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Abstract:

In the presence of noise, the characteristics of speech are changed
which is known as the Lombard effect. This effect is perceptually felt with an
increase in intensity of speaking. These changes in the characteristics of
speech production are to ensure intelligible communication in noisy
environments. These changes also result in the performance degradation of
speech systems like speaker recognition and speech recognition. Human
speech production mechanism is affected by this phenomenon.

Acoustic and auditory changes occur when a speaker modifies
his/her vocal output to increase the vocal effort and to articulate in a more
precise manner for better communication. The Lombard effect increases the
degree of speech intelligibility unlike other levels of noise pollution.

This study attempts to assess the effect of this phenomenon on the
production and perception of plosives of English, Standard Arabic and
Baghdadi Arabic. Certain acoustic tests will be conducted on English and
Arabic speakers with full computerized analysis of data.
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1. Introduction:

Speech is a highly sophisticated mechanism entrusted to human beings
only. Human speech or the degree of intelligibility can be easily affected by
noise, and the phenomenon that measures this effect is called Lombard effect.
Etienne Lombard (a French otolaryngologist and surgeon) discovered in 1911
the Lombard effect which is an involuntary vocal response by speakers to the
presence of background noise, in which a person’s voice is raised in response
to an increase in the noise amplitude. To communicate effectively in noise, a
speaker must modify the acoustic properties of the speech signal (Lombard,
1911: 101-119).

Lombard speech includes not only an increase in amplitude, but also a rise
in pitch and other spectral changes, and a lengthening of word duration. Some
of these additional forms of noise-dependent signal changes associated with
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the Lombard effect have also been found in other taxa (Brumm and Zollinger,
2011: 11).

The Lombard effect on speech depends on the environment, speaker and
the context of speech communication. This phenomenon is due to hampering
self-feedback and not just speaking in the presence of noise. The self-
feedback can be hampered by various types of noise ranging from a low
intensity air-flow noise to a high intensity fighter cockpit noise. The resulting
instability is compensated by modification of the speech produced, which is
termed the Lombard effect speech. Analysis of the Lombard effect speech
signal is based on time domain properties such as duration of voiced and
unvoiced segments, and spectral domain properties such as spectral tilt and
formants (Bapineedu et al., 2009: 1091-1094).

Summers et al. (1988: 2-12) studied intelligibility of utterances under the
Lombard effect. Speakers increase their vocal levels in the presence of a loud
background noise and make several vocal changes in order to improve
intelligibility of the speech signal. It was shown that the intelligibility of
Lombard speech increased up to a certain level of noise, when presented at a
constant speech-to-noise ratio, and sharply decreased when speech took the
form of shouting. The primary purpose of Lombard effect is to increase
speech intelligibility in communication with other speakers in noisy
environments.

Patel and Schell (2008: 209-220) investigated the influence of linguistic
content on the Lombard effect. They found that at moderate noise levels, most
word types appeared to be uniformly boosted in fundamental frequency (o),
intensity, and duration.

The degree of comprehensibility of speech is intelligibility, and noise in
physics is a random and persistent disturbance that obscures or reduces the
clarity of asignal (AHD, 2011).

Dursiala and his colleagues (2011: 7) conducted experiments to examine
the intelligibility differences of clear and conversational speech and to
objectively analyze the acoustic properties leading to these differences. The
results showed that the fundamental frequency (Fo) tended to be higher in
clear speech than in conversational speech. The intensity of clear speech was
high compared to conversational speech.

Zhao and Jurafsky (2009: 1) examined monosyllabic words of high and
low frequency of use in both normal and Lombard speech styles. The results
suggest that different aspects of speech production may account for the
strengthening of speech in noise and in low-frequency words.

An interesting experiment was conducted by Fricke (1970: 53-57) where
syllable duration was measured in varying noise volume. The experiment
demonstrated that the ear monitors the vocal output, and syllable duration
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appeared to increase linearly with the introduction of noise in the feedback
channel.

Heracleous, et al. (2011: 4) proved that the Lombard effect played an
important role not only in audio speech but also in visual speech production.
The experimental results of this study show that when visual speech is
produced in noisy environments, the visual parameters of the mouth/face
change. As aresult, the performance of a visual speech recognizer decreases.

2. Aim of the Study:

This study aims at exploring the effect of Lombard speech on the
production and perception of plosives of English and Arabic speakers.

3. Materials and Methods:

In order to conduct the tests of this study, eight subjects (four speakers of
English and four speakers of Arabic) were chosen to evaluate acoustic and
auditory changes in their speech in a conversation. The materials were three
sets of 10 phonetically balanced sentences of English, Standard Arabic and
Baghdadi Arabic. Speech was analyzed in computer to identify the changes
that occur between normal speech and Lombard speech.

4. Plosives in English and Arabic:

In phonetics, plosives are formed by creating a complete closure at some
point in the vocal tract, behind which the air from the lungs is compressed
until the closure is abruptly released so that the air explodes outwards. Since
the soft palate is raised, the air cannot escape through the nasal cavity.
Plosives have a very brief friction burst when they are released, which is not
usually heard, but is responsible for the "popping" quality of plosive releases
(Gussenhoven and Jacobs, 2005).

