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Abstract

Prosodic features of the speech signal include fundamental frequency (F0), intensity and duration. In order to study the
development of prosody independent from segmental aspects of speech, we considered the question–statement contrast. In
English, adults mark the contrast using changes in fundamental frequency, duration and intensity, with F0 being the most
prominent cue. Declarative questions are marked by rising intonation whereas statements are marked by falling intona-
tion. While previous studies have noted that young children can signal this contrast in imitative paradigms, little is known
about the acoustic cues children use at different stages in development. The present study sought to provide an acoustic
characterization of prosodic cues used by 12 children from three age groups, 4-year-olds, 7-year-olds and 11-year-olds,
for elicited productions of declarative statements and questions. Results indicated that 4-year-olds were unable to reliably
signal questions using rising fundamental frequency contour. Instead, they used increased final syllable duration to mark
questions. Children in the 7-year-old group used all three cues, fundamental frequency, intensity and syllable duration, to
contrast questions from statements. The oldest group relied primarily on changes in fundamental frequency and less so on
intensity and duration cues. An age-related pattern is evident in that children employ different combinations of acoustic
cues to mark the question–statement contrast across development. The impact of motor and cognitive-linguistic comple-
xity on the development of prosodic control is discussed.
� 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Prosody, the variations in pitch, stress, and tim-
ing of speech, can be quantified in terms of funda-
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mental frequency (F0), intensity and duration
(Bolinger, 1989; Lehiste, 1976; Netsell, 1973). These
acoustic cues are employed individually or in
concert to play various linguistic and communica-
tive roles such as to attract attention, to signal given
versus new information, to distinguish kinds of
speech acts (e.g., questions versus statements), to
contrast the meaning of an utterance, to convey
.
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affective state, and to achieve many other functions.
Prosodic manipulations have been noted in the ear-
liest communicative gestures, such as infant cries
(Gilbert and Robb, 1996; Lind and Wermke, 2002;
Protopapas and Eimas, 1997; Wermke et al.,
2002). Recent findings indicate that people with
severely impaired speech can also control prosody
despite little or no segmental (speech sound) clarity
(Patel, 2002, 2003, 2004; Vance, 1994; Whitehill
et al., 2001). While there was a time when prosody
was thought of as merely an overlaid signal on top
of the ‘‘meaningful’’ segmental units, the intercon-
nections between prosodic cues and speech segments
are now widely acknowledged. In fact, over the past
few decades, some researchers have suggested that
typical development of prosodic control precedes
and may facilitate segmental control (Bloom,
1973; Crystal, 1978; Katz et al., 1996; MacNeilage
and Davis, 1993; Menyuk and Bernholtz, 1969;
Snow, 1994).

The prosody of questions varies across languages
and question types (Bolinger, 1989; Geluykens, 1988;
Hirst and Di Cristo, 1998; House, 2002; Ladd, 1996).
In English, the meaning of declarative statements
(e.g., ‘‘He plays piano.’’) can be contrasted from
declarative questions (e.g., ‘‘He plays piano?’’) using
prosodic cues alone; declarative statements are
marked by falling intonation whereas declarative
questions are generally1 marked by rising phrase-
final intonation (Cruttenden, 1981; Lieberman,
1967; Hirst and Di Cristo, 1998). In this paper, we
focus on children’s production of this grammatical
(or attitudinal2) distinction because it provides a lens
into the development of prosody independent from
segmental aspects of speech. Previous studies on
acquisition of intonation have focused on young chil-
dren, noting that by age five children can signal ques-
tion phrase-final intonation in imitative paradigms
(Allen and Hawkins, 1980; Loeb and Allen, 1993;
Snow, 1994, 1998). It is acknowledged, however, that
prosodic control for a variety of linguistic and affec-
tive tasks continues to develop beyond age five and
into the early teens (Cruttenden, 1985; Crystal,
1986; Local, 1980; Wells et al., 2004) suggesting that
1 While it is commonly assumed that declarative questions have
a rising pitch contour, Geluykens (1988) did not find empirical
evidence of this pattern in spontaneous speech.

2 Some argue that this distinction between declarative state-
ments and questions is attitudinal in that the statement conveys
certainty while the question form conveys surprised doubt
(Cruttenden, 1981).
the acoustic profile of the question–statement con-
trast may undergo change across childhood.

