Experiment 4

Average number of syllables per passage
Average duration of passages
Mean f0 of passages
Mean f0 range

English

German

90 (3.7)
19.6 sec (1.2)
213 Hz (8.4)
200 Hz (14.5)

91 (5.2)
19.6 sec (0.9)
206 Hz (8.5)
212 Hz (7.3)

Note Standard deviations are presented in parentheses.

Design and procedure
The procedure and design used in this experiment were identical to Experiments 1–3.
Results and discussion
Listening times to the familiarized and novel language trials by Age Group (5- vs. 7month-olds) are shown in Figure 4. A three-factor repeated-measures ANOVA with
Familiarization Condition (English vs. German) and Age (5 vs. 7-month-olds) as
between-subjects variables and Test Language (novel vs. familiarized) as the withinsubjects variable was used to analyze the overall results. There was a signiﬁcant main
eﬀect of Age (F(1, 40) = 6.62; p = .01; g2p = 0.14), with 5 month-olds having longer listening times overall than 7-month-olds, and there was a trend for Test Language
(F(1, 40) = 2.88; p = .10; g2p = 0.07). The eﬀect of Familiarization Condition was not
signiﬁcant (F(1, 40) = 0.27; p = .61; g2p = 0.007). None of the two-way or three-way
interactions were signiﬁcant either (Test Language 9 Familiarization Condition: F(1,
40) = 2.44; p = .13; g2p = 0.06; Familiarization Condition 9 Age: F(1, 40) = 0.08;
p = .78; g2p = 0.002; Test Language 9 Age: F(1, 40) = 0.14; p = .71, g2p = 0.003; Test
Language 9 Familiarization Condition 9 Age: F(1, 40) = 1.90; p = .18, g2p = 0.05).
A further inspection of listening times by age conﬁrmed that infants at both ages listened longer to the familiarized language (5-month-olds: 9.87 sec, SD = 4.0; 7-montholds: 7.75 sec, SD = 2.81) than the novel language (5-month-olds: 9.39 sec, SD = 3.2;
7-month-olds: 6.99 sec, SD = 2.30). More 7-month-old infants, however, than 5month-olds showed this pattern: 14 vs. 12 out of 22. To further examine whether
infants at each age discriminated between the familiarized and novel languages, we
conducted two-factor repeated-measures ANOVAs for each age group separately, with
Familiarization Condition (English vs. German) as a between-subjects variable and
Test Language (novel vs. familiarized) as the within-subjects variable was used to analyze the results. For 5-month-olds, there was no signiﬁcant main eﬀect of Familiarization Condition (F(1, 20) = 0.02; p = .88; g2p = 0.001) or Test Language (F(1,
20) = 0.55; p = .47; g2p = 0.03), and no signiﬁcant interaction between Familiarization
Condition and Test Language (F(1, 20) = 2.72; p = .12; g2p = 0.12). Contrastively, there
was a signiﬁcant main eﬀect of Test Language (F(1, 20) = 5.21; p = .03; g2p = 0.21) for
7-month-olds. No other eﬀects or interactions were signiﬁcant (Familiarization Condition (F(1, 20) = 0.43; p = .52; g2p = 0.02; interaction of Test Language and Familiarization Condition (F(1, 20) = 0.04; p = .84; g2p = 0.002). Thus, consistent with the results
of Experiment 1, 7- but not 5-month-olds successfully discriminated American English
and German, even when the stimuli had comparable average f0.
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Figure 4 Average listening times by trial type in Experiment 4: full cue without additional
supportive pitch cues.

The lack of discrimination by 5-month-olds here is not surprising, given that they
were not able to discriminate between both languages even with a 30 Hz supportive
pitch diﬀerence between American and German stimuli in Experiment 1. While the 7month-olds showed successful discrimination of familiarized and novel languages here,
unlike in Nazzi et al. (2000) and in Experiment 1, infants listened signiﬁcantly longer
to the familiarized language, not the novel language. To conﬁrm that 7-month-olds
behaved diﬀerently with and without the supportive pitch diﬀerences, we analyzed
7-month-olds’ listening times in both experiments using a repeated-measures ANOVA
with Experiment (1 vs. 4) and Familiarization Condition (English vs. German) as
between-subjects variables and Test Language (novel vs. familiarized) as a within-subjects variable. As expected, the interaction of Experiment and Test Language was signiﬁcant (F(1, 40) = 20.67; p < .001; g2p = 0.34). None of the other main eﬀects or
interactions were signiﬁcant (p > .1). Thus, 7-month-olds behaved diﬀerently in Experiments 1 and 4.
The fact that infants in this experiment showed a familiarity preference is at odds
with the novelty preference observed in Nazzi et al.’s (2000) original study. Some
recent work, however, examining discrimination of diﬀerent British English dialects in
a similar paradigm (Butler et al., 2011) has also documented preference for the familiar
dialect, albeit at 5 months. Interestingly, this preference switched to a preference for
the novel accent at 7 months. Factors that have been reported to aﬀect the direction
of preference include length of familiarization, age and individual diﬀerences in encoding and the salience or complexity of the stimuli (Bornstein, 1985; Cohen, 1969; Houston-Price & Nakai, 2004; Hunter & Ames, 1988). Given that the age of the infants,
and the familiarization time was similar for infants tested in Experiment 1 and 4, the
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direction of preference is likely to be driven by the extent to which the novel and
familiar language diﬀered in the test phase. It has been previously shown that infants
display a familiarity preference when the familiar choice at test is similar, but not quite
identical to the previously experienced stimuli (Gibson & Walker, 1984). In both experiments, talker variation, between familiarization and test phase, is likely to have made
the familiarized stimuli similar but not identical. However, the presence of the 30 Hz
pitch diﬀerence in Experiment 1, but not 4, is likely to have made the distinction
between the familiarized and novel test language more salient in Experiment 1, potentially accounting for the novelty preference observed. Regardless, as Houston-Price
and Nakai (2004) point out, if the goal is to assess discrimination, any deviation from
chance, regardless of direction, is suﬃcient evidence that infants are discriminating
between two types of stimuli.

