AVSP 2001 International Conference on Auditory-Visual Speech Processing

SPEECHREADING ESSENTIALS:
SIGNAL, PARALINGUISTIC CUES, AND SKILL

Bjorn Lidestam and Bjorn Lyxell

Department of Behavioural Sciences,
Link&ping University, Linkoping, Sweden

{bili, bly} @ibv.liu.se

ABSTRACT

An overview of some results from our own studies
on speechreading is presented. Focus is on para-
linguistic cues that assist in perception of the spoken
signal. We elaborate on how the contextual, and
especially the emotional cues are utilised in
speechreading. We further discuss which skills are
important in integrating paralinguistic cues and the
linguistic signal in speechreading. As a basis for this
overview, empirical data as well as hypotheses
under scrutiny in a present design are discussed.
Finally, some practical implications regarding
synthetic faces as communicative aids are discussed:
how the speech should be presented, incorporation
of paralinguistic cues into the design, and how to
match user and aid.

1. INTRODUCTION

Visual speechreading is a difficult mode of verbal
communication. This is due to the optical (e.g.,
physical) speech signal being a rapid flow of speech
movements that are hard to distinguish from each
other and that do not last. It can be broadly stated
that in comparison with hearing under normal
conditions, there is less definition in the optical
speech signal — most speech sounds are easy to hear,
whereas only a small number of them can be
correctly identified visually in phoneme detection
tasks [1, 2]. Further, some detectable phonemes are
very hard to discriminate from each other visually,
as they are identical as visemes [3, 4].

As speech is very difficult to perceive visually,
additional information on semantic context (e.g.,
who speaks, and in what situation) and emotion of
the speaker (e.g., what emotion the speaker
displays) is good for speech understanding [5, 6, 7;
8,9, 10, 11]. In the present paper, we refer to all
information apart from the linguistic signal of the
word or sentence to be speechread as paralinguistic
cues.

Another consequence of the poor definition of visual
speech is that certain skills are crucial to successful

visual speechreading, and we will go into details on
these skills under a separate heading below. At this
point, we merely want to establish that these skills
can be classified into perceptual and cognitive skills
[12], and the functions these two classes of skills
serve in speechreading, respectively.

The perceptual skills are required for enabling
extraction of as much information as possible from
the scarce information given as visual speech (e.g.,
to discriminate between two visemes). This calls for
automatic, fast and accurate bottom-up processing.
The cognitive skills are required to fill the gaps in
information given by the poor stimulus signal, that
is, to make a meaningful whole out of the
fragmentary pieces of information that the
perceptual skills provide, and they work in a top-
down fashion.

In previous research by our group, cognitive skills
have been more strongly associated with
speechreading skill than perceptual skills are [13,
14, 15]. We interpret this as a consequence of the
necessary information provided as optical speech
being so scarce, that however well this information
can be processed, perception alone is not sufficient
for successful speechreading. This allows for
cognitive skills such as verbal working memory
capacity and inference-making ability [16, 17] to
influence speechreading performance.

We will present a brief overview of research
conducted in our own laboratory, where the first
purpose is to present which paralinguistic cues have
been found to influence speechreading performance.
Secondly, to present hypotheses about how these
paralinguistic cues are utilised. Thirdly, to identify
some skills that are associated with speechreading
skill. Finally, to discuss some practical implications:
the importance of taking both skills and contextual
cues into account when developing and
implementing auditorily steered synthetic faces as
speechreading-based communicative aids.
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2. PARALINGUISTIC CUES

Due to the underspecification of the visual speech
signal, cues to the setting wherein the communi-
cation takes place [5, 6, 7] and to what emotion the
speaker experiences [8, 9, 10, 11] are important for
making correct inferences in visual speechreading.