Acoustic correlates of phrase-final intonation for
declarative questions versus statements in English
speaking adults include changes in F0, duration,
and intensity, with F0 being the most prominent
cue (Cruttenden, 1986; Lieberman, 1967). Lieber-
man (1967) found that read statements such as
‘‘Joe ate the soup’’ were characterized by a falling
terminal F0 whereas the question form ‘‘Joe ate
the soup?’’ was marked by rising terminal F0. These
changes in F0, however, may not be restricted to the
phrase-final syllable. O’Shaughnessy (1979) found
that questions were marked by a rising F0 through-
out the entire sentence. Recently, Srinivasan and
Massaro (2003) noted that statements and questions
can be discriminated on the basis of F0 contour,
amplitude, and duration cues. Thus, even within
the adult literature there appear to be individual
differences in the acoustic cues that speakers use in
order to mark the question–statement contrast. This
transfer of informational cues between prosodic fea-
tures has been referred to as cue trading (Howell,
1993; Lieberman, 1960). Given that the acquisition
of motor control of speech happens in parallel with
general motor development, cognitive development
and language learning, we hypothesized that chil-
dren at different stages in development may also
employ cue trading strategies that rely on different
cue combinations to signal prosodic contrasts.

While the acquisition of phrase-final intonation
has been studied to some extent, the predominant
methodology has been comparative studies across
development with imitation protocols being used
to elicit contrasts from young children. In terms of
falling intonation, Snow (1994) conducted a longitu-
dinal analysis of nine girls between 16 and 25
months of age to examine phrase-final falling of
F0 for declarative statements and phrase-final
lengthening. Snow’s study sought to determine
whether phrase-final falling and lengthening
resulted from one another or if they were indepen-
dent. Results indicated that younger children
acquired control of intonation earlier than duration.
He found that phrase-final lengthening did not
appear until the two-word phase (early syntax)
and was judged to be a learned behavior.3 In fact,
3 It should be noted that there are cross linguistic differences in
phrase-final lengthening, with English having more extreme
lengthening compared to other languages (Oller and Smith,
1977).
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Allen and Hawkins (1980) found that final lengthen-
ing may be exaggerated by older toddlers. If tone
and timing develop asynchronously, might there
be differences in which acoustic cues children use
to signal declarative statements and questions
across different stages in development?

Different motor demands have been associated
with the production of rising versus falling F0 con-
tours. In adults, Xu and Sun (2002) found that rising
F0 contours impose greater motoric demands in that
the speed of change in F0 is slower for rising F0 con-
tours versus falling contours. Loeb and Allen (1993)
studied the ability of 3 and 5-year-old children to imi-
tate adult models of declarative (statement), interrog-
ative (question) and monotone intonation contours.
They found that 5-year-old children were able to imi-
tate the contours but that 3-year-old children could
only partially imitate the contours. The 3-year-old
group had difficulty with the rising intonation con-
tour for interrogatives. The authors attributed these
age related differences to motoric complexity associ-
ated with the production of the rising contour.

Snow (1998) further examined the issue of motor
complexity by studying the ability of ten 4-year-olds
to imitate rising and falling intonation contours
modeled by an adult. Perceptual evidence demon-
strated that young children did not imitate rising
contours as well as falling contours. He compared
the duration and F0 range of imitated utterances,
as well as a small sample of spontaneous productions
and found that children had more difficulty with ris-
ing contours. Rising contours produced by children
had a narrower F0 range than adults and tended to
have longer word durations. Further, the children
had more difficulty raising F0 in the word-final posi-
tion than the non word-final position. Snow attrib-
uted the latter finding to markedness given that the
utterance final position was argued to be a marked
position along the lines of Lieberman’s breath group
theory (Lieberman, 1967). Lieberman’s theory posits
that phrase-final falling is a consequence of the rapid
decline of subglottal pressure that coincides with the
end of breath groups and thus is unmarked. In con-
trast, rising contours require muscular (laryngeal
and respiratory) effort and are thus are considered
to be ‘‘marked’’.

The issue of motoric complexity for rising F0
contours may be related to physiological con-
straints. Most studies on question–statement pros-
ody to date report on the abilities of children
below the age of 7. The requisite changes in respira-
tory and laryngeal physiology for achieving this
acoustic difference, however, are complex and may
continue to evolve within the context of a develop-
ing speech motor control system. For example,
speech timing which is a necessary component of
prosody, improves with age from 5 years to 11 years
(Tingley and Allen, 1975).