GENERAL DISCUSSION
In four experiments, using the head-turn preference procedure, we examined American
English-learning 5- and 7-month-olds’ abilities to discriminate between two languages
that are prosodically very similar—American English and German. We were primarily
interested in the role of intonation in language discrimination by infants, especially
between two languages that are traditionally considered to be in the same rhythm
class.
Our results indicate that 7- but not 5-month-olds were able to discriminate between
American English and German (see Table 3 for a summary of experiments). They were
able to do so with or without supportive pitch cues. Removing the bulk of the segmental information, via low-pass ﬁltering, did not hinder 7-month-olds’ ability to discriminate between American English and German passages. Only when speech stimuli were
resynthesized to generate monotone sentences, thereby eliminating any pitch cues, did
7-month-olds fail to discriminate between the two languages.
Note that infants’ failure to discriminate American English and German when the
stimuli were resynthesized to eliminate pitch cues cannot be due to the unnaturalness
of the stimuli themselves. Low-pass-ﬁltered stimuli used in Experiment 2 were at least
as unnatural as the resynthesized monotone stimuli (also see Bosch & Sebastian-Galles,
1997; Molnar et al., 2014; Nazzi, Bertoncini, et al., 1998). Yet infants succeeded with
low-pass-ﬁltered speech but not monotone speech. Further, 7-month-olds had comparable listening times to natural unmodiﬁed stimuli in Experiment 1 and monotone
speech in Experiment 3. Instead, we argue that infants’ failure to discriminate
TABLE 3
Summary of Experiments and Cues Available in Experimental Stimuli and Discrimination Results
Expt.

Rhythmic cues

Segmental cues

Intonation cues

Supportive pitch cues

Discrimination?

