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Preface

This volume contains the contributions to Fonetik 2013, the XXVI"™ Swedish Phonetics
Conference, held at LinkOping University, Sweden, 12-13 June 2013, and was organized as a
collaboration between the Department of Culture and Communication, Linkdping University,
and the Department of Clinical and Experimental Medicine, Division of Speech and Language
Pathology, Linkdping University.

The papers appear in alphabetical order, sorted by first author’s last name. An author index
is found on page 89.

Only a limited number of copies of this publication have been printed for distribution among
the authors and those attending the conference. For access to electronic versions of the
contributions and the entire proceedings, the conference homepage is found at:

http://www.liu.se/ikk/fonetik2013

The conference proceedings are also available at:
http://roberteklund.info/conferences/fonetik2013

The organizers would like to thank all contributors to the proceedings. We would also like
to extend our thanks to Fonetikstiftelsen for generous financial support. Finally, we would
thank the following people, whose help is very appreciated: Gunilla Christiansen,
Carin Franzeén, Nigel Musk, Anna F. Soderstrom and Linnea Bjork Timm.

Linkdping, May 2013

Robert Eklund, Agnese Grisle, Jan Anward, Charlotta Plejert, Christina Samuelsson and
Simon Sundstrém
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Alexanderson, House & Beskow

Extracting and analysing co-speech head gestures

from motion-capture data

Simon Alexanderson, David House & Jonas Beskow
Department of Speech, Music and Hearing, KTH, Stockholm, Sweden

Abstract

This paper reports on a method developed for
extracting and analyzing head gestures taken
from motion capture data of spontaneous
dialogue in Swedish. The head gestures were
extracted automatically and then manually
classified using a 3D player which displays
time-synced audio and 3D point data of the
motion capture markers together with animated
characters. Prosodic features were extracted
from syllables co-occurring with a subset of the
classified gestures. The head gestures show
considerable variation in temporal
synchronization with the syllables, while the
syllables generally show greater intensity,
higher FO, and greater FO range when
compared to the mean across the entire
dialogue.

Introduction

Along with intonation there are a wealth of
visual gestures, including head, facial and body
movements, which co-occur with speech
adding emphasis and prominence to portions of
the utterance and contributing to the flow of the
dialogue. Beat gestures such as rapid hand
movement as described by McNeill (2005) are
particularly interesting in this regard as they
coincide and appear to be synchronized with
prosodic and intonational peaks related to
prominence. They also share the same
prominence-lending function as the focal or
sentence accent, but they can be repetitive
marking the stress or rhythmical structure of an
utterance.

In terms of timing and synchronization, there
are many similarities between intonational
gestures and visual gestures produced in
accompaniment with speech. Both intonation
and visual gestures are free to vary across the
vowels and consonants of the segments. In
intonation, however, this variation is restricted
by the specific patterns used by a language to
signal meaning in spoken interaction.

If we wish to study the timing of gestures in
the same way as we approach timing in
intonation, we currently lack an established

methodology to extract and analyze gestures,
especially gestures occurring in spontaneous
dialogue. The Spontal corpus of Swedish
dialogue provides a rich database as a point of
departure for testing gesture extraction and
analysis methodology. The database, containing
more than 60 hours of unrestricted conversation
in over 120 dialogues between pairs of speakers
is comprised of high-quality audio and video
recordings (high definition) and motion capture
for body and head movements for all
recordings (Edlund et al., 2010).

The progression and timing of the motion of
a head nod can be described in much the same
terms as an intonational excursion. However,
many speakers move their heads extensively
while speaking, and manual annotation of head-
gestures in spontaneous dialogue involves a
number of difficulties. Among the sources of
disagreement are segment boundaries and
location of maximum extent. Gestures may be
multifunctional and involve simultaneous
rotations around several axes. In this study we
present a semi-automatic approach to head-
gesture annotation, in which the main goal is to
test its viability and potential for annotation of
gesture data on a large scale, such as is
represented by the Spontal database.

Method

To overcome some of the difficulties of head-
gesture annotation we are developing and
testing a semi-automatic annotation procedure
consisting of two steps. First an automatic
head-gesture segmentation algorithm is applied
to the motion capture data and then the
segments are manually classified by the
annotators.

In addition to gesture annotation we also
processed the audio files of the speakers and
generated pitch and intensity data, talk vs. no-
talk segmentation and syllable segmentation.
This was done to be able to investigate the
relationship between the head-gestures and
prosodic features.

In this exploratory stage we chose one of the
dialogues from the Spontal database where the

1
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speakers demonstrated a relatively large
number and variety of head-movements. The
participants were a male and female who did
not know each other.

Automatic segmentation of head nods

A simplistic segmentation approach was used
for head-nod segmentation. The head
orientations were calculated from three markers
attached to the headbands of the speakers and
expressed in an Euler angle form. We then
calculated the angular velocity of the pitch
component as the basis for the segmentation.
During a head nod the angular velocity follows
an oscillatory movement during a limited time
period, and we use its local extreme values as
segment boundaries. A segment is defined as a
maximum velocity followed by a minimum or
vice versa. Two thresholds are used in this
process. The first enforces the peak velocity to
be over a specified value, thus prohibiting small
movements caused by noise to be interpreted as
nods, and the second enforces the nod segments
to be shorter than a specified duration. Using
the velocity peaks as segment boundaries has
some desirable features. During head-nods
there are rapid changes in angular velocity
causing clear detectable spikes in the data. It
also naturally splits repeated head-nods into a
consecutive sequence of down-up (nod) and up-
down (jerk) segments, which fits well with the
MUMIN  multimodal annotation scheme
proposed by Allwood et al. (2007).

For our data, the minimum peak velocity
threshold was empirically set to a value of
0.0015 radians/s, which was the lowest value
before noise in the data would be manifested as
segments. The maximum segment duration
threshold was set to 1000 ms.

In the current study we were interested in
gestures synchronized with speech and
especially gestures with beat-function produced
in companion with stressed syllables. In order
to narrow our search space we discarded all
segments occurring while the subject was not
speaking and further all nods in the up-down
order, leaving all down-up nods occurring
during speech as our candidate gestures. The
segmentation of talk vs. no-talk was performed
with an automatic speech activity detection
algorithm (Heldner et al., 2011).

Manual classification

After running the automatic processing, the
resulting segments were examined and

2

manually classified by two annotators. To make
the classification, the annotators viewed each
segment in a specially designed 3D player
which plays time-synchronized audio and
displays 3D point data of the motion capture
markers together with animated characters
following the 3D marker motion. As expected,
the segments from the automatic process did
not only contain unambiguous beat gestures,
but also gestures with other functions co-
occurring with speech (McClave, 2000). Such
other functions were feedback, confirmation,
word or phrase intensification and listing of
lexical items. Moreover, some of the extracted
gestures did not appear to co-occur with a
stressed syllable.

Therefore, an annotation scheme was devised
with two main queries: Q1, “Is there a clear nod
in synchrony with a stressed syllable?” and Q2,
“Is the nod multifunctional?” If the answer to
the first query is positive the second query is
also answered. This scheme resulted in three
categories: 1. No clear nod in synchrony (no
sync), 2. A clear nod with a beat function (beat-
function), and 3. A clear nod which is
multifunctional (multi-function).

Prosodic features

The pitch and intensity curves were extracted
from the audio signals of the speakers using the
SNACK toolkit (Sjolander & Beskow, 2000).
Also syllable boundaries and nuclei were
derived by applying Mermelstien’s convex-hull
algorithm (Mermelstien, 1975).

After gesture- and prosodic feature extraction
was performed, we determined which syllable
was closest in time to the maximum rotation of
the nod. The time difference between each
gesture and the start and nucleus of its closest
syllable was then calculated. Also pitch and
intensity properties of the closest syllable were
compared with mean values across the total
dialogue.

Results

The automatic segmentation algorithm was
applied on the 20 minute dialog, extracting 64
nod-segments for speaker 1 (male) and 150
segments from speaker 2 (female). The manual
classification by the two annotators resulted in
a 69% and 65% agreement for the head-nods of
speaker 1 and speaker 2 respectively. As is
displayed in Table 1 the annotators showed
greatest agreement for the category with no



syllable-synchronization. Less agreement was
obtained from the categories beat-function and
multi-function. Annotator 1 perceived more of
the nods having beat-function while annotator 2
perceived more having multi-function.

Table 1: Results of the manual annotation showing
class and agreement. The first number in each pair
is the male speaker, the second is the female.

Class Annotator Annotator Agreement
1 2

No sync 23/44 15/41 13/29

Beat-function 9/74 11/66 4/50

Multi- 32/32 38/43 27/18

function

Total 64/150 64/150 44/97

Figure 1 shows the durations of the segments in
the different categories for speaker 1 and
speaker 2 for those gestures for which the
annotators agreed.

Note that the segment length is the part of the
nod between the peak velocities of the
downwards and upwards phase as described
earlier. The results show a tendency for the
multi-functional nods to be shorter than those
with a beat function. The nods classified as
non-synchronous showed greater temporal
variation than the other categories.

The subset of gestures annotated as having a
beat function for the female speaker was
analyzed in terms of timing related to its closest
syllable. Only the gestures from the female
speaker were analyzed due to the small number
of beat gestures annotated for the male speaker.
Figure 2 shows the time difference between
two different anchor-points of the syllable
(onset and nucleus) and three different phases
of the nod: peak velocity of the downward
phase (pl), max rotation (p2) and peak velocity
of the upward phase (p3). The timing
relationship between the gesture and the
syllable does not seem to be influenced by the
choice of syllable anchor-point. The timing
relationships show a considerable amount of
variation regarding the question of gesture
synchronization with the syllable.

When compared with mean values across the
total dialogue, the syllables closest to the
annotated beat nods generally showed greater
integrated intensity, higher FO at the nucleus,
and greater FO range as shown in Table 2.
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Table 2. Comparison of syllable features

integrated FO at FO range

intensity  nucleus (Hz)
(dBs) (H2)
Mean closest  13.2 217 77
syllable
Mean across  11.1 180 67
the total
dialogue
Discussion

The goal of this study was primarily to develop
and test a new method for extracting and
annotating gesture data. While head gestures,
and in particular relatively small gestures, have
been problematic for manual annotation
schemes, the semi-automatic method tested
here shows promise for the selection and fast
annotation of multimodal data.