Similarly, respiratory function for varying sound
pressure level continues to develop throughout
childhood and does not become adult-like until
12–14 years of age (Stathopoulos and Sapienza,
1997). Thus, even 11-year-olds who may be able to
raise F0 to mark questions, may have more variabil-
ity in control of intensity. While previous studies
have focused on F0 and duration, we sought to
determine whether intensity cues were salient for
signaling questions versus statements and if so,
which age group made use of these cues.

To summarize, further attention is required to bet-
ter understand the acoustic features used to signal the
question–statement contrast across different stages in
development through tasks that go beyond imitation.
While many researchers believe that a rising F0
contour is the primary acoustic cue for marking
declarative questions (cf. Cruttenden, 1986; Eady
and Cooper, 1986; Hadding-Koch and Studdert-
Kennedy, 1964; Majewski and Blasdell, 1969;
Morton and Jassem, 1965; O’Shaughnessy, 1979;
Shattuck-Hufnagel and Turk, 1996), young children
may use different acoustic cues and/or cue combina-
tions than older children to signal the contrast in light
of their developing motor system. The present study
sought to provide an acoustic characterization of
the question–statement contrast across different
stages of development. It is unclear whether control
of F0, intensity and duration develop asynchronously
and if so, which cue combinations are used to convey
the question–statement contrast across different
stages in development. It is hypothesized that while
11-year-olds may have mastered the contrast using
predominantly rising F0 to mark questions, 4-year-
olds and 7-year-olds may rely on duration cues given
that rising F0 may impose greater motoric demands.
Furthermore, while 7-year-olds may be able to raise
F0, the extent and speed of change in terminal F0
may be reduced in comparison to 11-year-olds.

2. Method

2.1. Participants

Twelve monolingual English-speaking children,
ages 4, 7 and 11 years, participated in this study.



4 Pictures were used to account for differences in reading skills
among age groups, to make the task more engaging, and to better
approximate discourse level interactions.

5 Across all 4-year-olds, models were provided a total of 17
times, 15 of which were for question tokens. Given that tokens
produced directly after a model were not included in the analysis,
the 4-year-olds produced more repetitions than the other age
groups. In contrast, only 3 question models were required across
all 7-year-olds and the 11-year-old group did not require a model
to elicit the question or statement forms.
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Four subjects were included in each age group (4-
year-olds: M = 4 years 4 months; SD = 3.5 months;
7-year-olds: M = 7 years 4 months, SD = 5.1
months; 11-year-olds: M = 11 years 3 months,
SD = 3.3 months). Within each age group, there
were two male and two female children. These three
age groups were selected to provide an initial
account of the acoustic differences in question–
statement prosody at different stages in develop-
ment. Children younger than 4 years of age were
not included given the cognitive-linguistic demands
of the speaking task. Snow’s (1998) previous work
demonstrates that by 4 years of age children can
imitate question–statement pairs to some extent.
In order to minimize confounding variables, the
oldest group was comprised of 11-year-old boys
and girls to limit this group to prepubescent chil-
dren. All children passed a pure-tone hearing
screening presented bilaterally at 25 dB at 500,
1000, 2000 and 4000 Hz. Prior to data collection,
parental interviews and informal play sessions were
conducted to assess whether the children had ade-
quate speech and language abilities necessary for
completing the task. All participants had no
reported histories of speech, language, or hearing
problems and/or developmental or neurological
impairments.

2.2. Materials and apparatus

Speech recordings were collected in an audiomet-
ric booth using a MiniDisc recorder (HHB 500
PortaDisc) and a unidirectional head-mounted car-
diod dynamic microphone (Shure, SM10A) placed 1
inch from the corner of the child’s mouth.

2.3. Procedure

Each child produced multiple repetitions of two
phrases spoken as statements and the same two
phrases spoken as questions. Bonvillian et al. (1979)
have shown that 4-year-old children are better at imi-
tating sentences with six or fewer words compared to
longer sentences. Thus, stimuli in this experiment
were limited in length to four monosyllabic words
each. Target phrases were designed to accommodate
kinematic and acoustic analyses. Target words in the
first phrase began with /b/ (‘‘Show Bob a bot’’) and in
the second phrase began with /p/ (‘‘Show Pop a
pot’’). Each phrase began with the word ‘‘show’’ for
consistency. Syllable structure and vowel height were
controlled for across the target phrases. Voiced and
unvoiced cognates of the bilabial plosive were
selected to explore interactions between laryngeal
and respiratory subsystems in prosodic control.

