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ABSTRACT

Speakers alter the way they produce speech according to the communicative situation. Changes are made to enhance
the efficiency of information transmission. For instance, when in noisy environments, people speak loudly and pro-
duce more energy in higher frequencies (the Lombard effect). This study investigated whether a change in the visual
conditions associated with communication would also lead to modification in speech production. More specifically, it
examined if auditory prosody would be affected by whether the speaker could see the interlocutor or not. In the ex-
periment, two types of prosodic contrasts were included. The first was ‘prosodic focus’ used by speakers to enhance
the perceptual salience of an item. The second was ‘prosodic phrasing’ which refers to the phrasing of a sentence as a
question without using an interrogative pronoun. Four speakers were recorded while completing a dialog exchange
task in which the interlocutor could or could not be seen. The results showed that the corner-most vowels recorded in
narrow focus and echoic question contexts were produced over longer durations and with a greater vowel space (re-
flected by greater vowel triangle area and vowel triangle dispersions) relative to broad focused renditions across both
interaction conditions. With the exception of intensity, no other acoustic or spectral properties appeared to be en-
hanced at the phonemic level when the interlocutor was not visible to the speaker. This may be due to prosody aftect-
ing the utterance at more global levels (e.g., word and utterance levels), rather than at the localized vowel level. That
is, modifications may be seen between interactive conditions in terms of pitch contours, pre-focal shortening and in-
tensity profiles when examined across the whole utterance.

I. INTRODUCTION

It is known that speakers make situation- and audience-
dependant changes to the speech signal that they produce in
order to increase the likelihood of the audience clearly under-
standing the intended message. That is, speakers adjust the
way that they speak depending on who (or what) they are
talking to, and the environment in which they interact. For
example, when conversing with infants, adults engage in so-
called “infant-directed speech”, characterised by increased
pitch, greater perceptually rated affect and hyperarticulation
of vowels (i.e., expansion of the F1-F2 vowel space) com-
pared to the speech directed towards another adult [1, 2].
Similarly, in the presence of noise (i.e., Lombard speech),
speakers increase loudness and pitch, and decrease their
speaking rate relative to production of speech in quiet situa-
tions [3]. Of interest in this study is whether a change in the
visual conditions associated with communication would also
lead to modifications in speech production. More specifi-
cally, it examined whether the production of auditory pros-
ody would be affected by whether the speaker could see the
interlocutor or not.

Prosody is a broad term used to describe variations in the
auditory speech signal corresponding to the perception of
pitch, loudness and duration. Of its many functions, prosody
can indicate general speaker characteristics (such as gender,
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age, physiological and emotional states), assist in the seg-
mentation of an incoming speech signal into meaningful units
allowing for understanding, and convey information extend-
ing beyond that provided by sentence syntax, grammar and
the symbolic content of speech sounds alone [4]. Put simply,
the modification of suprasegmental acoustic cues can alter
the linguistic message, without manipulating the syntactic
content of an utterance. Two such contrasts of interest in this
study are prosodic focus and prosodic phrasing.

Prosodic focus describes the situation where a word is made
perceptually more salient than other words within a sentence,
and is used to emphasize importance or to disambiguate a
particular constituent within an utterance. The focused item
within such an utterance is said to be “narrowly focused”, as
the point of informational focus has narrowed down to that
particular item [5]. Narrow focus contrasts with “broad” fo-
cused renditions, where there is no explicit point of informa-
tional focus. The prosodic type we refer to as prosodic phras-
ing refers to acoustic modifications used to achieve different
sentence types, such as statements and questions. By mimick-
ing the syntactic content of a declarative statement but alter-
ing suprasegmental parameters, an “echoic” question can be
phrased without the use of an interrogative pronoun [6]. That
is, although echoic questions contain the same syntactic con-
tent as a declarative statement, a level of uncertainty can be
implied through the manipulation of acoustic cues.
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The acoustic properties associated with prosodic focus and
prosodic phrasing have been intensively studied and well
described. In general, a narrowly focused word (relative to
the same word produced in a broad focused rendition) tends
to be articulated with a higher fundamental frequency (FO0),
have a greater intensity and consist of longer syllable dura-
tions [7]. Narrowly focused vowels also appear to be pro-
duced with greater first formant values than the same vowel
produced in broad focused contexts [8].