This process is a starting point for further
work in the field of automatic recognition and
classification of multimodal communication.
Given the fact that non-verbal and verbal
communication are tightly coupled, the motion
data may provide important and robust features
for machine-learning techniques. In this study
we started an investigation along this path by
analyzing features for prominence detection
and their coupling to beat gestures. This
method may also prove useful in analyzing
features related to other communicative
functions such as feedback and turn-taking.

While the results concerning the analysis of
the characteristics of the head nods and their
timing must be seen as quite preliminary due to
the small sample and very limited classification
categories, the timing results are consistent
with those results reported in Leonard and
Cummins (2011) for hand and arm beat
gestures. More available data and the
development of automatic methods and tools
should better enable us to compare and evaluate
results such as these.
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Botinis, Chaida & Georgouli

Alternative questions and sentence intonation in Greek

Antonis Botinis, Anthi Chaida & Marianna Georgouli
Laboratory of Phonetics and Computational Linguistics, University of Athens, Greece

Abstract

This is an experimental study of intonation as a
function of alternative questions in Greek. The
results of a production experiment indicate
that: (1) compound sentences with alternative
question functions are produced with tonal
prominence on the disjunctive element, (2) the
clause on the left has fairly regular tonal
inflections associated with stressed syllables
whereas (3) the clause on the right does not
exhibit much tonal variability. Thus compound
alternative questions have a distinct tonal
structure with no apparent similarities with any
other type of questions in Greek.

Introduction

This study is an investigation of sentence
prosody and alternative questions in Greek.
Alternative questions, much like polar (yes/no)
ones, lack any morphological and/or syntactic
markers in Greek. Earlier research has indicated
that the characteristic tonal structure of simple
polar questions is a tonal prominence in the
vicinity of the right sentence edge whereas
complex sentences with main and subordinate
syntactic structures are associated with distinct
tonal structures (Chaida, 2007, 2010).

The main question addressed in this study is
whether alternative questions have similar tonal
structures to other types of questions or
whether they have distinct tonal structures. In
relation to the main question, further questions
are addressed with reference to the main tonal
characteristics of alternative questions as well
as local and global tonal structures in Greek.

In addition to alternative questions, the tonal
structures of simple and compound sentences
with statement and question functions have
been investigated. In this context, comparisons
between sentence functions and sentence
complexity related to alternative questions will
be outlined. Very little is known about the
intonation of alternative questions reported in
the international literature, including functional
constituency and related tonal structures.

Experimental methodology

Four sets of sentence pairs were constructed.
Each pair consisted of one statement and one
question. The first 2 sets were simple sentences
whereas the last 2 ones were compound
sentences with coordinative or alternative
functions (Table 1).

Ten female speakers in their twenties, with
standard Athenian pronunciation, produced the
speech material at the phonetics studio of the
Laboratory of Phonetics and Computational
Linguistics at Athens University. The speech
material was written in standard Greek
orthography and was read from separate cards,
each card containing only one sentence. The
speakers’ productions were recorded directly
onto a computer disc and analysed with the
Praat  software package. Tonal (FO)
measurements were made at the beginning and
at the middle of each syllable of the total
speech material.

Table 1. Speech material: simple statements and
questions (1-2) as well as compound coordinative
and alternative statements and questions (3-4).

1a.[Ta»bume da»maTima] (We go in for lesson.)

1b.[Ta »bume Ada»maTima]? (We go in for lesson?)

2a.[Ta »wyume Aa»dhalima] (We go out for break.)

2b.[Ta wyume da»dhalima]? (We go out for break?)

3a.[Ta »bume Ada»maTima ce Ta »vyume Aa»dlalima]
(We go in for lesson and we go out for break.)

3b [Tarbume Aa»maTima ce Tawyume Aa»dlalima]?
(We go in for lesson and we go out for break?)

4a |[Ta»bume da»maTima i Ta»wyume la »0lalima]
(We go in for lesson or we go out for break.)

4b [Ta»bume da»maTima i Tawyume la»dbalima]?

(We go in for lesson or we go out for break?)

Results

The results are presented in Figures 1-5.
Figures 1-4 show raw tonal curves of one
female speaker and Figure 5 average values of
10 female speakers.
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450 Hz 450 Hz
QLN \f\\,
50 Hz
50 Hz
la. [ Ta»bume da »maTima ] 2a. [Ta »vyume ba»dbalimal
450 Hz 450 Hz
A ~ \J/J\\/\
50 Hz 50 Hz
1b. [ Tarbume da »maTima ]? 2b. [ Ta»wyume ba»dbalimal?
Figures 1-2. Intonation exemplification of simple statements over (1a—2a) vs. questions under (1b-2b).
450 Hz
50 Hz
3a. [ Ta»bume ta »maTima ce Tar»vyume Aardbalima ]
450 Hz
W\
50 Hz
3b. [ Ta »bume 2a ymaTima ce Ta »vyume Aa»dbalima ]?

Figure 3. Intonation exemplification of coordinated statements over (3a) vs. questions under (3b).
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4a. [ Ta »bume da maTima i Ta»vyume bandbalima ]
450 Hz

"‘\J\-..’-\
50 Hz
4b. [Ta»bume baovmaTimaiTa»vyume banrd balimal?

Figure 4. Intonation exemplification of alternative statements over (4a) vs. questions under (4b).
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[Ta »bume 2a »rmaTima i Ta» »vyume ba »dbdalima]

Figure 5. Coordinated statements vs. questions over and alternative statements vs. questions under.
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Not accounting for local tonal perturbations,
i.e. microprosodic effects, simple statements
have a one tonal peak structure whereas simple
polar questions have a two tonal peak structure
(Figures 1-2). The initial rise of the first tonal
peak in both statements and polar questions is
associated with the respective stressed syllables
whereas the second tonal peak in polar
questions is taking place within the last two
unstressed syllables of the test sentences.

In the following Figure (3), the first clauses
of the compound sentences are associated with
two tonal peaks. However, in 3a (statement) a
late-rise is associated with the second tonal
peak whereas, in 3b (polar question) the
respective tonal rise is an early one. On the
other hand, the second tonal peak is associated
with a late-fall into the next clause vs. an early
fall within the first clause, for statements and
polar questions, respectively. In the second
clauses, each clause has a fairly similar tonal
structure to the respective simple statement and
polar question one.

Figure 4 shows tonal structures of compound
sentences. In alternative statements (4a), a
specific tonal event is associated with the
alternative disjunctive element [i], which has a
rise-fall tonal pattern and thus a tonal peak. In
addition, a prosodic phrasing between the two
clauses is evident. Apart from the latter
differences, alternative statements (4a) and
coordinative sentences (3a) have fairly similar
tonal structures, especially with reference to the
clauses on the right.

In alternative questions (4b), the respective
tonal structures show major differences in
comparison to both simple and compound
sentences under examination. First, a “tonal
hat” is formed, including the last stress group
of the clause on the left as well as the
disjunctive element [i]. The tonal rise is
correlated with a stressed syllable on the left
clause whereas the tonal fall is concluded by
the beginning of the stress group on the right
clause. Furthermore, hardly any tonal inflection
after the tonal hat is evident.

The quantitative results of this study are
shown in Figure 5. As outlined above, polar
questions are characterised with a tonal rise-fall
at the right edge of the compound sentences
(over) whereas alternative questions are
missing the respective tonal structure (under).
Instead, a tonal hat pattern associated with the
disjunctive element is formed, followed by a
tonal flattening to the end of the sentence.

8

Discussion

The results of the present study indicate that the
intonation of compound alternative questions in
Greek is very dissimilar to other types of
question intonation we have been studying (e.g.
Chaida, 2007). Its peculiarity is mainly related
to the disjunctive element, which is correlated
with a prominent tonal structure (i.e. nucleus)
followed by a steep fall and a tonal flattening to
the end of the speech material. Thus, alternative
questions have a fairly similar tonal structure at
global level to focus productions (Botinis, 1989;
Themistocleous, 2011; Nikolaenkova, 2013).
Greek is a “stress language” and local tonal
inflections have no lexical function in the way
*accent” or “tone” languages, such as Swedish
or Chinese, may have (Bruce, 1977; Botinis,
Granstrom & Mdbius, 2001; Xu, 2011).
However, (pitch) accents are as a rule
associated with stressed syllables and prosodic
boundaries with other tonal patterns. A basic
question is the derivation of surface tonal
representations. In accordance with the results
of this study, alternative questions and different
sentence modalities trigger specific tonal
structures and tonal combinations with
functional distinctions over sentence domains.
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Abstract

This is an experimental study of prosodic focus
and syntactic word order interactions with
reference to agent/recipient semantic relations
in Greek. In accordance with one perception
experiment, the results in morphology neutral
context indicate: (1) listeners do not perceive
agent and recipient semantic distinctions and
(2) prosody and focus applications do not thus
have any perception effect whereas (3) word
order has a major interference effect.

Introduction

The present study investigates the perception of
semantic relations with reference to agent and
recipient specifications. In Greek, the syntactic
elements S(ubject), V(erb) and O(bject) may in
principle appear in any word order position.
However, these syntactic elements may be
dislocated at the left edge of a sentence, as a
syntactic effect of focus application (Botinis et
al., 2005; Nikolaenkova, 2013, 2011).

In addition to focus and word order,
morphology and in particular casus declensions
may have a syntactic function and related
semantic distinctions in Greek. In the sentence,
e.g. [to a'yori ma'loni ti Zi'neka] “the boy is
scolding the woman”, the subject on the left edge
is a masculine nominative and the object on the
right edge is a feminine accusative. A focus
application on the subject has usually only
prosodic correlates (to a’yori ma'loni ti 4'neka)
whereas a focus application on the object may
have either prosodic correlates (to a'yori ma'loni
ti 4 i'meka) or both prosodic and syntactic
correlates (ti 4i'neka ma'loni to a'yori). If the
object of the latter sentence were the subject, the
corresponding casus would be in nominative, i.e.
(i 4i'neka ma'loni to a'yori). Thus, in Greek,
casus declension is a major syntactic correlate
whereas word order position shows a large
variability and may be correlated with focus
applications.