A naturalistic discourse elicitation technique was
used to collect spoken utterances (see Allen and Arn-
dorfer, 2000 for a similar technique used to elicit
question–statement tokens in children with hearing
impairment). Specifically, each child was introduced
to popsicle stick puppets consisting of colored draw-
ings4 of the four target words. ‘‘Pop’’ was depicted as
a grandfather, ‘‘pot’’ was a cartoon drawing of a
black pot, ‘‘Bob’’ referred to the character Sponge-
Bob SquarePants, and ‘‘bot’’ was the name of a
robot. The child’s task was to instruct the experi-
menter to perform an action using one character
(e.g., ‘‘Bob’’ or ‘‘Pop’’) and one object (e.g., ‘‘bot’’
or ‘‘pot’’). A short contextual scenario was provided
to elicit the appropriate phrase and tone. For exam-
ple, to elicit ‘‘Show Bob a bot’’, the child was told
that Bob was lonely and he wanted something to
play with. The experimenter would ask ‘‘What
should I show Bob?’’ The child would respond
‘‘Show Bob a bot’’. If the child responded with just
the object name (e.g., ‘‘bot’’), the experimenter
would encourage the production of a complete sen-
tence. The scenario used to elicit the question form
‘‘Show Bob a bot?’’ was that Bob was hungry and
he needed something for making soup. One of the
investigators would act as though they were helping
the child by volunteering the response ‘‘Show Bob a
bot’’. The other investigator would then look puz-
zled and ask the child ‘‘Does that make sense? Ask
her what she wants to do’’. The child would then
ask ‘‘Show Bob a bot?’’ In many instances, especially
for children in the 4-year-old group, additional cues
and sometimes models5 were required to elicit the
question form. In instances where the question form
was modeled by one of the investigators, the contex-
tual scenario was repeated in order to reduce the
effects of imitation. Only those tokens produced
without direct models were analyzed. While this
protocol does not yield truly volitional productions,
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we felt that elicited utterances may better approxi-
mate the child’s prosodic control abilities compared
to directly imitated productions used in most previ-
ous studies of child prosody.

To control for order effects, phrase type (the
‘‘Bob’’ vs. ‘‘Pop’’ phrase) and sentence type (ques-
tion vs. statement) orders were randomized across
speakers. At least 15 repetitions of each phrase
produced as a statement and 15 repetitions of each
phrase produced as a question were requested. Of
these tokens, 10 statement productions and 10 ques-
tion productions of each phrase were acoustically
analyzed. Selection of these tokens was based on
the judgments of two independent research assis-
tants who heard each production and selected
tokens that were free of acoustic errors (e.g., F0
tracking errors, interjections of noise, multiple talk-
ers) and produced without imitation.

2.4. Acoustic analyses

In total, 480 utterances (40 productions * 12
speakers) were acoustically analyzed. All utterances
were sampled at 22,050 Hz. The Praat speech anal-
ysis software package (Boersma and Weenink,
2004) was used to mark the beginning and end of
each syllable within each phrase. Cursor placements
were marked by listening to the waveform and using
the intensity envelope as a guide. Praat was also
used to calculate four acoustic features: syllable
duration, average F0 (F0ave), change in F0 within
a syllable (F0slope), and average intensity (INTave).
Multiple features were collected in order to best
account for the ways in which children may be
achieving the prosodic contrasts. While previous
work has focused on average F0 and its range,
examining the change in F0 within a syllable pro-
vides insights into the shape of the underlying F0
contour and allows for comparisons of the speed
of change in terminal F0 between questions and
statements. Along the lines of Lieberman (1960)
and Howell (1993), we sought to understand
whether trading relationships existed in children’s
productions. In other words, were children in one
age group relying on one of the three prosodic cues
more than another and if so, how did the cues and
cue combinations used to mark questions, change
over the course of development?

