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partners, vowel duration and F0 were significantly higher than
without partner. Those previous findings highlighted an
important aspect of communication in Lombard speech where
there is at least a 2-way communication and the sender aims to
make the receiver understand what she wants to say. Thus, the
sender is willing and ready to adapt her speaking strategies for
the effectiveness of communication [1]. Moreover, Zeng and
Liu [11] stated that individual’s speaking patterns/forms
usually change abruptly when noises occur during
communication or when there are errors in speaking and
listening from conversation partners.
As mentioned, many acoustic characteristics were
reported to associate with Lombard speech. Recently,
Lombard Effects on lexical tones have been explored in tonal
languages, such as Cantonese and Thai. Zhao and Jurafsky [5]
compared speech adjustments of 6 lexical tones in clean
versus white noise conditions (with no conversation partner)
from 8 Cantonese speakers aged between 20-52 years old. The
findings showed that in white noise condition, F0 in all tones
increased, especially in mid and mid-rising tones.
Kasisopa et al. [12] examined speech production in
noise, focusing on lexical tones in Thai. Speech data was
obtained from six females aged between 27-34 years old in
clean and white noise conditions. It was found that F0 and
tone contours for the five tones in isolated words were higher
than those in sentence frame. Importantly, it was found that F0
for four tones (mid, low, high, and rising tones) in white noise
condition was higher than in clean condition.
Lombard Effect not only reflects speech adjustment
but also reveals aspects of human speech perception process.
A number of studies have investigated perception patterns of
Thai lexical tones in noise conditions (e.g., white noise in
Onsuwan et al. [13] and pink noise in Mixdorff et al. [14]). To
our knowledge, only the study by Kasisopa et al. [12] has
addressed the question of Lombard Effect in the production of
Thai lexical tones. Therefore, we would like to explore this
further by 1) using various types of noise: clean, white, and
babble (results in babble noise are only presented here) 2)
including two communicative settings (with and without
conversation partner). To give readers a background of Thai
lexical tones, F0 contours of the five tones (mid, low, falling,
high, and rising) from this present study in clean condition
where there was no conversation partner are given in Figure 1.

Abstract
This work investigates Lombard Effect (clean versus babble)
on the realization of Thai lexical tones across two settings:
with conversation partner (map task) and without partner
(sentence reading). For both, thirty location names whose final
syllable varying in lexical tones were constructed and used.
Ten pairs of Thai adults participated in the study. The findings
showed that in noise condition, regardless of whether the tones
were produced with or without conversation partner, F0 values
for all tones were significantly higher. Importantly, Lombard
Effect on the tones was significantly increased for all but low
tone when a partner was involved.
Index Terms: Lombard Effect, Thai, babble noise, lexical
tone, map task

1. Background
In 1911, Lombard conducted a study and made an important
discovery that during conversation with noise (of various
types), speakers adjust their use of language and speech
patterns [1]. From then on, the concept of Lombard
Effect/Lombard speech was originated, which was the
phenomenon where a speaker increases loudness and modifies
her speech in noise condition to allow a listener to understand
the intended message [2]. Lombard Effect has received
extensive attention from speech scientists and relevant studies
have been carried out in many languages (e.g., English [3],
Spanish [4], Cantonese [5]).
By and large, it was clear that apart from an increase
in intensity, speakers make other significant speech
adjustments in noise condition (as opposed to clean condition).
Specifically, it was found that speakers made adjustment in
their production of vowels in terms of vowel duration and
intensity [6]. Fundamental frequency and formant frequency
were also higher when communication was changed from clean
to noise condition [6]. Importantly, these effects were reported
across languages (e.g., Spanish [4], French [7]).
However, several studies concluded that Lombard
Effect did not take place as a consequence of noises only.
They asserted that thoughts, mental states, and reactions of
conversation partners also had influences on speech
modifications [8]. Lane and Tranel [9] reported that in
identical noise conditions, speakers with larger number of
conversation partners made greater degrees of speech
adjustment than those in ones-sided communication. In
addition, Fitzpatrick, Kim and Davis [10] concluded that
during communication in noise condition with conversation
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short practice trial with a simplified set of maps was given to
each pair.
The members were in two separate rooms and could
only communicate through microphones and headphones.
Only one member (the speaker) heard the noise from
headphones. Three types of noise condition were introduced:
clean, white noise, and (Thai) multi-talker babble noise (for
this paper, only results from babble noise were reported) at 6075 dBSPL. Recordings of speech from both members were
made, but only those from the speakers were analyzed. It
should be noted that for each map set, when multiple
repetitions of target location names were elicited, but only the
best two for each were selected.
Figure 1: F0 of five Thai lexical tones (mid, low,
falling, high, and rising) from this study in clean
condition with no conversation partner.

2.3.2. Sentence reading (without conversation partner)
The speakers were asked to read at a normal speed 72
sentences (with 30 target location names and 24 distractors)
for three times in each noise condition (randomly assigned).
The sentence frame was /t͡ɕʰǎn.paj … ʔ a:tʰ ít.ní:/ ‘I go
to…this week.’

2. Method
2.1. Participants
Participants consisted of 10 conversation pairs (one member is
a ‘speaker’ and the other ‘listener’) aged between 20-40 years
old; all pairs had at least one female member (male-female or
female-female). Members in each pair know each other well
and only one female member was assigned the speaker role.
2.2. Speech materials
Ten target syllables were /pa:/ /pà:/ /pâ:/ /pá:/ /pǎ:/ /na:/ /nà:/
/nâ:/ /ná:/ /nǎ:/. Thirty location names were constructed, each
with a target syllable in a final (stressed) syllable. For
example,
/khrua.khun.ná:/
‘Auntie’s
kitchen’,
/hâ:ŋ.tà.wan.ná:/ ‘Tawanna shopping mall’. A same list of
target location names was used in map task and sentence
reading.