Either subject and object or both may be
neutral with reference to casus. Thus, the
sentence [to a'yori ma'loni to ko'ritsi] “the boy
is scolding the girl”, appears with casus
neutralization as the nominative and accusative
of neutral nouns have no morphological

distinction. The object [to ko'ritsi] may move
on the left edge when in focus, i.e. [to ko'ritsi
ma'loni to a'yori], whereas [to ko'ritsi] may
also be a subject in focus, i.e. [t0O ko'ritsi
ma'loni to a'yori]. In the former case the object
[to ko'ritsi] has recipient function whereas in
the latter case the subject [to ko'ritsi] has an
agent function. In accordance with these
examples, a major issue is raised with reference
to agent vs. recipient relations and respective
distinctions in speech perception.

Experimental methodology

A set of 6 test sentences was designed, with all
possible syntactic variability (SVO, SOV,
oSV, 0VS, VSO, VOS) crossed with 3
prosodic focus productions (focus on subject,
focus on object, and neutral). The reference test
sentence was [to a'yori ma'loni to ko'ritsi] (the
boy is scolding the girl) with the above word
order and focus application variability. The
speech material was recorded at the Laboratory of
Phonetics and Computational Linguistics of
Athens University by 2 female speakers in their
thirties, with standard Athenian pronunciation.

A set of 72 stimuli (6 syntactic structures x 3
focus productions x 2 nouns x 2 speakers) was
organized in a random order and 10 native
listeners participated in a close perception test.
For each stimulus, listeners were asked to
identify the agent. The stimuli were presented
on a Matlab program (Mathworks, 2011) over
Direct Sound headphones, and were played
once the “Play Next” button was pressed.
A prompt appeared on screen containing the
two possible response buttons, which contained
the words “to kopitol” (the girl) and “10
ayépt” (the boy), written in standard Greek
orthography. Participants could press only one
of them. A “Replay” button was also included
in the prompt, which permitted three (3)
repetitions maximum.

Results

Figures 1-16 show raw tonal curves of selected
productions. The results of the perception
experiment are presented in Table 1 and
Figure 17. Statistical analysis was carried out
using the SPSS 19.0 (SPSS Inc., 2009) software
package.
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Figures 1-16. Raw tonal curves of selected productions with different syntactic and focal

conditions produced by a female speaker

As shown in Figures 1-4, the neutral
productions have a regular tonal structure,
according to which stressed syllables of lexical
words are as a rule associated with local tonal
commands which are aligned with respective
stress group boundaries. The final stress groups
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have however a suppressed tonal structure, as a
result of utterance finality. Focus productions
(Figures 5-16), on the other hand, are
associated with extended tonal variability: (a)
speech material in focus has a local tonal range
expansion, (b) speech material out of focus




undergoes deaccentuation and (c) speech
material out of focus undergoes major tonal
compression. These three ways may operate
simultaneously or in combinations in variable
linguistic domains. As noted in many previous
production studies (e.g. Botinis et al., 2000;
Botinis et al., 2005; Chaida, 2010;
Nikolaenkova, 2010, 2013), focus productions
seem to have constant tonal correlates which
operate independently from syntactic, although
both tonal and syntactic structures may function
complementary with reciprocal reinforcement
for focus structures and focus distinctions.
Thus, regardless semantic interpretations, the
basic tonal characteristics of focus are the same
with respect to focus position, i.e. there are
great similarities between the following groups
of utterances: (i) SVO-Focus S, OVS-Focus O,
SOV-Focus S, OSV-Focus O (Figures 5-8), with
focus on the 1st word; (ii) SVO-Focus O,
OVS-Focus S, VSO-Focus O, VOS-Focus S
(Figures 9-12), with focus on the 3rd word; (iii)
SOV-Focus O, OSV-Focus S, VSO-Focus S,
VOS-Focus O (Figures 13-16) with focus on the
second word.

With regards to perception, generalized
Estimating Equations (GEE) analysis was used,
in order to conduct the equivalent of a repeated
measures ANOVA. The logistic linking
function was used and each of the two
repetitions (one per speaker) was treated as a
repeated measurement. Focus syntax, and
speaker  were  within-subjects  factors;
participant and stimulus were a between-
subjects factor.

Table 1. Results for the identification of the agent in
each utterance, with respect to syntactic structure
and prosodic focus.

Syntax - Focus | Identification (n) |ldentification (%6)| SD
SVO - FOCUS S 35/40 88% .335
SVO - FOCUS O 40/40 100% .000
SOV - FOCUS S 34/40 85% .362
SOV - FOCUS O 40/40 100% .000
OSV -FOCUS S 4/40 10% .304
OSV - FOCUS O 17/40 43% 501
OVS-FOCUS S 0/40 0% .000
OVS - FOCUS O 5/40 13% 335
VSO - FOCUS S 22/40 55% 504
VSO - FOCUS O 32/40 80% 405
VOS - FOCUS S 12/40 30% 464
VOS - FOCUS O 19/40 48% .506
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Figure 17. Mean results for the intended
identification of the agent in each utterance, with
respect to syntactic structure and prosodic focus
(placed either on the object or on the subject).

In general, syntax (Wald x* (5) = 10673,843,
p <.0001) had a highly significant main effect,
with SVO and SOV structures prevailing in
identification (94% for SVO, 93% for SOV,
68% for VSO, 39% for VOS, 26% for OSV,

6% for OVS).
Focus (Wald ¥* (1) = 5076,080) had a highly
significant main effect, with a higher

identification of utterances with focus on the
object (64% for Focus O, 45% for Focus S).

Furthermore, a highly significant main effect
of the interaction between syntax and focus was
noted (Wald x? (5) = 4299,466, p < .0001).

The highest identification results regarding
the agent correspond to all syntactic structures,
where the agent is placed in the beginning of
the sentence, regardless focus placement, i.e.
100% for SVO-Focus O, 100% for SOV-Focus
O, 88% for SVO-Focus S, and 85% for SOV-
Focus S. The results for SVO-Focus O and SOV-
Focus O were highly significant regarding the
interaction between syntax (word order) and
focus (Wald x* (1) = 1384,470, p < .0001, and
Wald ¥? (1) = 1445,804, p < .0001, respectively).
On the other hand, there were very low
identification rates for OVS-Focus O (13%),
OSV-Focus S (10%), and OVS-Focus S (0%).

Neutral productions were 100% identified and
are thus excluded from the Table and
Figure above.
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Discussion

The results of the present study indicate that
syntactic  structure, and word order in
particular, has a major interference effect on the
perception of agent vs. recipient semantic
relations and respective specifications.

It is evident that the identification of the
agent is highly correlated with the first word of
an utterance, which is in accordance with the
very high identification rates of respective
productions, i.e. 100% for SVO-Focus O, 100%
for SOV-Focus O, 88% for SVO-Focus S, and
85% for SOV-Focus S. The placement of the
subject and thus the specification of the agent
in the beginning of a sentence is the most
neutral syntactic structure in Greek. On the
other hand, an SVO canonical syntactic structure
is the norm taught in schools and grammar
textbooks as a rule, which constitutes a significant
educational and social interference.

The dominance of the SVO syntactic
structure in neutral contexts in Greek has been
proposed, in accordance with a series of results
in earlier experimental studies (Nikolaenkova,
2013). In a written experiment, students of
linguistics at Athens University were asked to
set up simple sentences consisting of a wide set
of different words with variable morphology,
scattered in a random order in a piece of paper.
The results of this written experiment suggested
an overwhelming SVO syntactic structure. In
an oral experiment, another group of students
were presented with animated pictures on a
computer screen in an agent vs. recipient
context and were asked to read aloud what they
were seeing with a simple sentence. Much like
the results of the written experiment, the results
of the oral experiment also suggested an
overwhelming SVO syntactic structure.

In contrast to high identification rates with
reference to S-leading syntactic structures and
respective agent correlations, other word order
structures resulted in low identification rates,
such as OVS-Focus O (13%), OSV-Focus S
(10%), and OVS-Focus S (0%). These results
indicate that there is a strong perception bias of
word order and agent semantic correlations.
The results also suggest that when other
linguistic factors, in the first place morphology
and prosody, are neutralized, the interpretation
of spoken utterances is mainly based on word
order syntactic structures.

Focus productions have a variety of language
structure  correlates, including  prosodic,
morphological and syntactic ones. This is in
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accordance with the high functional load and
semantic distinctions which focus distinctions
are associated with. On the other hand, focus
applications have very high identification rates
in a variety of different linguistic contexts,
including interactions with different sentence
types (Chaida, 2010; Nikolaenkova, 2013).

A dislocation of the Object and thus the
recipient at sentence beginning as a result of
focus application has different perception
effects in different contexts. If the Object is
casus marked, high identification rates are
achieved (Nikolaenkova, 2013). If, however,
the Object is morphologically neutral, i.e.
neutral nouns in Greek, the dislocation of the
Object results to semantic ambiguity, according
to which the neutral S-leading syntactic
structure prevails. Thus, there is no perception
distinction between Object in focus vs. Subject
in focus at sentence beginning.

The results of this study indicate that prosodic
focus, syntax and morphology have a variety of
interactions with reference to semantic relations
and the interpretation of spoken utterances in
Greek. In particular, morphological variability
may be a decisive factor with distinctive
functions in syntactic structures and semantic
relations across different linguistic contexts.
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Abstract

Manual annotators are often used to label
speech. The task is associated with high costs
and with great time consumption. We suggest to
reach an increased throughput while
maintaining a high measure of experimental
control by borrowing from the Audience
Response Systems wused in the film and
television industries, and demonstrate a cost-
efficient setup for rapid, plenary annotation of
phenomena occurring in recorded speech
together with some results from studies we have
undertaken to quantify the temporal precision
and reliability of such annotations.