2.4.1. Syllable duration

The duration of each syllable within each utter-
ance was calculated using a customized program
that used the Praat generated labels for demarking
the beginning and end of each syllable. Four dura-
tion measures were calculated for each phrase:
S1_dur, S2_dur, S3_dur, and S4_dur, the duration
of syllable 1, 2, 3, and 4, respectively.
2.4.2. Fundamental frequency

For each syllable within each phrase, the Praat
system was used to estimate F0 values (Hz) at
10 ms intervals within the utterance. Manual correc-
tion of the automatically generated F0 values was
required on 16 of the 480 utterances. A majority
of these F0 tracking errors occurred for samples
produced by children in the 4-year-old group and
one of the 11-year-old female speakers. Pitch-track-
ing errors consisted of octave jumps and periods of
devoicing that could not be verified auditorily.
Manually adjusting the upper and lower F0 limits,
and frame duration parameters in Praat typically
led to improvements in F0 tracking. These new F0
values were verified through visual and auditory
inspection and confirmation using direct calculation
of the pitch period from the waveform. In total,
eight F0 measures were calculated for each phrase;
(a) S1_F0ave, S2_F0ave, S3_F0ave, and S4_F0ave;
the average of F0 values within each syllable, and
(b) S1_F0slope, S2_F0slope, S3_F0slope and
S4_F0slope; the rate of change in F0 within each
syllable.
2.4.3. Intensity

The Praat system generated relative intensity val-
ues (dB) across the duration of each syllable within
each phrase. Four measures were calculated for
each phrase (S1_INTave, S2_INTave, S3_INTave,
and S4_INTave), corresponding to the average of
intensity values within each syllable.
2.4.3.1. Reliability of acoustic measures. To evaluate
intra-labeler reliability, 10% of each child’s utter-
ances were randomly selected and relabeled. Intra-
labeler reliability of syllable duration measures
across these two points in time was r = 0.986 (mean
difference across the two measurement points =
0.004 s, SD across the measurement points = 0.012 s).
All intensity and F0 values were recomputed based
on these new duration labels. The mean difference
between the first and second measurements in inten-
sity and F0 were minimal (3.8 Hz (SD = 2.6 Hz) for
F0ave, �42.8 Hz/s (SD = 5.6 Hz) for F0slope; and
1.3 dB (SD = 0.7 dB) for INTave).
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3. Results

Acoustic analyses were conducted on all 240
statement productions and 240 question produc-
tions. Separate repeated measures analyses of
variance were conducted for each of the dependent
measures (F0ave, F0slope, INTave and duration).
In each analysis, the effect of one between-subject
factor (group; 4 year, 7 year, vs. 11 year old) and
three within-subject factors were examined. Factor
1 represented the sentence type and had two levels
(question; statement). Factor 2 represented phrase
type and had two levels (/b/; /p/ phrase). Factor 3
represented syllables and had four levels (syllable 1
(S1), syllable 2 (S2), syllable 3 (S3), and syllable 4
(S4)). The response variables were all continuous;
fundamental frequency in Hz, intensity in dB, and
duration in seconds. The F statistic was used to test
the null hypothesis with a = 0.05. Considering each
acoustic parameter separately, up to 20 pair-wise
contrasts were conducted to examine meaningful
differences across syllables, sentence type, phrase
type and age group. To account for multiple com-
parisons in these post-hoc tests, a Bonferroni
correction factor was applied and only values of
p < 0.0025 were considered to be statistically
significant.

3.1. Syllable duration

A statistically significant main effect in duration
was found for syllables (F = 76.66; df = 3, 21;
p < 0.0001) (Fig. 1). Two-way interactions between
syllable by phrase type (F = 5.86; df = 3, 21;
p = 0.0045), syllable by sentence type (F = 19.42;
df = 3, 21; p < 0.0001), and phrase type by sentence
Fig. 1. Mean syllable duration (s) for each syllable of statement and qu
bot’’ and ‘‘Show Pop a pop’’.
type (F = 5.62; df = 1, 7; p = 0.049) were also signif-
icant. All three age groups elongated the final sylla-
ble for questions compared to statements. These
differences in final syllable duration were more
pronounced for the /p/ phrase than the /b/ phrase.