Figure 2: Sample of listener’s map (city scene).

2.3. Data recording
Data were collected from two separate settings: with
conversation partner (map task) and without partner (sentence
reading). Each recording session, which includes map task and
sentence reading, always started with map task and lasted
about 20 to 30 minutes.
2.3.1. Map task (with conversation partner)
Following a map task designed by Viethen, Dale and Cox,F
[15], three sets of maps were developed; each set consisted of
two corresponding maps, one for the speaker and the other the
listener as shown in Figures 2 and 3. Three different sets of
maps (3 scenes: city scene, beach scene and country scene)
were created so that three different noise conditions (clean,
white noise, and babble noise) could be randomly be
distributed across 10 participant pairs. Before the task begun,
each participant was assigned a role, either as a speaker or a
listener. They were informed that their task was for the
speaker to guide the listener from a starting point (only
indicated on the speaker’s map) to a finishing point (only
indicated on the speaker’s map) via a specified route ( only
indicated on the speaker’s map) for each map set. Each map
set has 18 assigned locations (10 of which were target location
names and 8 were distractors). They were also told that one of
them would be hearing some noise from headphones. One

Figure 3: Sample of speaker’s map (city scene).
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Table 1: Significant F-values for all factors and their
interactions for each of the 5 tones.
Mid
Low
Falling
High Rising

2.4. Data analysis
Target syllables were manually segmented and two parameters
were measured, i.e., segmental duration (not reported here)
and F0 using Praat [16]. Specifically, the F0 values of tone
contour of each syllable were extracted in ten equidistant
(time-normalized points) from 0% to 100% as shown in Fig. 4.
In total, speech tokens analyzed here are composed of 400
tokens from map task (10 syllables u 2 repetitions u 2 noise
conditions u 10 speakers) and 600 tokens from sentence
reading (10 syllables u 3 repetitions u 2 noise conditions u 10
speakers).
Then, the data were separately analyzed in five
repeated three-way ANOVA, i.e., one for each of the five Thai
tones. Three independent variables in each of these analyses
are
Condition
(Clean/Lombard),
Communication
(Map/Sentence), and Time points (10% points), respectively.

C vs L

6.94

9.02

34.58

52.20

47.89

M vs S

61.46

18.02

N/S

30.11

57.43

7.74

23.07

11.54

N/S

23.73

14.03

N/S

6.39

10.55

11.89

C/L x TP

N/S

N/S

N/S

N/S

N/S

M/S x TP

2.42

N/S

3.62

N/S

20.09

C/L x M/S
x TP

N/S

N/S

N/S

N/S

N/S

TP
C/L x M/S

Note: C stands for speech in clean condition; L stands for
Lombard speech; M stands for map task; S stands for
sentence reading; TP stands for time points; and N/S stands
for not significant. Italic figure = p<.05; Bold figure =
p<.01; and Bold Italic figure = p<.001.

Figure 4: Waveform and spectrographic display (with
F0 line) of a syllable /nà:/ produced in clean condition
in sentence reading.
Figure 5: F0 curves of mid tone across 10 normalized
time points in clean vs. babble noise (Lombard) and
with conversational partner (map) vs. with no partner
(sentence).

3. Results
Table 1 shows significant F-values for all factors and their
interactions for each of the five tones on fundamental
frequency (F0) by comparing the clean and noise condition
and with (map) and without (sentence) conversation partners.
Findings are explained below.
Clean vs. Lombard: The results revealed that in the
babble noise condition, F0 for all of the five tones were
significantly higher than those in the clean condition, both in
map and in sentence settings (see Table 1). This can clearly
be seen when comparing between the two solid curves (map
Lombard vs map clean) and between the two dashed curves
(sentence Lombard vs sentence clean) in Figures 5-9.
Map vs. Sentence: For map task (both in clean and
noise), F0 for all but falling tones were significantly higher
than those in sentence setting. The Clean/Lombard u
Map/Sentence interactions were significantly different for four
tones, i.e., mid, falling, high, and rising, showing that
Lombard Effect was stronger in map than in sentence settings.
(see Table 1). As for F0 shapes, when comparing the two solid
curves (map) with the two dashed curves (sentence), the
dashed ones appear to be flatter and lower, but overall shapes
remain relatively the same for mid, falling, and high tones
(Figures 5, 7 and 8). A notable pattern can be seen in rising
tone where the second half of the F0 contours showed a
gradual fall rather than a rise in sentence setting.
Trend Analyses: The trend analyses showed that
there were significant trends over time for all but high tone.
Interestingly, trends interacted with Map/Sentence for mid,
falling, and rising tones.

Figure 6:
F0 curves of low tone across 10
normalized time points in clean vs. babble noise
(Lombard)and with conversational partner (map) vs.
with no partner
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From the current set of speech data, detailed
analyses are being conducted on lexical tones in white noise
condition and Lombard Effect on segmental durations with
emphasis on adjustment of vowel duration among
contrastively short and long vowels. Analysis of other acoustic
correlates such as intensity and spectral tilt could also be
valuable.
Another important contribution of this study is the
design of map task (in Thai) and the procedure involved in the
task. We believe that our map task could be beneficial for
relevant studies in which speech eliciting in a natural
conversation setting is required.

Figure 7: F0 curves of falling tone across 10
normalized time points in clean vs. babble noise
(Lombard) and with conversational partner (map)
vs. with no partner (sentence).
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