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ABSTRACT

Perception results are presented that address the role

of Lombard speech in auditory and audiovisual

speech perception. Basically, visual enhancement

neutralizes the advantage of Lombard speech

observed for auditory perception. It remains an open

question whether or not Lombard speech is

preferable for perception studies of speech in noise.

1. INTRODUCTION

The research described here is a first step towards

addressing a potential mismatch between our inves-

tigative methods and subsequent understanding of

the production and perception of multimodal

speech, on the one hand, and the nature of the sig-

nals that speakers and hearers actually produce and

process, on the other hand. Ever since Sumby and

Pollack [1] used speech presented in noise (SPIN)

to demonstrate the role of visual information in en-

hancing the intelligibility of degraded acoustic sig-

nals, the speech signals presented in noise have in-

variably been recorded under quiet conditions. The

speech signal presented to perceivers has no correla-

tion with the noise accompanying it and may, there-

fore, introduce yet one more distortion in the al-

ready strained realism of laboratory test conditions.

This study examines to what extent having a corre-

spondence between the speech and noise signals —

the so-called Lombard Effect [2]— is important to

audiovisual speech perception. In what follows we

present the English perception results for a bilingual

speaker of Japanese and English.

2. METHODS

2.1 Data Recording

Figure 1 shows the general recording scheme for the

interactive discourse setting. During production of

the set of 100 CID Everyday Sentences, the talker

faced a 23 inch flat screen display monitor on which

the sentences were presented one at a time.

A bilingual speaker (female, age 20) produced read

and spontaneous speech while being videotaped

with one or two high quality cameras, under the fol-

lowing conditions:

• English and Japanese (separate recording

sessions),

• with and without stick-on blue dots (3 mm) on the

face and head (see Figure 1),

• read sentences (stimulus monitor) and

spontaneous monologues (see Figure 1),

• with and without “loud” party noise presented

through headphones (worn under all conditions).

Camera #1

Camera #2

Figure 1. Schematic diagram of dot placement, speaker

orientation and camera windows during sentence production

(Camera 1) and spontaneous monologues (Cameras 1 & 2).

2.2 Equipment and Data Processing

For the current perceptual evaluation, only the clean

face (no dot) conditions for the read sentences were

used. Close-up recordings using Camera 1 (Ikegami

HDK-79E) and a TRAM lapel microphone were

transferred in serial digital (SDI) format to a digital

disk recorder (DOREMI UHD1) where the video

and audio were stored without compression. The

start and end frames of each of 32 sentences were

identified and stored in a playlist file. The recording

was then transferred to DVD format (compressed to

MPEG 2 via a Pioneer PRV-XL1 recorder).
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2.3 Data Presentation

Play lists were constructed such that differences due

to presentation order and sentence intelligibility

could be tested as well as our primary interest in the

effects of noise level and modality (audio, audiovis-

ual). The four noise conditions were

• Speech recorded in noise and presented at the

same noise level — Spin1,

• Speech recorded in noise and presented at a noise

level intended to generate less than 50%

intelligibility (based on a pilot subject) — Spin2,

• Speech recorded in quiet and presented at the

same noise level as Spin1 — SpiQN1,

• Speech recorded and presented in quiet — SPIQ.

The four noise conditions contained four audio and

four audiovisual tokens each and were presented in

blocks. The noise conditions were presented in four

presentation orders constructed by rotating through

the order once — e.g., Spin1, Spin2, SpiQN1, SPIQ

=> Spin2, SpiQN1, SPIQ, Spin1 => … and so on.

Although each subject was presented each sentence

only once, the blocks of eight sentences occurred in

each noise condition across the set of subjects. This

gave four conditions of presentation order, four

noise conditions, and two modality conditions

requiring (4x4x2 =) 32 subjects and 32 sentences.

DVDs were made for each presentation order and

played to subjects on a Pioneer V7400 DVD player.

Each experimental session was preceded by a block

of four practice trials in which subjects could

become accustomed to the task, but for which no

feedback was given. Subjects viewed the stimuli on

a Sony 23" HD monitor and heard the stimulus

sentences and noise through high quality

headphones (Sennheiser 427). After each trial,

subjects were recorded repeating what they had

heard. This audio file was used for scoring the data.

3. RESULTS

The data were scored for correct identification of

function (verbs, articles, prepositions) and content

words (nouns, adjectives, adverbs). The results for

the four tokens of each modality-specific condition

were summed and the result subjected to ANOVA

in a repeated measures design where order (4x8)

was the between factor, and noise (4) and modality

(2) were the two within measures.

The results for function and content words were

effectively identical, therefore statistics are

presented for both sets combined. There was no

main effect of presentation order (F[3,28] = 0.712, p >

0.50). There were main effects of Noise (F[3,84] =

24.29, p < 0.0001) and Modality (F[1,28] = 22.63, P <

0.0001). There were no interactions. As shown in

Figure 2, subjects retrieved more information from

the noise-matched signal (Spin1) than from the

noise-unmatched signal (SpiQN1) in audio-only

modality, but these differences were neutralized in

the audiovisual condition by the larger visual

enhancement of SpiQN1.
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Figure 2. Mean percent-correct scores presented as a function

of Noise condition and Modality.

4. DISCUSSION

Although the Lombard Effect is clearly active in the

audio only condition where speech recorded and

presented in noise (Spin1) is more intelligible than

quiet speech presented in noise (SpiQN1), its

advantage is neutralized in the multimodal condition

where viewing listeners appear to obtain the

information they need from the visual signal.

Analysis of the face and head motion data should

allow us to distinguish the components of facial

motion crucial to recovery of the visual speech

information from those that arise simply from

generation of clearer acoustic signals.
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