1

Yes

Yes

Yes

Yes

2
3
4

Yes
Yes
Yes

No
Yes
Yes

Yes
No
Yes

Yes
No
No

Yes: 7-month-olds
No: 5-month-olds
Yes
No
Yes: 7-month-olds
No: 5-month-olds
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American English and German when pitch cues are neutralized is predicted precisely
because intonation is perceptually relevant (see also Seidl, 2007; Seidl & Cristia, 2008).
In sum, successful language discrimination in our experiments could not have been
based on rhythmic timing information alone because rhythmic timing information was
intact in all the testing conditions. Yet, infants’ discrimination behavior was variable.
In fact, 7-month-olds’ failure to use rhythmic timing information alone is in contrast
with the performance of adult Americans (Vicenik & Sundara, 2013). Rather we show
that intonation is a necessary cue for American English-learning infants to discriminate
American English and German.
The fact that American English-learning 7-, but not 5-month-olds were able to successfully discriminate their native language from a prosodically similar non-native language, German, indicates that this discrimination ability develops between 5 and
7 months. The failure of 5-month-olds to discriminate American English and German
in Experiments 1 and 4 stands in contrast to Nazzi et al.’s (2000) ﬁnding that American English 5-month-olds successfully discriminate British English from Dutch. Given
the similarity of the methodology used in these experiments and in Nazzi et al., we can
only assume that American English and German are perceptually more similar for
American English-learning infants than British English and Dutch.
Both pairs of languages (American English and German, as well as British English
and Dutch) are considered to be within the same rhythm class; thus, we cannot appeal
to categorical diﬀerences in rhythm classes to compare the two. There were also no differences in terms of speech rate, average pitch or pitch range between the two pairs. A
more detailed examination of the rhythmic and durational characteristics of the stimuli
used in the two experiments (Appendix A) showed that both language pairs showed
signiﬁcant diﬀerences on some rhythmic features while no diﬀerences on others,
although British English and Dutch seem to diﬀer on more measures than American
English and German. It is possible, then, that American English and German are
harder to discriminate because they diﬀer on fewer rhythm measures than British English and Dutch.
Additionally, we propose that American English and German are also intonationally more similar than British English and Dutch (at least in the stimuli compared). A
comparison of the British English and Dutch stimuli from Nazzi et al. (2000) found
that Dutch had signiﬁcantly more instances of pitch rises per passage than British English (see Appendix A; see also Jun, 2005, 2014). In contrast, there was no signiﬁcant
diﬀerence in the number of pitch rises in American English and German in our stimuli.
Instead, as described in the literature (Atterer & Ladd, 2004), the diﬀerences between
the intonation of American English and German were subtle and typically restricted to
the alignment of the high pitch peak on prominent syllables; this peak had a slightly
steeper rise in German than in English (Vicenik & Sundara, 2013). It is possible then
that the 5-month-olds in Nazzi et al.’s (2000) studies succeeded because of salient differences in pitch modulations in Dutch compared to British English. However, only 7month-olds were able to use ﬁne-grained phonetic diﬀerences of phonologically similar
intonation targets necessary to distinguish American English and German. This would
be consistent with Butler et al.’s (2016) ﬁndings that infants’ ability to discriminate distinctions based on pitch timing only develops later in the ﬁrst year of life.
In summary, we have shown that infants need intonational cues to distinguish
rhythmically similar language pairs like American English and German and that this
ability develops between 5 and 7 months of age. Thus, a full account of language
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discrimination needs to go beyond a sole reliance on rhythmic timing cues, and future
research should more closely examine how both phonological and phonetic diﬀerences
in intonation can impact language discrimination.
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APPENDIX A:COUSTIC COMPARISONS OF NAZZI ET AL.’S (2000) STIMULI
USING RHYTHMIC MEASURES FROM VICENIK AND SUNDARA (2013)

TABLE A1
Mean and Standard Deviations (in Parentheses) of Acoustic Measures of British
English and Dutch Stimuli (Nazzi et al., 2000) and American English and German
Stimuli (Experiments 1–2), Using Measures from Vicenik and Sundara (2013)
American English
Raw PVI obst
Norm PVI obst
Raw PVI son
Norm PVI son
% Son
% Obst
ΔSon
ΔObst
Mean O
Mean S
Varco O

59.38
0.66
100.02
0.73
0.58
0.42
88.69
51.82
95.05
134.67
0.54

(20.92)
(0.17)
(39.49)
(0.17)
(0.06)
(0.06)
(28.28)
(18.55)
(18.06)
(29.17)
(0.13)

German
63.64
0.66
90.2
0.66
0.55
0.45
81.81
56.08
101.83
131.36
0.56

(16.75)
(0.15)
(47.87)
(0.15)a
(0.07)a
(0.07)a
(44.14)
(14.73)
(19.77)
(52.57)
(0.14)

British English
56.06
0.51
108.86
0.68
0.59
0.41
161.51
97.27
108.49
157.1
0.93

(23.23)
(0.11)
(36.95)
(0.18)
(0.07)
(0.07)
(49.81)
(34.58)
(22.21)
(32.48)
(0.39)

Dutch
60.8
0.65
90.37
0.73
0.54
0.46
131.47
89.93
99.36
119.67
0.92

(15.93)
(0.17)a
(42.41)a
(0.15)
(0.07)a
(0.07)a
(63.21)a
(31.58)
(11.57)a
(35.19)a
(0.32)
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Table (Continued)
American English
Varco S
Mean f0 (Hz)
F0 range (Hz)
No. of f0 rises per passage
No. of f0 rises per second
Speech rate (syll./sec)
nFinalCV

0.65
215
196
13.1
0.8
5.34
1.32

(0.14)
(17.9)
(45.4)
(4.26)
(0.26)
(0.7)
(0.32)

German
0.6
185
171
16.3
1
5.69
1.11

(0.11)
(21.1)a
(29.3)
(3.34)
(0.22)
(1.14)
(0.35)a

British English
1.05
224
204.5
16.4
1
5.61
1.52

(0.33)
(14.6)
(41.6)
(2.45)
(0.16)
(0.42)
(0.44)

Dutch
1.1
217
200
19.6
1.2
5.29
1.34

(0.42)
(21.5)
(40.6)
(3.02)a
(0.2)a
(0.33)
(0.47)

Notes. Vicenik and Sundara (2013) use sonorant (S) and obstruent (O) intervals instead of consonant and
vowel intervals.
nFinalCV = duration of the ﬁnal consonant + vowel interval divided by the mean consonant + vowel interval duration for each utterance (see White et al., 2012; White et al., 2014); no. of f0 rises per second = no. of
f0 rises/total passage duration.
a
Indicates diﬀerences between languages are signiﬁcant by unpaired t-test at p < .05.