3.2. Fundamental frequency

Two F0 measures were examined for each sylla-
ble within each phrase: F0ave and F0slope. In each
analysis, gender was initially included as a second
between-subjects factor to account for inherent
differences in F0 among female and male children.
While these differences in F0 may not be present
in young children, they may have been evident in
the 11-year old group. There were, in fact, no statis-
tically significant main effects or interaction effects
of gender for any age group in F0ave or F0slope.

Statistically significant main effects in F0ave were
found for syllable (F = 26.36; df = 3, 21; p <
0.0001), phrase type (F = 5.99; df = 1, 7; p =
0.0442), and sentence type (F = 7.34; df = 1, 7;
p = 0.0302) (Fig. 2). Interactions between syllable
by age group (F = 6.41; df = 6, 21; p = 0.0006),
syllable by sentence type (F = 69.46; df = 3, 21;
p < 0.0001) and syllable by sentence type by age
group (F = 2.74; df = 6, 21; p = 0.0401) were all sta-
tistically significant. While the relative patterning of
F0ave used by 4-year-olds was similar to that used
by 7 and 11-year-old children for making state-
ments, the change in F0ave from S3 to S4 for ques-
tions was considerably lower than that employed by
the older children. In fact, for the /b/ phrase, 4-year-
olds were unable to raise F0ave for the question
form. These results suggest that 4-year-olds were
having more difficulty with rising intonation than
estion tokens produced by 4, 7 and 11-year-olds for ‘‘Show Bob a



Fig. 2. Mean of the average fundamental frequency (Hz) for each syllable of statement and question tokens produced by 4, 7 and 11-year-
olds for ‘‘Show Bob a bot’’ and ‘‘Show Pop a pop’’.
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falling intonation. It is interesting to note that
4-year-olds dropped F0ave for the final syllable of
statement to a greater extent than 7-year-olds and
11-year-olds. Both the 7-year-old and 11-year-old
groups signaled questions using rising F0ave on
the final syllable.

Statistically significant main effects for F0slope
were found for sentence type (F = 11.37; df = 1, 7;
p = 0.0150) (Fig. 3). Interactions between syllable
by age group (F = 4.67; df = 6, 18; p = 0.005), and
syllable by sentence type (F = 21.59; df = 3, 18;
p < 0.0001) were also significant. For all three age
groups, within syllable changes in F0 were most sali-
ent for the final syllable. While 7 and 11-year-old
children marked questions with a sharply rising F0
slope on the final syllable, 4-year-old children were
unable to achieve this rapid change in F0 for the
phrase-final position. It should be noted, however,
that the 4-year-olds were slightly better able to raise
F0 for the final syllable of the /p/ phrase compared
Fig. 3. Mean change in fundamental frequency within each syllable (Hz/
olds for ‘‘Show Bob a bot’’ and ‘‘Show Pop a pop’’.
to the /b/ phrase. Also noteworthy is the fact that
statements were marked by a more steeply falling
F0slope on the final syllable for 4-year-olds com-
pared to 7 and 11-year-olds.

3.3. Intensity

A statistically significant main effect in INTave
was also only found for syllable (F = 30.87;
df = 3, 21; p < 0.005). Only the two-way interac-
tions between syllable and age group (F = 4.96;
df = 6, 21; p = 0.0026), syllable and phrase type
(F = 5.09; df = 3, 21; p = 0.0084), and syllable and
sentence type (F = 23.36; df = 3, 21; p < 0.0001)
were significant. Table 1 shows mean INTave values
by syllable for each phrase by age group. While
questions were marked by a slightly higher INTave
than statements, the difference was only statistically
significant for the 7-year-old group. The difference
in mean INTave for questions versus statements
s) of statement and question tokens produced by 4, 7 and 11-year-



Table 1
Mean and standard deviation of INTave in statement and question forms of ‘‘Show Bob a bot’’ and ‘‘Show Pop a pot’’ by age group.