Different sentence phrasings typically vary in the following
ways: statements can be characterised as having a steadily
falling FO contour ending with a sharp drop (often signalling
finality), whereas the opposite pattern is observed for echoic
questions (i.e., gradually rising FO throughout the time course
of the utterance, with a final sharp rise in pitch, indicating a
response may be required from an interlocutor) [6]. State-
ments also tend to have shorter syllable durations and steeper
falls in final intensity compared to the same sentences uttered
as echoic questions. In addition to affecting the utterance at a
global level, echoic questions can also be deemed to have a
narrow point of informational focus (i.e., one particular con-
stituent that is questioned within an utterance) [9]. A ques-
tioned word differs from broad focused renditions of the
same word in terms of pitch contour and is typically pro-
duced over an increased duration (see Figure 1 for a compari-
son of time-normalised pitch contours for the same sentence
produced with broad focus, narrow focus and echoic question
renditions).
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Echoic Question
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Fundamental Frequency (H

*Itis aband of steel three inches wide

Figure 1. Time-normalised FO patterns for three rendi-
tions (broad focus; narrow focus; echoic question) of the
sentence “It is a band of steel three inches wide” uttered
by a male speaker. The word “steel” is the critical word

that receives narrow focus or question intonation. The

prosodic speech condition affects the utterance at both the
local level of the critical word, as well as at the global

level of the utterance. (Source: Cvejic et al., 2010 [10])

Speakers are receptive to the linguistic needs of their audi-
ence, and are able to tailor the produced speech signal ac-
cordingly (whether this being due to the interactive environ-
ment or the nature of the intended message). However, the
interlocutor also plays a role in eliciting these modifications
by providing the speaker with a range of feedback cues. Such
cues can be used by the speaker to make adjustments to the
signal in order to increase the chance that the intended mes-
sage is received by the interlocutor [11]. While these cues
may be acoustic (e.g., explicitly asking for clarification, or
back-channelling to indicate understanding), they can also be
visual. That is, when interacting with people, a wealth of
visual cues are available from a listener’s face and from bod-
ily gestures (moreover, the visual cues from the face of a
speaker are also a rich source of information for an interlocu-
tor, and are useful for both segmental [12, 13] and supraseg-
mental tasks [10, 12]). In this study, we were interested in
examining the effect that being able to see the interlocutor
has on the production of acoustic prosody. That is, are the
production of acoustic cues different when a speaker can see
the person they are talking to compared to when they cannot?
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II. METHOD
A. Materials

The materials consisted of 30 non-expressive, phonetically
balanced sentences drawn from the IEEE Harvard Sentence
list [14], describing mundane events with minimal emotive
content. Each sentence was recorded in three prosodic condi-
tions: as a broad focused statement, a narrow focused state-
ment, and as an echoic question.

To elicit the conditions in this study, a dialogue exchange
task was used [10, 15] requiring the speaker to interact with
an interlocutor, and either repeat what they heard the inter-
locutor say (broad focused statement) make a correction to an
error made by the interlocutor (narrow focused statement,
Example 1), or question an emphasized item within the sen-
tence produced by the interlocutor (echoic question, Example
2). An example of this dialogue is given below:

Example 1.
I: It is a band of [rubber|grror three inches wide.
S: It is a band of [steel]|corr. three inches wide.

Example 2.
I: It is a band of [steel]gmpy, three inches wide.
S: It is a band of [steel]quest. three inches wide?

B. Apparatus

Auditory data was captured using a Behringer C-2 condenser
microphone placed approximately 30cm below the speaker’s
mouth, held in position with a boom-arm microphone stand.
The acoustic signal was sampled at 44.1 kHz digitized mono.

C. Procedure

Each speaker was recorded individually while seated in an
adjustable dentist’s chair within a double-walled, sound insu-
lated booth. In this study, two interaction conditions were
used; face-to-face (FTF) and audio-only (AO) interactions.

In the FTF condition, participants were instructed to direct
their speech towards an interlocutor, who was located ap-
proximately 2.5 meters in front of them (Figure 2) while
engaging in the dialogue exchange task previously outlined.
Participants were instructed to speak as naturally as possible.
This condition allowed both the speaker and interlocutor to
see and hear each other. The interlocutor was not instructed
to provide any additional visual cues to the interlocutor, nor
was the speaker instructed to pay special attention to the visi-
ble cues available from the interlocutor.

Double Walled
Sound Insulated Booth

Microphone

Interlocutor

Speaker
| |

| Approx. 2.5 meters !