Introduction

We present a cost-efficient and robust setup for
plenary perception experiments based on
existing consumer market technologies. In an
experiment in which 26 subjects divided in 4
groups react to sets of auditory stimuli by
pressing buttons, we show that humans
annotating as a group, in real time, can achieve
high precision for salient acoustic events,
making this a feasible alternative to expert
annotations for many tasks. The experimental
results validate the technique and quantify the
expected precision and reliability of such
plenary annotations on different tasks.

Over the past decades, corpus studies of
speech and spoken interaction have been
increasingly common, for purposes ranging
from basic research to analyses undertaken as a
starting point in efforts to build humanlike
spoken dialogue systems (Edlund et al., 2008).
This has led to a dramatic increase in numbers
of data collections of human interactions and in
the sheer amounts of data that is captured per
hour of interaction in the resulting corpora, as
exemplified by massively multimodal corpora
such as the AMI Meeting Corpus comprised of
a large number of video and audio channels as
well as projector output (McCowan et al.,
2005) or our own D64 and Spontal corpora
(Edlund et al., 2010; Oertel et al., 2010)
combining multiple video and audio channels
with motion capture data.

While these corpora are useful, the task of
annotating them is daunting. It is becoming
near impossible to produce annotations in the
traditional manner, with one or more highly
skilled, highly trained experts spending several
times real time or more for each annotation
type — even a simple task such as correcting
utterance segmentations that are already largely
correct requires 1-3 time real time (Goldman,
2011). For many types of annotation, we may
also raise a question related to ecological
validity: why should it be so hard to label what
people perceive effortlessly in each everyday
conversation?

This rapidly growing demand for annotation
has led to an increasing interest and use of
crowdsourcing services such as Amazon
Mechanical Turk. But although Mechanical
Turk annotations are reported to be cheap, fast
and good enough (Novotney & Callison-Burch,
2010), crowdsourcing means that we relinquish

control over the situation in which the
annotation is made.
To achieve increased throughput while

maintaining a high measure of experimental
control, we merge the ideas behind the Rapid
Prosody Annotation pioneered by Jenifer Cole
(see Mo, 2010) with a technical solution
borrowed from the Audience Response
Systems used in the film and television
industries with the goal of having laymen
annotators annotate some events in real time.
Apart from being fast and cost effective, it
places annotators in a situation similar how
they perceive speech on an everyday basis.

We have previously investigated the use web
based ARS-based methods for perception
experiments (Edlund et al., 2012) and
evaluation of children’s speech (Strdmbergsson
& Tannander, submitted). The present system
has been used for speech synthesis evaluation
(Tannander et al., submitted), and is currently
being tested for annotation of the type of
speech events that are sometimes describes as
disfluencies in the literature (Edlund et al.,
submitted).
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ARS systems are used for screenings of new
films and television series. They are typically
expensive, and their software proprietary. In
order to make an ARS-based system that is
affordable for academic research, we built our
system (see Figure 1) of Xbox 360 Controllers
for Windows. These devices use low-latency
wireless communication over a receiver which
supports four controllers, but we have been able
to robustly use more than one receiver per
computer, allowing us to use more frame
synchronized controllers simultaneously.

Figure 1. The system: Xbox 360 Controllers and
Receivers in a custom made portable case.

To capture the controller states, we developed a
Java library based on the Directlnput Microsoft
APIl. The software automatically captures all
controllers connected to the system by querying
them for the state of their buttons, triggers and
pads at a specified frame rate. The capture
software can read the state of all input
components on the controller (analogue and
digital).
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Figure 2. The waveforms of the six stimuli sets S1 —
S6 (S6 is not included in the study).

Method

The purpose of this study to provide baseline
statistics that show what can be expected of
such a system. In order to achieve this goal, we
ran a series of tests with stimuli that are
significantly  clearer than most speech
phenomena, allowing us to measure with
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accuracy the temporal precision of the system
(for such stimuli).

We used 4 groups of subjects, with 8, 8, 7
and 3 participants, respectively, for a total of 26
subjects. The subjects within a group took the
test simultaneously, in full view of each other.
All subjects were computer science students
participating as part of a class. 10 of the
subjects were female, 16 male.

Stimuli series S1 through S5 (Figure 2) all
consist of 1 second long beeps at 170 Hz, but
their temporal patterns vary, as do the task of
the annotators. The first series S1 consists of 20
beeps spaced evenly, so that their onset occur
regularly every 3.6 seconds. S2 also contains
20 evenly spaced beeps, but at a larger interval:
11.9 seconds. S3 contains 40 beeps, spaced
evenly as in S1. S4 contains 60 beeps,
presented in groups of three within which the
beeps are spaced evenly at 3.5 seconds, as in
S1. Between groups, there is an 8 second
spacing corresponding to the duration an extra
beep would have taken up: 3.5 seconds for the
first spacing, 1 second for the beep, and 3.5
seconds for the second spacing. S5 holds 20
beeps spaced irregularly, at random intervals of
up to 10 seconds.

The subjects were presented with the stimuli
sets one after the other. For each set, they were
told what to expect (i.e. if the clicks would be
regular or irregular, and roughly at what
intervals). They were also instructed as to what
they should react to (click on). For S1, S2, and
S5, they we simply asked to click as close to
beep onset as possible. For S3, they were told
to click as close to every other beep onset as
possible, starting with a click of their own
choice (the first or the second). For S4, they
were asked to click where the left out fourth
beep in every series of three should have been.
In other words, they were asked to click at
something that was lacking in the stimuli,
rather than present.

Results

There were no signs of equipment failure or
code malfunction. In group 2, there were 615
instances of double clicks within less than 10
ms. The latter of each of these was removed.
Once this was done, between-group differences
were negligible.

Overall, the subjects performed well and did
what they were asked to do: subjects produced
on average 1 click per occasion.



All clicks could easily and automatically be
related to the stimuli by virtue of appearing
shortly after stimuli onset, and long before the
next stimuli onset.

For all stimuli series except S4, there is a
very clear effect of the onset of the stimuli
series. The average response time to the first
stimuli in a series is 2—4 times larger than that
of any of the remaining 19. We therefore treat
the first stimuli in each series as an outlier and
remove it from further analysis.

Table 1. Average response times (ms) for all
subjects over stimuli types, with standard deviation,
counts, and significance at 4 % level versus the rest
of all stimuli types.

Mean Stddev. N
S1 525 162 498
S2 615 260 501
S3 528 226 518
S4 696 1276 518
S5 592 130 495

Table 1 shows the mean response times to
stimuli types. The differences are significant
(one-way ANOVA, p < 0.0001).

For purposes of wusing our system for
annotation of speech and interaction
phenomena, we need an analysis of response
time distribution that allows us to predict
where, in a continuous data stream, the
unknown event that caused a group of subjects
to click is most likely to be found. Instead of
histograms, we perform this analyses using
Kernel Density Estimation (KDE) estimations,
which produces an analysis that is similar to a
histogram, but produces a continuous, smooth
curve.

The stimuli sets S1 and S3 (both with a
predictable 3.5 second interval, with the task of
clicking only every second beep for S3) show
similar distributions. S2 (a predictable 11.7
second interval) has a wider distribution, S4 has
a very different distribution spanning well
over 2 seconds. S5 shows the most narrow
distribution of all.

In the remainder of this analysis, we use
reaction time estimates acquired by finding the
peak of these curves, rather than using
averages. Two sets of reaction times are used:
for descriptions, we base reaction time
estimates on all subjects. For error estimation,
we use reaction time estimates based only on
group 1 (8 subjects), which is then held out
from the testing.

Edlund, Al Moubayed, Tannander & Gustafson

Our ultimate goal is to use subjects’ clicks to
localize events in streaming data. As a first
step, we return to KDE: we build an estimate
over an entire stimuli set by adding a narrow
width (0.5 s) Gaussian for each click of each
subject relative to the start of the session. The
resulting curve for S1 along with the wave form
of the stimuli is shown in Figure 3.
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Figure 3. Overview of the waveform of S1 (below)
with the KDE estimate based on all all subjects
(above).

We estimate the onset of a trigger by finding a
peak P in the KDE curve for a stimulus and
deducting the RT estimate from that stimulus
from the peak position.

Table 2. The mean error in ms (the mean of the
absolute difference between actual trigger positions
and estimated trigger positions) for each stimuli set.

Mean Std. dev. N Sig.
S1 23 33 19 -
S2 9 11 19 **
S3 28 25 39 -
S4 61 45 19 **
S5 25 22 19 -

Table 2 shows the errors for trigger estimates
when both RT estimates and KDE curves are
based on all participants. Overall differences
were tested with a one-way ANOVA
(p <0.001). Differences between each set and
all other sets were tested with pairwise t-tests
and are reported in the table.

0.2

m 3 subjects

0.18 -

M 10 subjects

0.16 -

18 subjects
0.14 -

m all/all
0.12 -

0.1

0.08 -+

0.06 -+
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0.02 -+

o -

Ss1 S2 S3 sS4 S5

Figure 4. Average errors for S1-S6 for trigger
estimates based on the clicks of 3, 10 and 18
subjects and RT estimates based on 8 different
subjects, plus estimates based on clicks and RT
times from all subjects. Note that two bars are
truncated.
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In order to investigate the effect of the number
of subjects used on the reliability of the trigger
estimates, we use one group (group 1 of 8
subjects) to estimate RT and then use group 4
(G4, 3 subjects), group 3 and 4 (Gas, 10
subjects) and group 2, 3, and 4 (Gaz, 18
subjects) to estimate trigger times for each
trigger in each stimuli set.

Figure 4 shows the mean error for each
stimulus set for trigger estimates based on 3,
10, and 18 subjects (all disjoint from G1, the
subjects used to estimate RT for each stimuli
type), and also for all 28 subjects, using RT
estimates from the same 28 subjects.

One-way ANOVAs within each stimulus
setas well as within all stimuli all show a
significant overall effect of number of subjects
(p < 0.0001 in all cases).

Future work

We will attempt to add more game controllers
to the system, in order to be able to get more
out of one single, controlled test series.
Optimally, we would like to be able to run
groups of 16 or 24 subjects. Further technical
development includes making use of the
feedback systems provided in the controllers:
they are able to vibrate and have a small
number of LEDs that could be used for this.