INTave (dB) INTave (dB)

Statement Question Statement Question

4 year olds Show 56.7 (3.8) 56.1 (4.4) Show 55.6 (4.1) 54.7 (4.3)
Bob 63.1 (4.0) 63.5 (6.1) Pop 58.1 (4.0) 57.7 (4.5)
a a
bot 57.7 (3.5) 59.2 (4.1) pot 53.5 (4.1) 56.8 (4.6)

7 year olds Show 48.7 (5.1) 48.7 (5.1) Show 47.6 (5.1) 47.2 (6.2)
Bob 55.7 (5.4) 56.2 (5.9) Pop 52.1 (5.3) 53.7 (5.2)
a a
bot 50.7 (5.2)* 63.4 (6.6)* pot 49.3 (4.9)* 62.0 (6.7)*

11 year olds Show 62.4 (2.7) 62.9 (3.3) Show 61.9 (3.0) 60.7 (3.5)
Bob 66.9 (3.7) 67.2 (2.8) Pop 63.4 (3.6) 64.9 (3.9)
a a
bot 62.1 (3.0) 64.2 (2.9) pot 60.8 (2.7) 63.9 (3.7)
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was highest in the 7-year-old group; however, this
group also had the highest standard deviation in
INTave.

4. Discussion

Acoustic analyses of question and statement pro-
ductions of children aged 4, 7 and 11 years highlight
the motoric and cognitive-linguistic complexity of
prosodic control. While adults contrast questions
from statements using F0, intensity, and duration,
rising F0 is thought to be the most prominent
acoustic cue for signaling declarative questions
(Cruttenden, 1986; Lieberman, 1967). Results of
the present study suggest that between the ages of
7 and 11, children begin to use adult-like patterns
of prosodic cues to signal the question–statement
contrast. In fact, 7 years olds in this study used
more exaggerated differences in F0, intensity and
duration between question and statement tokens
than the 11-year-olds.

With regard to the issue of which acoustic cues
children use over the developmental course to mark
questions, the present data suggest that young chil-
dren rely on syllable duration to contrast questions
from statements, while older children additionally
rely on F0 to mark the contrast. Similar to previous
studies (Loeb and Allen, 1993; Snow, 1994, 1998),
the 4-year-old group had difficulty with phrase-final
rising of F0. Instead, children in the 4-year-old
group employed final syllable lengthening to mark
questions (similar to that noted by Allen and
Hawkins, 1980). Although one may argue that the
4-year-olds’ performance may have been affected
by their understanding of the task, these children
consistently modified duration to signal the con-
trast. Thus, the 4-year-olds appear to rely on tempo-
ral features to mark the prosodic contrast. It should
also be noted that despite being unable to raise F0
for questions, 4-year-olds were able to lower F0
for statements. The 4-year-olds may have been
attempting to optimize the contrast by exploiting
their limited F0 range. They also did so with a much
steeper slope than the older children. This finding is
consistent with Xu and Sun’s (2002) conclusions
that rising F0 is more motorically complex and
associated with a slower change in F0 than falling
F0. Collectively, these findings suggest that the
4-year-olds were attempting to mark the question–
statement contrast even though their developing
speech motor control and/or their maturing cogni-
tive-linguistic systems had not yet mastered the
use of F0 and intensity cues for this purpose. Future
extensions of this work may explore whether listen-
ers can make use of the acoustic information in the
4-year-olds productions to accurately distinguish
among questions and statements.

The 7-year-old group appeared to be using all
three prosodic cues, namely, F0, intensity and dura-
tion to convey the difference between questions and
statements. The extent and speed of change in termi-
nal F0 was comparable between the 7-year-olds and
11-year-olds. Although 7-year-olds marked the con-
trast using greater differences in average intensity
compared to 4-year-olds and 11-year-olds, they also
exhibited more variability suggesting that physio-
logical control of intensity continues to be refined
beyond age 7 (Stathopoulos and Sapienza, 1997).
In contrast, the 11-year-old group relied primarily
on manipulations of F0 and less so on intensity
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and duration changes. This pattern of relying on F0
cues to mark the contrast is similar to that noted
in adults (Crutenden, 1986; Lieberman, 1967;
O’Shaughnessy, 1979). Perhaps the laryngeal and
respiratory control and coordination available to
11-year-olds enabled them to rely on F0 manipula-
tions to signal questions. On the other hand, the
7-year-olds altered F0, intensity, and duration, to
ensure that a question was signaled. It is unclear
whether the F0 cues within the 7-year-old produc-
tions may have been sufficient to convey the con-
trast to listeners.

We found that rising intonation was difficult
for 4-year-olds but mastered by the 7-year-old and
11-year-old groups. As expected, the variability in
F0 control decreased considerably with age. These
patterns are consistent with previous studies that
have shown that children continue to refine acoustic
parameters until adolescence (Cruttenden, 1985;
Crystal, 1986; Eguchi and Hirsch, 1969; Kent,
1976; Kent and Forner, 1980; Koenig, 2000; Smith
and Kenney, 1998; Tingley and Allen, 1975; Wells
et al., 2004). While an adult control group was not
used in the present study, it may be fruitful in future
work to compare and contrast the productions of
older children and adults.