Figure 2. The experimental setup used in the FTF interaction
condition. The speaker and interlocutor engaged in the dia-
logue exchange task while visible to each other.
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In the AO interaction condition, participants completed the
dialog exchange task over a microphone and head-phone
setup shown in Figure 3. Behringer C-2 condenser micro-
phones were inputted into the left (speaker) and right (inter-
locutor) audio channels of an Edirol UA-25 USB audio cap-
ture card. The left channel was then outputted to the inter-
locutor, and the right channel outputted to the speaker,
though Senheiser HD650 stereo headphones. The input sensi-
tivity was adjusted so that the speaker and interlocutor could
hear each other at a perceived comfortable, conversational
volume. Participants remained seated in the dentists chair as
for the FTF condition; however the interlocutor was located
outside of the room (Figure 4). This condition allowed the
speaker and interlocutor to interact with each other, but this
interaction was restricted to only auditory communication
(i.e., visual feedback was no longer available from the
speaker).

Speaker

VLA A

OUTPUT R
L

AL,

EDIROL USB
INPUT  CAPTURE
L R CARD

Interlocutoy l l

Figure 3. Audio setup used in the audio-only interactive
condition, allowing for the speaker and interlocutor to con-
verse over microphone and headphone setup without being

visible to each other.
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E. Data processing

Captured auditory data was subjected to semi-automatic
forced phonemic alignment using the MARY-TTS engine
[16], before manually correcting the identified phoneme
boundaries in Praat [17]. For the purpose of this study, we
were concerned with the fine-grained acoustic-phonetic char-
acteristics associated with the production of prosody across
different interactive conditions, and investigated these by
examining changes in the vowel space.

In order to measure the vowel space of each speaker, a subset
of the three most corner vowels from the stimuli /a,i.o/ were
selected from within the critical words. The sentences, and
the associated critical vowels, are shown in Table 1.

Table 1. Subset of the 10 sentences containing the target
vowels from which the vowel space measurements were
calculated. The critical word is within brackets.

/al:

It was hidden from sight by a [mass] of leaves and shrubs.
The weight of the [package] was seen on the high scale.
Hold the [hammer] near the end to drive the nail.

/il

It is a band of [steel] three inches wide.

The lobes of her ears were [pierced] to hold rings.
A [pink] shell was found on the sandy beach.
This is a grand [season] for hikes on the road.

/o/:

Clams are round, [small], soft and tasty.
A [small] creek cut across the field.
The set of china hit the [floor] with a crash.

Double Walled

Sound Insulated Booth

Microphone

Speaker

Microphone
nterlocutor
Figure 4. The experimental setup used in the AO interaction
condition. The speaker engaged in the dialogue exchange
task with the interlocutor over a microphone and head-phone

setup, allowing them to hear each other while not being visi-
ble to each other.

In each interaction condition, two repetitions of each sen-
tence were recorded in each of the three prosodic speech
conditions. In total, 360 sentences (30 sentences x 3 prosodic
conditions x 2 repetitions x 2 interaction conditions) were
recorded for each speaker.

D. Participants

Four male speakers (Mag= 22.5 years) participated in the
data capture sessions. All were native speakers of Standard
Australian English, with similar levels of education. All
speakers had self-reported normal hearing and vision, with no
known communicative dysfunction.
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Fundamental frequency, mean relative intensity and dur-
ational properties of the critical vowels were extracted using
custom-designed scripts in Praat [17]. Steady state formant
properties (F1 and F2) were extracted using the procedure
outlined in [18]. The acoustic data was initially down sam-
pled to 10 kHz, before calculating formant frequencies by
applying a 25ms sliding window (with steps of 1ms) to the
signal, with the steady state value being determined by aver-
aging 40% of the formant estimates between 40 and 80 per-
cent of the total vowel duration.

The obtained formant values were then converted to the per-
ceptually motivated Mel scale [19], using (1):

M = (1000/log2)*(log((F/1000)+1)) )

where M and F are frequency values expressed as Mels and
Hertz, respectively [20].

In order to calculate the size of the vowel triangle, the
Euclidean distance between each vowel category centre was
obtained. The area of the generated vowel triangle can then
be calculated using (2):

VTArea (Mels®) = V(SX(S-A)x(S-B)*(S-CL)  (2)

where S = ((A.+B+Cp)/2), and Ay, By, and Cy are the
Euclidean distances in Mels between vowel category centres
/al to /i/, /i/ to /o/ and /o/ to /a/, respectively.