Regarding actual annotation, we are in the
process of annotating language phenomena
such as filler pauses, hesitations and repairs.
We will follow up on these annotations and
compare them, from efficiency and from an
accuracy point of view, to traditional expert
annotation.
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Abstract

MMN is an ERP component that reflects pre-
attentive discrimination between a recurring
standard sound and a deviating sound. MMN is
frequently used in infant studies focused on
speech development since its elicitation does
not require the attention of the child. The
general ability of infants to discriminate speech
sounds is gradually specialized towards
discrimination of phonetic contrasts in their
mother tongue. The aim of the present study
was to examine if an MMN response is elicited
by naturally varying speech stimuli (/ti/ and
/ki/) and if this response is stronger for the
speech sound that infants typically produce at
this age (/t/). An EEG experiment with an
oddball paradigm was designed. Participants
were 19 infants (9-mo). An MMN-like negative
response to deviants compared to standards
was found, however it was not statistically
significant. No significant interaction effect
was found for MMN and type of deviant
stimulus. Variation in the standard stimuli may
have contributed to the lack of effect. It is also
possible that the infants already were equally
competent in discriminating both speech
sounds, which may account for the small
difference between the deviant waveforms.

Introduction

Mismatch  negativity (MMN:  N&aténen,
Gaillard & Maéntysalo, 1978) is an ERP-
component frequently studied with EEG-
recordings. MMN is elicited by discriminable
changes in an otherwise uniform stream of
stimuli (N&atanen, Gaillard & Mantysalo,
1978) and is usually studied in oddball
paradigms (first used by Squires, Squires &
Hillyard, 1975). The auditory MMN response
is elicited by changes in frequency or
amplitude for sinusoidal sounds (Sams et al.,
1985; Ford & Hillyard, 1981) and to changes in
complex sounds, such as speech sounds
(Pakarinen et al., 2013). The MMN response is
the result of a comparison process in the brain,
between a memory trace formed by the

recurring stimuli and a deviating sound
(Naatanen, 1990). For adults, the MMN latency
is typically 100-200 ms (Né&atanen, Gaillard &
Mantysalo, 1978, 1978; Naatdnen & Alho,
1997) whereas it is longer in infants (250-450
ms) (Cheour et al., 1998; Conboy & Kuhl,
2011). Its distribution is generally strongest at
fronto-central sites (Ceponiene et al., 2004).

MMN is particularly appropriate for infant
studies considering it is elicited by unattended
stimuli (Naatdnen, 1991), in comparison to
other behavioural methods such as head turning
techniques and high-amplitude-sucking.

Late difference negativity (LDN) is another
ERP component that has been linked to sound
change processing in MMN studies (Ceponiene
et al., 2004; Alho et al., 1992), with a peak
latency of 350-500 ms (Korpilahti et al., 2001).

Typical speech development in children
follows a certain pattern where dental and
bilabial sounds (e.g. /t/, /d/, /bl and /p/) are
produced early. Velar speech sounds (e.g. /k/
and /g/) are typically produced later (e.g.
Locke, 1983; Lohmander, Olsson & Flynn,
2011; McCune & Vihman, 2001). Newborns’
competence to discriminate phonetic contrasts
of their mother tongue improves during their
first year at the cost of a more general ability to
discriminate phonetic contrasts from virtually
any language (Kuhl et al., 2006). EEG studies
have revealed that the MMN response to non-
native speech sounds is attenuated and the
response to native speech sounds increases by
the time the infant is 12 months old (Cheour et
al., 1998).

The present study will focus on 9-month-old
infants’ discriminatory ability by measuring
MMN in response to naturally produced speech
sounds. The aim of the study is to see if there is
an auditory MMN elicited in response to dental
and velar consonants respectively and further to
examine whether there is a difference between
the MMN waveform for the two deviating
stimuli. It is plausible that the MMN response
would be stronger for when the dental
consonant serves as a deviant, considering
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9-month-old infants typically can produce
dental sounds. The idea would be that
production facilitates discrimination.

Method

Participants

The participants were 19 healthy infants (10
female; m=9 months, 14 days; sd=9.16 days).
All participants' mother tongue was Swedish
and four came from bilingual homes (Italian,
Finnish, Japanese, and Serbian).

Letters with information about the study
were sent to 200 randomly selected families
accessed from the National Swedish address
register, based on the infant’s date of birth (pre-
term infants were not excluded). Informed
consent was obtained from all caregivers and
the study was conducted with the approval of
the local ethical committee (Dnr 2011/955-
31/1). The participants received a diploma for
their participation.

Stimuli and experimental design

The Swedish CV syllables /ti/ and /ki/ were
pronounced by a native Swedish speaking
female and recorded in an anechoic chamber.
The syllables were produced in a standard
sentence (Jag sa /x/ till de andra) multiple
times with deliberately varied stress patterns in
order to acquire naturally varying speech
sounds. The speech sounds were manually
edited in Wavesurfer (ver. 8.4.2.9) and 18
stimuli were chosen for the experiment (9 /ti/;
9 /ki/). An oddball paradigm design was used
with two blocks of stimuli. The speech sound
/ti/ served as standard (p =80%) and /ki/ as
deviant stimuli (p = 20%) in one of the blocks
(dev/kil/). /ki/ served as standard (p = 80%) and
/ti/ as deviant (p =20%) in the other block
(dev/ti/). The order in which the blocks were
presented was randomized for every subject,
with an interstimulus interval (ISI) of 600 ms.
The deviant stimuli occurred at pseudorandom
order but was always preceded by at least two
standard stimuli. Each block was initiated with
12 standard stimuli and consisted of 60 deviant
and 240 standard stimuli. The total length of
the experiment is 12.4 min.

Procedure

The participants were seated in the caregivers’
lap on a chair placed approximately 70 cm
from a computer screen in a sound-attenuated
room. A children’s TV-program (In The Night
Garden, BBC) was used as a source of
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distraction during the experiment.
Loudspeakers (NuForce S-1) were placed on
each side of the screen, through which the
auditory  stimuli  was  presented  at
approximately 60-70 dBA. E-Prime 2.0 was
used to run the experiment.

A HydroCel Geodesic Sensor Net (128
channels) was used. During recording vertex
reference was used and impedance was held
below 50kQ for most channels. EGI hardware
and software (Electrical Geodesics, Inc.) were
used during recording.

Processing of data

Analysis of data was performed with Net
Station 4.2, using a bandpass filter set to 1-40
Hz (FRI). Epochs of 800 ms including a
200 ms pre-stimulus period were separately
averaged for the standards and deviants
respectively. Segments and channels were
rejected when exceeding 200 pV in the relevant
channels and data was re-referenced to
mastoids. The mean voltage of the pre-stimulus
(200 ms) period served as baseline. A grand
average file was created for all subjects, after
omitting four participants due to noisy data.

Based on visual inspection a time-window of
150-300 ms was chosen. The MMN parameters
were computed from the difference waveform
by subtracting the grand average standard-
stimulus ERP from the grand average deviant-
stimulus ERP.

Statistical analysis

A multivariate  ANOVA (2 x 2, repeated
measures) was performed on the average data
for the frontal electrode Fz (11), with the
variables deviant stimuli, standard stimuli and
the two blocks (dev/ti/, dev/ki/), respectively.

Results

The deviant stimuli elicited an MMN response
(peak 150-300 ms), and a later negativity at
500-600 ms, measured at electrode Fz (see
Figure 1). Another early ERP that was elicited
(peak 80-100 ms) can be seen for the average
waveform for the deviant stimuli, as seen in
Figure 1. There is a small observable difference
in the average waveform depending on block
type (dev/ki/ vs. dev/ti/) at 150-300 ms,
measured at electrode Fz, as seen in Figure 2.

The ANOVA (2x2) showed an insignificant
MMN effect (F; 14 = 2.615, p <s0.05, ns.), and
an insignificant interaction between the two
blocks (F;1,= 0.171, p<0.05 ns.), see
Figure 3.



Edstrom, Gustavsson, Kallionen, Markelius, Strandberg, Stromberg & Svensson

= standard
------ deviant

— MMN

Figure 1. Auditory ERPs measured at frontal (Fz).
The average waveform to the standard stimuli
(thick line), deviant stimuli (dotted line), and the
MMN shown as a difference wave (thin line). The
time window is one epoch (800 ms).
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Figure 2. Auditory ERPs measured at frontal (Fz).
The average waveform to the deviant stimuli from
the blocks dev/ti (thick line) and dev/ki/ (dotted
line). The time window is one epoch (800 ms).
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Figure 3. There is an observable difference in
amplitude (V) depending on stimulus type
(standard vs. deviant) for both blocks, however not
statistically significant. There was no observable
interaction effect between MMN and block type.

Discussion

The aim of the present study was to examine
the discriminatory ability for dental and velar
sounds in 9-month-old infants. The primary
purpose was to see if an MMN response was

elicited for the speech sounds /ti/ and /ki/. The
results indicate a negativity similar to the
MMN component, with a latency of 150-300
ms. However, the ANOVA indicated no
significant effect of stimulus type (standard vs.
deviant). The insignificant result might be
related to the fact that the number of
participants was relatively low as well as some
of them being omitted due to noisy data.
A prerequisite of MMN elicitation is that a
memory trace of the standard stimuli has been
formed. It is likely that this neural
representation is weaker when using varying
complex sounds, as was the case in this study.
Furthermore, previous studies have suggested
that MMN amplitude is higher for tone stimuli
than for more complex linguistic stimuli
(Korpilahti et al., 2001). Nevertheless, it is of
importance to study the MMN response to
naturally produced speech sounds with varying
characteristics since it is more applicable to
non-experimental contexts.

Moreover, this study aimed to analyse
whether there is a difference in amplitude
between the two waveforms elicited by the
deviant stimuli. The results showed no
significant interaction effect with MMN. The
average waveform representing the block
dev/ti/ is slightly more negative, for the time
window 150-300 ms. Even if this is in line
with the hypothesis of the study, the results are
not significant, and hence cannot confirm it.
The infant’s native language specialization
during its first 12 months results in a greater
competence in discriminating mother tongue
contrasts (Cheour et al., 1998). The infants in
this study are 9 months old, and it is plausible
that, contrary to our hypothesis, they are
already equally competent in discriminating the
two speech sounds /t/ and /k/.