An unanticipated finding relates to differences in
prosodic control among the 4-year-old group for the
voiceless plosive phrase ‘‘Show Pop a pot’’ versus
the phrase with voiced plosive targets ‘‘Show Bob
a bot’’. The former yielded more acoustically con-
trastive productions with respect to F0 control com-
pared to the latter. One possible explanation may be
related to the breath control and laryngeal constric-
tion necessary for raising F0 and intensity during
voiced plosive production. This phrase requires
vocal fold adduction throughout most of utterance
while maintaining sufficient subglottal pressure
and simultaneously increasing tension on the folds
at the end of the utterance to raise F0 for questions.
Alternatively, a cognitive-linguistic explanation may
be related to word versus non-word differences. Per-
haps ‘‘Show Pop a pot?’’ was linguistically simpler
or more familiar for the 4-year-old group than
‘‘Show Bob a bot?’’ given that ‘‘pot’’ is a word
and ‘‘bot’’ is a non-word. It should be noted that
although ‘‘bot’’ is a non-word, children were intro-
duced to a robot character called ‘‘bot’’ and thus
this explanation does not seem sufficiently satisfy-
ing. These phoneme specific differences were found
only for the 4-year-old group. While further investi-
gation with a larger sample of children and target
phrases is required to shed light on this issue, our
data highlight the complex interconnections
between prosodic and segmental units which cannot
easily be teased apart.

With regard to insights into the motor control
of prosody, an interesting parallel can be drawn
between the productions of the 4-year-olds in this
study and previous findings on adults with severe
speech impairment (Patel, 2003; Vance, 1994).
Despite difficulties in raising F0 for questions, both
groups signaled the contrast with other acoustic
cues that were easier for them to control. Questions
were marked by increased final syllable duration
and statements with sharply falling F0 contour.
These compensations are predicted by previous
work which suggests that falling contours impose
fewer motor demands than rising contours and thus
may be mastered earlier (Snow, 1998; Xu and Sun,
2002). It is interesting how both of these motor
systems, the maturing and the disordered, arrive at
similar cue combination strategies. Further research
is required to inform our understanding of the inter-
actions between physiologic constraints and the
acoustic manifestation of prosodic cues.

While the findings reported herein are limited in
that they provide an acoustic characterization of
only 12 children, these initial insights may spark fur-
ther inquiry into the acoustic realization of prosodic
contrasts throughout development. The present
findings suggest that control of prosodic cues, pri-
marily F0, may not be mastered until at least 7 years
of age (see Wells et al., 2004 for similar findings).
Moreover, the patterns used by 7-year-olds continue
to be refined with increasing age so as to produce
contrastive yet natural prosodic contrasts. Larger
scale investigations with a greater variety of pro-
sodic tasks and a larger sample size are necessary
to generalize these initial findings. While imitation
of prosodic contrasts may be mastered earlier, voli-
tional control may require more motor practice and
further maturation of the child’s linguistic and
cognitive abilities. Furthermore, the profile of
acoustic cues used to mark prosodic contrasts such
as question versus statement appears to evolve with
increasing motor skill and maturation.

5. Conclusions

This study sought to provide initial insights into
the acoustic characterization of the question–state-
ment contrast in 12 children aged 4, 7, and 11 years.
The results indicate that the 4-year-olds were unable
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to reliably signal questions using rising fundamental
frequency contour. Instead, they used increased
final syllable duration to mark questions. In con-
trast, the 7-year-olds used a combination of funda-
mental frequency, intensity and syllable duration
to mark the contrast. Productions of 7-year-old chil-
dren were exaggerated compared to the 11-year-old
group. The oldest group relied primarily on changes
in fundamental frequency and less so on intensity
and duration cues. These findings suggest that even
a simple linguistic contrast such as question versus
statement requires considerable motor coordination
of prosodic features and access to linguistic and cog-
nitive resources that may not be mastered and adult-
like until at least 7 years of age. These findings
provide developmental data that address prosodic
development alongside acquisition of segmental
control.
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