To calculate the vowel space dispersion, the Euclidean dis-
tance was calculated between the vowel space midpoint, and
each vowel token, indicating the overall expansion (or com-
paction) of the vowel space. The mean of these distances is
reported. Within category dispersion was calculated in a
similar way, by determining the Euclidean distance between
the midpoint for each vowel category, and each measured
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token within that category, with mean obtained for these
values. This measure provides an indication of individual
vowel category dispersion, which may indicate consistency
or variability of individual vowel productions across repeti-
tions within each prosodic category and interactive condition
[20]. All distance calculations were carried out in Matlab
(The Mathworks, Inc.).

In the following analyses, we first compared the acoustic and
spectral properties across prosodic conditions in the FTF
condition, then examined these properties for the condition
where interaction occurred within an AO context. Finally, we
examined the differences between the two interactive condi-
tions.

lll. RESULTS
A. Acoustic analysis in FTF condition

Table 2 outlines the fundamental frequency, relative intensity
and duration of the vowels /a, i, o/ as a function of the pro-
sodic context collapsed across speakers. Even at the phone-
mic level, differences across the prosodic conditions can be
observed (most notably for durational properties).

Table 2. Acoustic properties of the corner-most vowels /a,
i, o/ as a function of prosodic context, recorded in the FTF
interactive condition. Values collapsed across speakers.

Prosodic Condition

Vowel Broad Narrow Echoic
Focus Focus Question

Fundamental Frequency (Hz)

/a/ 113.00 117.13 109.92

i/ 120.00 125.78 111.28

/o/ 109.21 116.00 115.17
Relative Intensity (dB)

/a/ 62.61 64.69 62.32

i/ 63.50 65.81 63.70

/o/ 63.59 65.80 64.35
Duration (ms)

/a/ 95.32 123.67 116.84

i/ 97.77 135.97 132.44

o/ 137.96 214.80 182.72

To determine whether there were significant differences on
these acoustic properties, these data were collapsed across
vowel categories, and subjected to a series of planed com-
parison paired samples #-tests. Overall, the fundamental fre-
quency of vowels was significantly higher in narrow focus
than broad focus renditions, #(79) = 7.52, p < .001, however
no significant difference was observed between broad focus
and echoic questions for the fundamental frequency of steady
state vowels, #79) < 1, p > .05. Similarly, the mean relative
intensity of narrow focused vowels was greater than that for
broad focused vowels, #79) = 10.89, p < .001, whereas no
different was observed between broad focus and echoic ques-
tion renditions, #(79) = 1.31, p = .194. In terms of duration,
vowel lengths in both narrow focus (#79) = 11.13, p <.001)
and echoic question contexts (#(79) = 8.94, p < .001) were
significantly larger than the same vowels recorded within a
broad focused context.

It should be noted that the above observations pertain to
measured differences at the vowel level, and as such, acoustic
differences that are often used to characterise prosodic condi-
tions (e.g., fundamental frequency modulation particularly
for echoic question renditions) were not found. Such differ-
ences are however likely to be seen when examining utter-
ances at a broader constituent level (i.e., at the word or sen-
tence level).

4
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Table 3 outlines the area of the vowel triangle space, vowel
space dispersion, within category dispersion, and F1 and F2
ranges for vowels recorded in the FTF interaction condition
for each individual speaker. From this and Figure 5, it can be
seen that the vowel triangles across speakers generally ex-
pand as a function of the prosodic conditions, larger in nar-
row focus and echoic question renditions compared to the
same vowels produced within broad focused utterances.
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Figure 5. Vowel triangle properties for broad focus, nar-
row focus and echoic questions in the FTF interactive
condition for Speaker 1. The top panel shows vowel trian-
gle expansion between the conditions, the left column in-
dicate displacement from the F1-F2 vowel space mid-
point, and the right column shows within-category dis-
placement from vowel category midpoints for (A) broad
focus, (B) narrow focus and (C) echoic question renditions
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Table 3. Spectral properties (divided by speaker and prosodic condition) in the FTF interaction condition.