Due to the participants’ young age,
movement artefacts were difficult to avoid
completely, which is the case in any infant
study.

The negativity with a 500-600 latency of has
the characteristics of the ERP-component LDN,
which has been suggested to reflect automatic
stimulus change detection, primarily in
children, (Alho et al., 1992), however the
function of LDN is still unclear. Other studies
have suggested that the LDN reflects a later
stage in sound processing (Ceponiene et al.,
2004). This response however has not been
further statistically analysed in this study.
The early negative component with a peak
around 80-100 ms is apparent in the deviant
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but not the standard waveform. This response
has previously been related to the neuronal
refractory period, not associated with the MMN
(Walker et al., 2001).

Studying infants’ discriminatory ability by
measuring MMN provides interesting insights
in language development. Variation in the
speech stimuli is essential when studying
phonetic contrasts rather than acoustic
differences. Possibly the present study pushed
this variability too far.
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Abstract

The Swedish folk singing style ‘kulning’ is
surprisingly understudied, despite its almost
mythical status in Swedish folklore. While some
physiological-productive aspects of kulning
have been treated in previous work, acoustic
properties are still much lacking description.
This paper compares kulning, head (‘falsetto’)
and modal voice from an acoustic perspective.

Introduction

Throughout history, long-distance calls have
been created at several different locations
where there has been a need of making oneself
heard over long distances. Examples include
e.g. yodeling (Luchsinger, 1942) and whistled
languages (Busnel & Classe, 1976), and such
long-distance calls have been used both for
human-human communication and for human—
animal calling.

Kulning is the most common term (see
Rosenberg, 2003:8, for an extensive listing of
alternative words) for a specific type of cattle
or herding calls used in some parts of Sweden
(e.g. Dalarna, Hérjedalen and Jamtland) and is
used to call cows or goats gracing freely in the
mountains when it is time for milking. The
tradition of cattle calls dates far back in history
and was most common in the province of
Dalarna, Sweden, where young women looked
after the live stock during summer in small
mountain farms, away from the homestead.
Kulning generally has no lyrics and consists of
vowel-heavy syllables that feel comfortable to
the singer. The singing technique is often used
by women, and is high-pitched, without vibrato
to make the sound carry over long distances.
Despite its well-nigh mythical status in
Swedish  folklore, kulning has received
surprisingly little attention from a research
point of view. This paper aims at remedy this
situation by looking at some of the acoustic
properties of kulning, and comparing them to
head (“falsetto”) and modal register singing.

Previous research

Kulning is mentioned in both Moberg (1955:38
et passim) and Ling (1978), but mainly in
passing. Forexample, Ling (1978:22) states that
kulning is not really “singing” in a traditional
sense but is more like some kind of falsetto-like
calling in very high registers, and that it
requires a tightened larynx, while Moberg
(1955:37) points out that it is normally sung on
vowels, without lyrics in the traditional sense.

Johnson (1984, 1986:216-259) reports that
kulning production is characterized by a strong
correlation between frequency and amplitude in
higher registers (not so much so in lower
registers) and that, contrary to classical singing,
the larynx moves with the frequency, and is
raised considerably when high notes are
produced (up to +39 mm). Jaw opening is also
correlated with high frequency (in line with
classical singing). The vocal tract length is
varied with up to 37 mm, compared to 22 mm
in normal singing: Also, the pharynx is
tightened, even to the point of making optical
glottography impossible. Johnson (ibid.) also
reports SPL values up to 105 dB (without
mentioning any reference values). The results
presented in Johnson are largely repeated in
Rosenberg (2003:24).

As for the acoustic properties of kulning,
Uttman (2002) studied partials spectra of
kulning songs obtained from outdoor
recordings, and reported strong partials up to
the 16-18 kHz register, compared to ~6 kHz in
normal folk singing.

Data collection

Data from one female subject (the third author)
were collected in two settings: a normal room
approximately 5.5x7 meters, and in an
anechoic chamber (AC), slightly smaller in size.

Recordings were calibrated at 88-90 dBa
using a sustained vowel and a sound-level
meter (Briel and Kjaer 2215). The results were
announced on the recording. Sound was doubly
recorded, but the recordings used in this paper
were made using a professional Audiotechnica

21



Proceedings of Fonetik 2013, 12-13 June 2013, Linkdping University, Sweden

AT813 cardoid-pattern, condenser mono
microphone that fed into a high-definition
video camera (Canon HG-10).

The third author (FP) is educated in kulning
at Musikkonservatoriet in Falun and Malungs
Folkhdgskola, and by Agneta Stolpe and Ann-
Sofi Nilsson. Data consisted of FP singing three
versions of a cattle call (cattle call from
Appelbo in a traditional arrangement by Agneta
Stolpe, Vallslinga fran Appelbo) in each of the
two rooms described above. Each song was
sung in three ways: (1) kulning voice; (2) head
register (sometimes incorrectly referred to as
“falsetto”); and (3) modal voice (chest register).
Each version of the song was initiated by
giving the start pitch using a pitch pipe. The
starting tone had the same Fq independently of
room condition. The duration of the song in all
of the different versions/singing techniques was
approximately one minute.

The recording sessions were unproblematic,
although FP reported that singing in an indoors
setting, without the characteristic outdoors
echo, was a new experience which possibly
affected the performance. This was especially
true for the anechoic chamber, of course.
In both rooms, and for the above reason, FP
reported having problems producing a really
loud tone, something which was somewhat
exacerbated by the fact that FP recently had
recovered from a light cold.

Analysis

For analysis, the following post-processing was
carried out. Data were resampled to 44.1 kHz,
16 bit, mono. The six different versions were
carefully excised from the audio files so as to
omit all extraneous sound (like the authors
discussing recordings settings). From these
files, the first high-pitched [¥] was excised. The
frequency was around 670 Hz, corresponding
to (a somewhat sharp) E5.

The fundamental frequency mode value is
the most frequent value occurring in the song.
The values were obtained from the entire
extracted song in head, modal and kulning
registers and for both settings, and Fo was
extracted using Soundswell. The files were all
low pass filtered at 1000 Hz, with a maximum
frequency 1100 Hz and with a high pass filter
set at 40 Hz. As mentioned above, while
Fomode values were obtained from the
modal/chest register and the two conditions,
due to the frequency difference of one octave
(the modal version being sung one octave lower
than the head and kulning versions) no
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comparisons between modal and kulning/head
versions were made. Modal register singing
comparisons with kulning/head register singing
were only made based on the two different
room conditions.

Additional analyses were carried out using
Cool Edit Pro 2.0, Cool Edit 2000, WaveSurfer
1.8.8p4 and Soundswell.

Results

Fundamental frequency

First, fundamental frequency in the two settings
was examined. The results show a clear effect
on Fo mode value as a function of the two room
conditions; see Figure 1.
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Figure 1. Fundamental frequency mode values
for kulning and head register singing in the
normal room and in the anechoic room (AC).

The observed effect was 80 and 70 Hz for
kulning and head register, respectively,
showing that Fo mode value for kulning was
higher in both recording conditions. The
observed room difference was 67-77 Hz higher
in kulning for the normal room and the
anechoic chamber, respectively. The room
effect for modal/chest register showed the
opposite pattern: here a higher Fo mode value
of 20Hz for the anechoic room was observed.

Our general observation that kulning is
higher in frequency than other singing more or
less repeats the results reported in Johnson
(1986:253) who compared kulning and normal
folk singing, and observed roughly similar
frequencies for one vowel/tone, [4], and
higher frequency in kulning for another [#]
vowel/tone.
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Figure 4: Kulning [¢] produced in echo-free room,
LTAS/FFT/Hamming analysis.

Long-Term Average Spectrum analysis

The first [¢] in the song was then extracted in
the kulning and head register versions (for two
room conditions) and a Long-Term Average
Spectral (LTAS) analysis (using Fast Fourier
TransformHamming window) was performed.
The results are presented in Figures 2-5 above.
As can be seen, the partials are much more
distinguishable in kulning than in head voice,
under both recording conditions, and while
only four peaks are clearly visible in head
register, and more or less disappear above
5 kHz, partials in kulning register are easily
observed up to 15 kHz before fading out.

Discussion

First, it should be mentioned that both recording
settings described in this paper are somewhat
counterproductive from a kulning point of view,
where the basic concept is crucially based on an
outdoor setting, far from the echo-attenuating

T T T T i
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Figure 5: Head [u] produced in echo-free room.
LTAS/FFT/Hamming analysis.

feedback encountered here. FP’s previous
experience of kulning has, quite naturally, been
outdoors or at least in large rooms with good
acoustics and feedback properties, which means
that both recording conditions here were new
and somewhat artificial to her, which likely
affected the performance. Naturally, especially
the anechoic chamber was perceived as difficult
to accommodate to. This is likely the
underlying cause behind the observed lower Fy
mode values observed for both kulning and
head register singing. Interestingly, however,
this effect was reversed in modal/chest register,
where a higher Fo mode value was observed in
the anechoic room. A possible explanation for
this could be that this was the last recording
and that the singer experienced a warm-up
effect after performing the other songs.

With regard to singing technique, Fo mode
value was higher for kulning compared to head
register, independently of room setting, despite
making sure that all recordings used the same
starting tone.
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The spectral comparison revealed a marked
difference between kulning and head registers
in that kulning exhibited distinct partials up to
approximately 15 kHz, while only four partials
were clearly visible in head register. Head
register also showed a clear decline in palpable
partials at around 5 kHz. A partial (pun
intended) explanation for this could be ascribed
to loudness differences between the two effects,
but no such analysis was carried in this pilot
paper of limited space. Given that reference dB
values were carefully recorded, future studies
could easily encompass a deeper study of this
phenomenon.