The importance of plosives comes from the fact that at least some sounds
of plosives are found in every known language spoken by humans. The
English plosives are six: voiceless /p, t, k/ and voiced /b, d, g/, as shown in
Table (1):

Table (1) Plosivesin English

Bilabial Alveolar

Plosive

Baghdadi Arabic plosives are nine in number. These plosives are voiceless /p,
t, k, g, ?/, the voiced /b, d, g/ and the emphatic ones/t, /, asishownin Table

(2):
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Table (2) Plosives in Baghdadi Arabic

— Dental-
Bilabial Alveolar Uvular | Laryngeal

Voiceless

t q ?
Voiced d

Plosive

Emphatic t 0

There is a variation in the manifestation of plosives depending on the
varieties of language. There are certain characteristics of plosives that are
changeable depending on their position in the utterance, for example, plosives
affect the length of a syllable according to whether they are voiced or
voiceless. Also, the release of plosives depends upon their position in the
word.

5. Data Collection and Analysis:

In order to measure the effect of Lombard speech on plosives, the study
will tackle three sets of 10 phonetically balanced sentences of English,
Standard Arabic and Baghdadi Arabic. These sentences are taken from daily
conversations and newspapers.

5.1 Collected Sentences:

The English set of sentencesis as follows:
1. The stray cat gave birth to kittens.

[ 0a'strer "keet "gerv 'b3:0 to "kitnz /
2. Pages bound in cloth make a book.
/ "perdziz "basnd in 'klpd ‘'merk o bk /
3. Boards will warp unless kept dry.
/ bo:dz wl 'wa:p an’les 'kept "drar /
4. Rugs are better to be kept dry.
/ ragz a beto to br 'kept ‘drar /
5. The cigar burned a hole in the desk top.
/ 0a si'ga 'b3:nd o "howl 1N 0o "desk 'top /
6. Glue the sheet to the dark blue background.
/ "glu: 8o '[i:t to 00 ‘da:k 'blu: 'beekgrasnd /
7. The box was thrown beside the parked truck.
/ 05 "boks woaz 'Orowsn br'sard 6o "pa:kt ‘trak /
8. The small pup gnawed a hole in the sock.
[ 05 'smo:l 'pap ‘no:d o "howl 1N 8o "spk /
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9. The ship was torn apart on the sharp reef.
/0o "[ipwaz 'to:na’'pa:tonds ‘fa:p ‘ri:f/
10. The source of the huge river isthe clear spring
/ 05 's0:S9v 00 'hju:ds ‘rive z 8o 'klo "sprig /

- The Standard Arabic set of sentencesis as follows:

1. /"?afham ‘'widshat 'nadarak ta'ma:man/
(I perfectly understand your point of view.)

2. ['jabdu: '?anna t'tifla yadib min walidatiha:/
(It seems that the baby girl is angry at her mother.)

3. /gad ja’ku:nul dzawu "‘mumtiran ‘yadan/
(It might rain tomorrow.)

4. ['kana ‘kari:m jas'tami§¢ ?ila Imu'si:ga/
(Kareem was listening to music.)

5. /jata'nazzah ul?at'fal fala Oiffat  innahar/
(The children stroll on the river bank.)

6. /tanam utt'jur mu’ bakkiran/
(Birds sleep early.)

7. I'nagafa ?ahmad  ?iqgtirachatihi - bihudurr ?asdiga?ih/
(Ahmed discussed his suggestions in the presence of his friends.)

8. /'lagad 'bad?at ?adwa?u'tta?iralka’bi:ra tata'la?la?/
(The lights of the large aircraft have begun to glimmer.)

9. I'jumkin libafd issa’?igi:n ?aqiada bisurSa ka'bi:ra/
(Some drivers can drive too fast.)

10. a0 afa ?rat'taibu kitacbahu 'gabla ?iimtihan/
(The student lost his book before the exam.)
- Baghdadi Arabic set of sentencesis as follows:

1. /da'radsti  bimtihan irijadijjat kulif qali:la/
(My grade in Maths exam was very low.)

2. ['?7aku  'su.g bnihajat ifaras/
(Thereis amarket at the end of the street.)

3. I'lefab ilwalad 'to:bal
(The boy played football.)

4. ['"nftara  ilwalad ?ilaga’lam min ?ildu‘ka:n/
(The boy bought the pencils from the shop.)

5. 'buga jsith iddi:to wakt ?uduha hatta gaSadit/
(The rooster kept shouting until 1 woke up.)
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6. /'maku  ?atjab min il?aklait ilSiraqijja/
(Thereis nothing tastier than Baghdadi food.)
7. I'jrid  itadgir jmaffi  bid" aftal/
(The merchant wants to sell his goods.)
8. /'Sitr ilwarid 'maku ‘mi6la/
(The rose perfume is the best.)
9. /'Ouwa Ilgamar duwa lilgalub/
(Moonlight is a medicine to the heart.)
10. /'burdat  iddinjawihna msajfi:n/
(It became cold and we are still wearing thin clothes.)