Spectral Measure

Speaker Prosody o e F1 F2
VT Area (Mels?) VT Dispersion Wlthln.Category Range Range
(Mels) Clustering (Mels) (Mels) (Mels)
1 Broad 75573.12 292.47 39.16 330.80 777.80
Narrow 100326.92 322.30 49.61 389.95 846.61
Echoic 98693.31 330.74 39.59 396.01 898.75
2 Broad 146520.28 375.82 65.12 417.23 1109.58
Narrow 155996.32 411.10 143.09 532.86 1146.72
Echoic 179797.62 428.14 58.30 440.98 1141.74
3 Broad 55790.97 261.77 78.81 329.37 876.60
Narrow 49414.21 306.11 113.28 371.23 1063.51
Echoic 55997.80 287.45 158.09 460.17 996.47
4 Broad 94084.75 333.27 70.15 336.24 952.34
Narrow 144561.43 397.17 65.65 476.99 1052.45
Echoic 141307.99 389.33 56.56 432.44 1015.11

When producing the vowels within these contexts, it appears
that speakers make an increased effort to make the vowels
more distinct compared to when produced in a broad focused
context. This finding is reflected in the VT dispersion meas-
ure, with greater vowel distances from the midpoint of the
F1-F2 space when a word in narrow focusing or questioned
within an utterance.

Within category clustering also appears to expand in narrow
focus and echoic question conditions; however this appears to
be highly variable across speakers. Finally, the range of F1
and F2 covered also appears to increase in narrow focus and
echoic question renditions, compared to broad focus produc-
tions. A greater vowel space is covered in these conditions,
which may be part of the speakers’ strategy to ensure that
their intended message is being clearly understood by the
interlocutor.

B. Acoustic analysis of AO interaction condition

Table 4 outlines the acoustic properties of the corner vowels
collapsed across speakers, as a function of the prosodic
speech condition in the AO interactions. As with the FTF
interaction condition, there were noticeable differences even
at the phonemic level between the prosodic conditions, most
noticeably in terms of vowel length.

Table 4. Acoustic properties of the corner vowels as a
function of prosodic context, recorded in the AO interac-
tive condition, collapsed across speakers.

Condition
Vowel Broad Narrow Echoic
Focus Focus Question

Fundamental Frequency (Hz)

/a/ 115.05 120.71 107.30

i/ 115.94 135.31 114.56

/o/ 109.08 109.08 124.88
Relative Intensity (dB)

/a/ 61.76 64.40 61.82

N/ 62.88 65.80 63.00

/o/ 62.23 66.12 63.21
Duration (ms)

/a/ 91.10 125.16 118.60

i/ 99.30 137.85 129.91

/o/ 140.00 216.21 195.82
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Planned-comparison paired samples #-tests (collapsed across
vowel categories) revealed that fundamental frequency was
significantly greater in narrowly focused than broad focused
renditions, #79) = 2.50, p = .014. The difference between
broad focus and echoic question renditions was not signifi-
cant. Similarly, mean relative intensity was significantly
greater for narrow focus than broad focus renditions, #(79) =
7.38, p < .001, but not for echoic questions relative to broad
focus items. As with the FTF interaction condition, signifi-
cant durational differences were found between the narrow
and broad focused vowel lengths (#79) = 9.88, p <.001) and
between echoic question and broad focus items (#(79) = 7.90,
p <.001). These results are consistent with the findings of the
face to face interactive condition.

Table 5 shows the spectral properties of the corner vowels
from the stimulus set in the AO interaction condition. Once
again, vowel space across different speakers shows expansion
between broad focus and both narrow focus and echoic ques-
tion utterances (see Figures 6 and 7). However, the overall
area of the vowel space, and degree of expansion, appears to
be highly variable across speakers. The dispersion of the
vowel space generally increases in narrowly focused and
echoic question conditions compared to broad focused rendi-
tions, with speakers producing these vowels with a greater
distance from the vowel space midpoint. Within vowel cate-
gory clustering is also highly variable across speakers and
conditions, with no clear pattern of data (possibly due to the
small number of observations made).

C. Comparison of interactive conditions

To compare the acoustic properties across the two interactive
conditions, a series of planned comparison, paired-samples #-
tests (with a Bonferroni adjusted alpha of .025) were con-
ducted comparing fundamental frequency, relative intensity
and duration between the two interactive conditions. For
fundamental frequency, the only significant difference be-
tween the interactive conditions occurred for narrow focus,
with FO on average being lower in the AO interactive condi-
tion, #79) = 5.20, p <.001, than in the FTF condition.

While no differences were observed between the broad fo-
cused intensity properties, speakers were louder in their
vowel production in the AO than AV interaction condition
for both narrow focus (#79) = 2.51, p = .014) and echoic
question prosodic conditions (#79) = 2.44, p = .017). No
durational differences were observed between the interaction
conditions for any of the prosodic contrasts.
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Table 5. Spectral properties (divided by speaker and prosodic condition) in the AO interaction condition.