It is interesting to compare our finding of
clearly marked partials in kulning to Uttman
(2002). She, too, reported very high partials for
all four singers studied, with a variation
between the singers ranging from 12 kHz (for
the singer Maria RGjas) to 18 kHz (for the
singer Lena Willemark). The other two singers
(Agneta Stolpe and Kerstin Sonnbé&ck) studied
had their highest (visible) partials at 16 kHz.
Since Uttman used phonograms, there is no
way (or at least very difficult) of knowing
details about the recording conditions (e.g.
microphone specifications), but while our own
data are “clean” and controlled, Uttman’s data
are more ecologically valid. Ideally, future
studies of kulning should use controlled
outdoors recordings sessions, including dB
reference values, coupled with detailed
technical specifications. Outdoor recordings
would also enable analysis of sound
transmission  characteristics  for  different
singing styles in different outdoor environments
(cf. Marten & Marler, 1977)

Future studies should/could also include
analyses of glottal properties, like the closed
quotient and the crest-factor. The closed
quotient can be related to pressed phonation
and the crest factor is related to closure speed.
Both measures are related to vocal loudness.
Measures on loudness should be included in
future comparisons of kulning and head
register, as already mentioned.

Finally, it is interesting to note that yodelling
has been devoted some recent interest
(Echternach, Marki & Richer, 2011; Echternach
& Richter, 2010; Schléminger-Their et al.,
2009). From an acoustic  perspective,
comparisons between kulning and yodelling
could be of potential interest given the similar
rationales for the two singing styles.
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Abstract

Previous studies of cheetah purring have
described purring in adult cheetahs. This paper
extends the cheetah purring research to include
juvenile and subadult cheetahs and analyzes
purring data from cheetahs in ages ranging
from 7 months to 7 years, and with weights
ranging from 18 kilos to over 70 kilos. Results
show that while there is considerable variation
across most parameters analysed (amplitude,
phase duration, cycles per phase and
fundamental frequency), mainly attributable to
degree of relaxation/agitation, previously
reported observations that ingressive phases
tend to be lower in frequency are largely
confirmed, with one notable exception.

Introduction

Despite the fact that the purring domestic cat
(Felis catus, Linneaus 1758) has been a
companion of humans for around 10,000 years
(Driscoll et al., 2009), and the fact that the
prominent purrer, the cheetah (Acinonyx
jubatus, Schreber 1776), also has been kept as a
pet animal for thousands of years, it is still not
known exactly how purring is produced.

Eklund, Peters and Duthie (2010) compared
purring in the cheetah and the domestic cat,
while Eklund et al. (2012) compared purring in
four adult cheetahs.

However, the papers mentioned above
studied purring in adult cheetahs. The present
paper extends the previous studies by including
analyses of juvenile/subadult cheetahs, ranging
in age from around 7 months to 7 years, with a
weight range of 18 kilos to more than 70 Kilos.

The cheetah

The cheetah (Acinonyx jubatus) is probably
best known for being the fastest land animal in
the world with an estimated top speed of circa
112 km/h (Sunquist & Sunquist, 2002:23).
Contrary to a widespread misconception that
the cheetah “is not a cat”, it is a full-fledged
felid, most closely related to the puma (Puma
concolor) and the jaguarundi (P. yaguarondi)
(O’Brien & Johnson, 2007:70).

The cheetah is of roughly the same size as the
leopard (Panthera pardus) — with which it is
often confused - but is of a lighter and more
slender build, has a smaller head and smaller
teeth. The cheetah is distinguished by dark
tear-marks in the facial fur running down its
eyes, towards the muzzle.

Sexual dimorphism is not very pronounced in
the cheetah: a male cheetah weighs 29-65 kg,
and is 172-224 cm nose-to-tail with a shoulder
height of 74-94 cm; a female cheetah weighs
21-63 kg, and is 170-236 cm nose-to-tail with
a height of 67-84 cm (Hunter & Hamman,
2003:141). Although the cheetah is a relatively
large carnivore, there are no records of a wild
cheetah ever killing a human being (Hunter &
Hamman, 2003:17).

Purring

The term ‘purring’ has been used liberally in
the mammal vocalization literature, and an
exhaustive review is given in Peters (2002).
Using a definition of purring that continuous
sound production must alternate between
pulmonic egressive and ingressive airstream
(and usually go on for minutes), Peters (2002)
reached the conclusion that only “purring cats”
(Felidae) and two species of genets (Viverridae
sensu stricto), Genetta tigrina, and likely also
Genetta genetta, had been documented to purr.
For further discussion see Eklund, Peters and
Duthie (2010).

Data collection and processing

Data were collected at the Dell Cheetah Centre,
in Parys, South Africa, on 30 December 2011.
Recordings were made of the two males
Finley (F) and Mufasa (M), and from the two
sisters Tippi (T) and Jade (J) — daughters of the
previously studied male cheetah Caine (see
Eklund, Peters & Duthie, 2010).

All five cheetahs were recorded in their
enclosures and purring was elicited by Pieter
Kemp or the first author. While F and M were
quietly resting, the two sisters were playful and
agitated, which occasionally led to a number of
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passages with very short exhalation—inhalation
sequences. Finally, film clips from December
2009 of the juvenile (male) cheetah Parker (P)
were analysed. Parker, too, was also active
during the recording, rather than resting calmly
on the ground. Biographical information about
all cheetahs are found in Table 1.

Equipment

The equipment used was a Canon HG-10 HD
camcorder with a clip-on DM50 electret stereo
condenser shotgun microphone with a
frequency range of 150-15,000 Hz, and a
sensitivity of —-40dB. The position of the
microphone varied, partly due to the cheetahs
moving, but was mostly directed towards the
muzzle of the cheetahs, where the sound
emanates (see e.g., Eklund, Peters & Duthie,
2010). Photos from the data collection are
given in Plate 1 and Plate 2.

Data post-processing

Audio tracks (44.1 kHz, 16 bit, mono) were
excerpted with TMPGEnc 4.0 Xpress.

Analysis tools

The sound files were analyzed with Cool Edit
2000 and Cool Edit Pro 2.1. Cycles per phase
were counted manually from the waveform.
Statistics were calculated with SPSS 12.0.1.

Egressive—ingressive identification

For most of the data, egressive and ingressive
phases were identified according to the method
described in Eklund, Peters and Duthie (2010),
i.e. with the first author keeping his hand on the
side of the chest of the cheetah to monitor
breathing, while uttering the words *“in” and
“out” in synchronization with the cheetah’s
breathing/purring. When this method was not
possible (during playful stretches), the phases
were identified by the first author from
a combination of visual inspection of the
waveform and sound characteristics — based on
the distinctive sound differences between
egressive and ingressive purring. Finally, in
difficult cases, the original video was consulted
for visual confirmation where it could be seen
whether or not the ribcage of the cheetah was
expanding or collapsing.

Parts of the recordings where analysis was
difficult or not possible for some reason, e.g.
talkover, bird chirps or other background noise,
were discarded.
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Results
The results are presented in Table 1.

Amplitude

Previous studies have reported louder egressive
phases in both cheetahs and domestic cats
(Eklund, Peters & Duthie, 2010; Schétz &
Eklund, 2011; Eklund et al., 2012). This
general pattern was observed in this study, as
shown in Figure 1, where a long stretch of
purring (from M) shows egressive—ingressive
phases with clearly stronger egressive phases.

However, while Eklund et al. (2012) reported
louder egressive phases in all four cheetahs
analysed, one cheetah (Aisha) did produce a
number of louder ingressive phases, which they
attributed to the fact that she was in an agitated
state. This was confirmed in the present study,
and a less consistent and varying pattern was
observed in P, T and J, all of whom were
moving about, playing or licking the author’s
hand. Often there were no discernible amplitude
differences between egressive and ingressive
phases, and in some cases ingressive phases
were clearly louder than egressive phases, as is
shown in Figure 2.

Phase durations

Previous studies have not reported any
consistent pattern in phase durations. Eklund,
Peters and Duthie (2010) observed longer
egressive phases while Schoétz and Eklund
(2011) reported longer ingressive phases.
Eklund et al. (2012) reported longer egressive
phases in two of the cheetahs studied, and
longer ingressive phases in the two other
cheetahs studied. This inconsistent pattern was
also observed in the present study. Three of the
cheetahs (P, T,J) exhibited no significant
differences between egressive and ingressive
phases, while M had significantly longer
egressive phases and F significantly longer
ingressive phases. It should be noted, however,
that the F data set is very small (N=12), and
that far-reaching conclusions based on this data
set should be subject to extreme caution. On
average, shorter phase durations were observed
in the three young cheetahs. This can likely
partly be explained by the fact that they were in
an agitated state and moving about rather than
resting peacefully. However, all young cheetahs
were capable of long purrs — although no
phases longer than 3 s were observed.
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Plate 1. Pieter Kemp and first author recording Plate 2. First author recording Jade and Tippi.

Mufasa. Photo by Miriam Oldenburg.

Photo by Miriam Oldenburg.

Table 1. Summary Table. For all five cheetahs results are given for duration, cycles per phase and
fundamental frequency. Results are presented independently for egressive and ingressive phases and for the
two combined, and statistical tests are performed on differences between egressive and ingressive phonation.