5.2 Acoustic Experimentation and Analysis:

The conditions of the test consisted of the participant speaking firstly in
normal environment, and then, speaking while hearing multi-talker babble (at

approximately 80 dB). The datawill be analyzed using computer software.

The first comparison will be conducted between two spectrograms of an
Baghdadi Arabic sentence "/'buga jsi:h iddi:towakt ?uduha hatta gaSadit/
" (The rooster had kept shouting until | woke up.), with and without Lombard

effect environments, asin Figures (1) and (2):

Figure (1) A spectrogram of /b/ in"/'buga jsi:h iddi:to wakt

?uQuha hatta  gaSadit/ " (The rooster kept shouting until 1 woke
up.) spoken in a normal conversational style without Lombard effect

(Baghdadi Arabic).
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Figure (2) A spectrogram of /b/ in "/'buga jsi:h iddi:td0 wakt
?Puduha  hatta gafadit/ " (The rooster kept shouting until 1 woke
up.) spoken in a normal conversational style with Lombard effect at
approximately 80 dB (Baghdadi Arabic).
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The second comparison will be conducted between spectrograms of the
Standard Arabic sentence "'lagad ‘bad?at ?adwa?u ‘ttar?ira |ka'biira
tata'la?la?" (The lights of the large aircraft have begun to glimmer.) with and
without Lombard effect environments, as in Figures (3) and (4):

Figure (3) A spectrogram of /b/ in "/'lagad ‘bad?at
Padwa?u ‘tta?ira lka'bi:ra  tata'la?la?/" (The lights of the large
aircraft have begun to glimmer.) spoken in a normal conversational
style without Lombard effect (Standard Arabic).
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Figure (4) A spectrogram of /bl in "/'lagad 'bad?at
Padwa?u ‘tta?ira lka'bicra tata'la?la?/’ (The lights of the large
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aircraft have begun to glimmer.) spoken in a normal conversational
style with Lombard effect at approximately 80 dB (Standard Arabic).
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The third comparison will be conducted between spectrograms of an English
sentence "Rugs are better to be kept dry." with and without Lombard effect

environments, as in Figures (5) and (6):

Figure (5) A spectrogram of /b/ in "Rugs are better to be kept dry"

spoken in a normal conversational style without Lombard effect.
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Figure (6) A spectrogram of /b/ in "Rugs are better to be kept dry"

spoken in a norma conversational style with Lombard effect at

approximately 80 dB.
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More details of all plosives spoken in a normal conversational style without
Lombard effect in English, SA, and BA are illustrated in Table (3), as
follows:
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More details of all plosives spoken in a normal conversational style with
Lombard effect in English, SA, and BA are illustrated in Table (4), as
follows:

6. Results and Discussion:
6.1 Duration
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As can be noticed in Tables (3) and (4), the average durations of all words
(in English, SA and BA) in Lombard speech were prolonged more than their
counterparts in non-Lombard effect environments. It is worth mentioning that
an increase of vowel duration in Lombard speech, and invariable duration of
plosives in Lombard speech were noticed.

6.2 Fundamental Frequency

There was an overall significant increase in Fo accompanying Lombard
speech. The value of F, depends on the syllable is in word-initial position or
not. In addition, female speakers recorded an Fy value of 30% higher than
males.

6.3 Pitch

The pitch level in sentences produced with Lombard speech was 20% to
50% higher in approximately all syllables in English, SA and BA, than their
counterparts without Lombard effect.

6.4 Auditory Remarks

All the test informants comprehended the exact meanings of spoken
sentences within Lombard speech. Several factors were noticed, e.g. loudness,
stress and intensity. According to the speakers themselves, they indicated that
they felt more need to boost their voice intensity whenever the noise intensity
increased compared to non-noise environments. There was no misperception
of plosives in both Lombard and normal speech, except in the case of one
subject (in BA) with minor hearing impairment who used convergent
intensity in both Lombard and normal speech.

6.5 Content Words

In Lombard speech, content words were prolonged more than grammatical
words especially in SA and BA due to the fact that they were spoken by
native speakers of Arabic which implies a semantic dimension where the
speaker assumes that syntactic structures are predictable and focus will be on
content words.

7. Conclusions:

From the data analysis above, the results of Lombard and normal speech in
English, Standard Arabic and Baghdadi Arabic show significant changes in
certain acoustic parameters although these languages are different in
phonotactic and syntactic aspects. Another conclusion is that intelligibility is
retained by the listeners in all tests. A huge increase of pitch level was noticed
in all the language varieties investigated. Acoustic changes that occur in
Lombard speech differ from person to person according to loudness level.
Moreover, plosive duration is convergent in Lombard speech and non
Lombard speech. Last but not least, a prolonged duration of vowels is noticed
in Lombard speech. The perception of plosives (voiceless and voiced) is
invariable in Lombard speech.

8. Recommendations:
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- It may be useful to conduct research on other types of consonants, e.g.
fricatives to have a more comprehensive image of Lombard speech.

- Interdisciplinary fields can be involved in further research that includes
semantic, psychological, neurological and computational aspects.
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