Spectral Measure

Speaker Prosody VT Disoersi thi F1 F2
VT Area (Mels?) (;jgﬁ:)‘smn glllts t:rl'igat(?\%lzg) Range Range
g (Mels) (Mels)
1 Broad 76886.87 295.16 46.14 334.64 802.92
Narrow 92219.65 319.61 47.78 395.80 858.17
Echoic 117332.23 342.84 42.03 398.69 865.99
2 Broad 154829.37 388.01 52.75 441.96 1069.80
Narrow 189769.76 420.14 79.07 513.23 1160.49
Echoic 187736.42 423.87 48.07 475.16 1124.75
3 Broad 41597.68 253.35 135.03 399.97 786.81
Narrow 77854.98 333.89 89.54 362.33 1126.52
Echoic 30493.23 250.83 140.88 389.39 897.41
4 Broad 87166.99 318.37 80.52 341.87 1047.73
Narrow 129916.78 374.58 54.48 453.22 1008.73
Echoic 126370.45 382.69 60.81 411.30 1033.93
To examine if there were any statistical differences between 1800 1800
the interaction conditions in terms of vowel space, a 2x3
analysis of variance (ANOVA) was conducted, with interac- 1600 1600 )(/
tive condition as a within-subjects factor, and prosodic condi- —
tion as a between subjects factor. The pattern of vowel trian- & 1400 & 1400
gle areas across the different interactive conditions appears to ;,E' i § g
be highly similar, with no significant main effects or interac- ~ ~
tion (F’s < 1). This suggests that even when the speaker can- 1000 1000
not see the interlocutor, the spectral properties of the speech S
signal remain relatively consistent. A difference was still 800 800
observed for vowel space within the interactive conditions 400 600 800 400 600 800
across the prosodic conditions, and these differences appear F1 (meis) F1 (meis)
to be maintained, but not exaggerated, when speakers are 1800 1800
engaging in tasks through auditory communication alone. ‘““\ ﬁ(
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Figure 6. Vowel triangles in the AO interactive condition e i/
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conditions for Speaker 1. The vowel triangle area was #00 6:‘1’( IS‘)“’ 1000 400 62:] (mei [)m 1000
mels;

greater in the narrow focus and echoic question conditions
compared to broad focused one.

IV. GENERAL DISCUSSION

The purpose of the current study was to investigate whether a
change in the visual conditions associated with communica-
tion would lead to a modification in speech production, by
examining whether the production of auditory prosody would
be affected by the speaker being able to see the interlocutor
or not. In general, both acoustic and fine-grained spectral
properties of the corner vowels patterned in similar ways
across both interactive conditions as a function of prosodic
context. In terms of vowel space across speakers, a general

Figure 7. Vowel triangle displacement from the F1-F2
midpoint (left) and within-category dispersion from vowel
category midpoints (right) in the AO interactive condition

in (A) broad focused, (B) narrow focused and (C) echoic
question conditions for Speaker 1.

expansion of the vowel triangle was observed across the pro-
sodic conditions (i.e., vowels produced in narrow focus and
echoic question contexts were more widely dispersed and
covered a wider F1-F2 space relative to the same vowels
within broad focused contexts). Similarly, vowel durations
were elongated in narrow focus and echoic question contexts
relative to broad focused renditions in both interactive condi-
tions. However, the comparison of these properties across the
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interaction conditions indicated no major differences between
face to face and audio only interactions in the production of
acoustic prosody.

Although no differences were found at the phonemic level,
prosody impacts on an utterance at a more global utterance
level. That is, there may be differences in terms of more
global constituent and utterance features, such as pre-focal
durational shortening, overall pitch contours and intensity
profiles. Further acoustic analyses at a more global level
(e.g., critical word, utterance) are required to obtain a better
understanding of the role of visual feedback (if any) in the
production of acoustic prosody. While no differences were
found between the interactive conditions, considerable inter-
speaker variation was observed across both acoustic and
spectral properties. In this regard, the collection of more
speaker data would be beneficial in determining just how
much variation there is in the acoustic realisation of prosody
and whether there are particular condition factors.

It is worth pointing out that in the AO interaction condition,
participants wore headphones to interact with the interlocu-
tor, which may have compromised the naturalness of speech
production. That is, when wearing headphones, participants
own acoustic feedback may have been reduced, requiring
them to speak louder to perceive their own voice. Incorporat-
ing the use of headphones into the FTF interactive condition,
and adding a self-feedback loop into the acoustic channel
(e.g., speaker can hear themselves through the headphones in
addition to the interlocutor) may provide better experimental
control and result in more interesting findings.
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