Mufasa (M) Finley (M) Parker (M) Tippi (F) Jade (F)
Age 7 years 6 years 11 months 7 months 7 months
Weight (kilos) > 70 50 25 18-20 18-20
Phonation type Ingr Egr Ingr Egr Ingr Egr Ingr Egr Ingr Egr
No. phases analysed 38 38 6 6 21 21 42 43 24 25
Mean duration (ms) 2174 2438 2763 1662 1003 970 1045 1063 685 590
Mean duration egr+ingr (ms) 2306 2212 986 1054 637
Standard deviation 385.5 534.5 398.9 268.7 413.6 406.6 406.4 359.9 376.1 243.3
Maximal duration 3300 3640 3270 2100 1700 1710 2000 1790 2100 2100
Minimal duration 1280 1200 2360 1360 100 280 300 460 300 160
A t test (paired-samples, two-tailed) p=0.014 p =0.004 p=0.074 p=0.807 p=0.168
A Wilcoxon (two related samples) p=0.018 p=0.028 p = 0.068 p=0.726 p=0.094
Mean no. cycles/phase 49.3 49.1 63.7 377 20.3 21.5 25.3 28.0 19.3 18.4
Mean no. cycles/phase egr+ingr 49.2 50.7 20.9 26.7 18.9
Standard deviation 10.5 12.1 6.7 3.5 6.7 9.1 10.5 10.6 11.8 7.4
Maximal no. phases/cycle 69 77 75 43 35 38 50 50 67 34
Minimal no. cycles/phase 24 23 57 35 7 3 7 12 10 8
A ¢ test (paired-samples, two-tailed) p=0.921 p=0.001 p=0.562 p=0.182 p=0.576
A Wilcoxon (two related samples) p=0.959 p=0.028 p = 0.456 p=0.268 p=0.471
Mean fundamental frequency (Hz) 22.6 20.1 23.2 22.2 19.6 22.7 24.2 26.1 28.3 30.8
Mean frequency egr+ingr (Hz) 21.3 22.8 21.1 25.2 29.6
Standard deviation 2.25 2.25 1.9 2.14 2.38 1.58 3.1 3.1 4.45 7.26
Highest fundamental frequency 25.7 21.9 24.9 26.5 23.4 25.7 32.9 35.0 37.5 49.0
Lowest fundamental frequency 18.7 11.2 20.5 19.7 16.4 20.0 20.0 21.5 22.5 24.1
A t test (paired-samples, two-tailed) p < 0.001 p =0.048 p < 0.001 p =0.002 p=0.072
A Wilcoxon (two related samples) p < 0.001 p = 0.053 p < 0.001 p < 0.001 p=0.113

Cycles per phase

Fundamental frequency

Once again, this study repeats previous studies
(ibid.) that have failed to observe any consistent
differences as regards numbers of cycles per
phase. This is perhaps not very surprising,
given that cycles per phase can be expected to
be closely linked to phase durations in general.
While there is a strongly significant difference
observed in F, this is likely attributable to the
very limited data set, and no strong conclusions
should be drawn based on this observation.

Previous studies on the cheetah have in general
reported lower fundamental frequency (Fo)
patterns in ingressive phases (Eklund et al.,
2012; Frazer Sissom, Rice & Peters, 1991).
In the present study, two cheetahs (P, T) had
significantly lower Fo in ingressive phases,
while M showed the opposite pattern. F and J
exhibited no strong tendency in either direction.
The observation that one cheetah (M) has
significantly lower Fq in egressive phases shows
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that this parameter, too, is subject to individual
variation. While some “high” frequencies were
observed in the playing cheetahs, P produced
some very low Fq values showing that body size
seemingly does not play an important role,
shown in studies on the domestic cat (ibid.).

Discussion and conclusions

The present study extends on previous studies
on purring in the cheetah by including subadult
cheetahs in the data studied. Young cheetahs
seemingly exhibit the same characteristics as do

adult cheetahs, with the possible exception of
very long phase durations, and no phases with a
duration of 3 seconds or more were observed.

While individual variation is observed in
both the present study and previous reports,
actual value ranges are basically the same, with
very low Fo produced by all animals, regardless
of body size and/or age. However, there is still
a tendency for ingressive phases to have lower
Fo, even if this study has found an exception to
this general trend.

IR RERA RN

Figure 1. Mufasa purring amplitude pattern. Egressive phases clearly exhibit consistently higher amplitude.

Window duration = 2 minutes 34 seconds.
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Figure 2. Tippi purring durations. Egressive phases (E) red/upper bar. Ingressive phases (1) white/lower bar.
Durations: E: 480 ms — I: 1515 ms — E: 960 ms — 1:480 ms — E: 340 ms.

Notes
Sound files/film clips found at http://purring.org
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Abstract

This study investigates prelinguistic vocal
development in two young cochlear implant
users during their first eight months of hearing.
Audio recordings of two girls’ babbling were
made and analyzed both auditorily and
instrumentally. Results show for both changes
in production from simple to more complex
syllable structures. For both girls, the pattern
of preferred places of consonant articulation
changes over time and the duration of CV-
dyads decreases. The data allow the conclusion
that their developmental patterns are similar to
those found for normal-hearing infants.

Introduction

During the first 2 years of life infants’
prelinguistic vocalizations gradually become
more complex and speech-like. Progress in
vocal development is considered crucial for the
acquisition of a phonological system: from
producing early isolated consonantal and
vocalic elements the infant must learn to
combine vowels and consonants into adult-like
syllables that can function as the phonetic
building blocks of words (Oller, 2000).
Childhood hearing loss can have a severe
impact on early vocal development. This
includes late onset of adult-like syllable
production and smaller consonant and vowel
inventories (Oller, 2000). It is, however, shown
that prelingually deaf children who receive
cochlear implants (CI) at an early age make
significant progress in vocal development
during the first year of device use. Main
findings in a study made by Ertmer, Young and
Nathani (2007) showed that milestones in vocal
development were achieved within fewer
months of hearing experience than observed by
normal-hearing infants. Wie (2010) found that
children receiving Cls between 5 and 18
months had expressive and receptive language
skills within normal range. However, a large
variation in rate of development has been
identified (Wie, 2010; Ertmer et al., 2002) and
also atypically developmental patterns in young
ClI recipients have been found (Ertmer, Young

& Nathani, 2007). These findings indicate that
some children remain at various levels of
development longer than normal-hearing
children and show limited gains in phonetic and
syllabic inventories. This variability in
performance across children may be due to a
combination of several factors, including length
of auditory deprivation and age in which a child
received ClIs.

Additional research is needed to gain a better
understanding of factors that influence
postimplantation vocal development. The
present paper describes prelinguistic vocal
development in two young CIl users who
received bilateral cochlear implants at 5.5 and 7
months of age, respectively. The intention was
to explore to what extent these two children
show developmental patterns comparable to
those of normal-hearing infants.

Method

Subjects

Subjects involved in this study were two girls
(G1, G2) both identified at birth with profound
hearing loss. G1 received bilateral cochlear
implants (Cl) at the age of 5.5 months and G2
received bilateral cochlear implants at the age
of 7 months. The CI devices in both children
were activated within 1 month post-surgery.

Recordings

Both audio and video recordings were made
using a Roland HR-9 and a Canon Legria HF
G10, respectively, in the children’s home
environments by their respective parents. They
were instructed to interact with the children in
their usual manner.

In total, five recordings were made of each of
the two subjects at intervals of 2 months
(=3 weeks). Each recording comprised 30-40
minutes, in most cases resulting from several
recording sessions spread out over a week. G1
got her Cls activated at the age of 6.5 months
and a few days later the first recording was
made. The first recording of G2 was made at
the age of seven months, 1 week before she
received her implants.
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Analysis

For this investigation only the audio material
was evaluated. Audio recordings were stored as
wav files with a sampling frequency of
44.1 kHz and 16-bit quantization. Acoustic
analysis was performed using Praat (Boersma
& Weenink, 2012) and involved auditory
evaluation combined with visual inspection of
waveform and spectrogram.

Material used for analysis comprised 50
utterances selected from each of the five
recordings. For the present purposes, an
utterance is defined as a single vocalization or
a group of vocalizations separated by
articulatory pauses.

First step in analysis was the division of an
utterance into syllable-like entities. A syllable
was defined as a vocalic or (in some cases)
consonantal nucleus, or could comprise a
combination of consonant and vowel.

Consonants were classified according to the
usual criteria of place and manner of
articulation, and voicing. Due to reasons of
space, this paper will deal only with place of
articulation. Since the present babbling material
precludes conventional fine-grained division of
the place dimension, four broader categories
were established:

1) bilabial

2) dental/alveolar/palatal (front)

3) velar/uvular (back)

4) glottal
In addition, vowel quality was analyzed
following the usual criteria of degree of
opening, backness and lip rounding. Results
will be presented in future publications.

Results
Syllable structure

Table 1 displays the percentage of each syllable
type produced by G1 and G2 during their first
eight months of implant use. Both girls show
similar developmental patterns of increasing
syllable shape complexity. G1s dominant form
of syllables shifted from simple V syllables
(59%) in recording 1 to CV syllables (69%) in
recording 4. Simple V and C syllables (39%
and 27% respectively) dominated G2
production in the first recording, whereas CV
structures accounted for 77% of the syllables
in recording 5.
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Consonants

Place of articulation

Table 2 presents an overview of the places of
articulation used in the girls’ production of
consonantal elements in the five recordings. In
spite of sometimes substantial differences
between the two girls, similar developments
can be observed. For both, the most frequently
used place of articulation in the first recording
(pre-implant for G2) is bilabial (42% and 63%,
respectively). Also, for both of them the use of
this place shows a decreasing trend,
percentages for recording 5 being 20% and
25%, respectively. Further, a relatively
consistent increase in the use of the front region
emerged from the data: from 6% in recording 1
to 38% in recording 5 for G1; correspondingly
from 2% to 40% for G2. Also, the amount of
back (velar/uvular) articulations increases over
time, although especially for G1 less clear than
the increased use of the front region (G1: 27%-
36%; G2: 7%-15%). Finally, both girls show a
tendency of reduced use of glottal productions.
The trend is clear for G1 (reducing from 24%
to 7%) and less consistent for G2 (from 28% to
20%).

CV duration

In this section we shall investigate temporal
aspects of the girls’ vocalizations. To that aim
we selected syllable-like CV units from the
recordings as a measure of development
towards the production of syllables in adult
speech. Recall that CV-dyads represented the
most frequent type of vocalization for both girls
(around 50% of all productions pooled across
recordings 1-5; Table 1).

Mean CV durations presented in Figure 1
show similar trends for G1 and G2. The general
trend goes from longer durations at the time of
the first recording (mean 551 ms) to shorter
durations in the last recording (mean 379 ms).
The only striking deviation from this pattern is
the mean value of 1097 ms measured in
recording 2 productions, corresponding to a
hearing age of 2 and 3 months, respectively, for
G1 and G2. Although G2 has only one CV unit
among the analyzed recording 2 productions
(corresponding to 1%; Table 1), it has a typical
duration (1262 ms).
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