2.1. Contextual Cues

For normal-hearing adult subjects, without
contextual cues, the speechreading performance for
sentences spoken by a human speaker is low [6, 7],
and sometimes not significantly higher than scores
obtained by mere guessing [6]. When contextual
cues are provided prior to the presented message,
speechreading performance can be raised up to 45 %
correct words in sentences [6]. For normal-hearing
adults that speechread from a synthetic face [18, 19],
the relative boost by contextual cueing is at the same
level as for a natural face in visual speechreading.
However, in audio-visual speechreading, (i.e., with
speech in noise), effects of contextual cueing are
relatively much larger for the synthetic face.
Performance in the synthetic face condition is then
almost doubled, whereas it is raised by less than a
third for the natural face [7]. One reason for this
outcome may be that the synthetic face has not as
good complementarity between those visemes that
are readily perceived visually and those speech
sounds that are relatively easy to hear in noise [20].
In any case, the lower intelligibility of synthetic
faces overall makes contextual cues even more
crucial to speech understanding.

Contextual cues can, thus, help the speechreader to
anticipate and disambiguate the fragmentary and
often diffuse stream of information that the visual
speech constitutes. They act by activating semantic
representations of what is likely to be said [6]. The
semantic context has to be provided prior to the
messages, in order to enable on-line inferences [5].
Hence, on-line inferences assist better in the
speechreading process than off-line inferences do
[5]. This can be explained such that correct initial
inferences provide a good basis for prospective
inferences. For example, when the first few words
are correctly identified in a sentence (which might
be facilitated by a script heading), the remaining
words of the sentence are relatively easy to
disambiguate or infer. If, on the other hand, the
speechreader has to infer what was said in retrospect
(i.e., to disambiguate off-line), there simply is no
optic input to match the inferences or predictions
against.

2.2. Emotional Cues

Emotional cues can provide information that is
beneficial for speechreading words and sentences
spoken by a human speaker, when combined with
contextual cues, and improves performance by up to
14 % (i.e., from 28 % to 42 % correctly rendered
phonemes) [11].

We see three rivalling hypotheses on how emotional
cues work in facilitating speechreading. The first
(denoted Motivation) is that displayed emotion acts
upon the speechreader's motivation for the task, and
thereby affects performance [8, 9]. The second
hypothesis (Context) is that displayed emotion acts
as contextual cues, and thereby provides guidance
for inferences. A third hypothesis (Definition) is that
displayed emotion gives more vivid or clear
articulation, and thus improves performance. We
will now discuss these hypotheses with respect to
empirical findings and what can be further made to
test them.

It was found in [8] and [9] that only positive
displayed emotion enhanced speechreading per-
formance, whereas negative emotions did not. The
authors therefore hypothesised that approach
behaviour [21] could be elicited if the speaker
displayed emotions that were interpreted as an
invitation to communication (i.e., if the speaker
smiled). This approach behaviour would lead to an
increase in the speechreader's motivation for
engaging in communication, which then would lead
to more effort being put into the speechreading,
which, in turn, would result in better speechreading
[8, 9]. To test this Motivation hypothesis, the
following design [11] was used.

Speechreading performance, how the speaker's
personality was perceived (i.e., impression
formation), and how motivated the participants had
felt during the speechreading task were measured.
Displayed emotion and intelligibility —were
manipulated with two levels each: illustrating
positive and negative versus neutral displayed
emotion; and easy vis-a-vis difficult sentences,
respectively.

The results showed an effect of displayed emotion
on motivation for the task: when a speaker displayed
positive and negative emotions that were congruent
with the emotional content of the message, the
participants rated higher on motivation for the task,
compared to when no (i.e., neutral) emotion was
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displayed. Displayed emotion also gave differences
in ratings of person impression, such that the
speaker was perceived as more extraverted when
positive and negative emotions were displayed as
compared to when no emotion was displayed. In
addition, both positive and negative displayed
emotion enhanced speechreading performance,
which was a replication of [10]. Intelligibility had an
effect on person impression, such that the speaker
was perceived as more extraverted when he spoke
sentences that were easy to speechread.
Intelligibility had, however, no effect on motivation
rating for the task. Further, there were, at a general
level, low and nonsignificant correlations between
speechreading performance and motivation rating.
Neither did perceived extraversion ratings correlate
significantly with speechreading performance.

Taken together, these results [11] suggest that
speechreading performance is not influenced by
either motivation, person impression; or by
behaviour along an approach—withdrawal dimension
[8, 9]. This means that only two of the three original
hypotheses remain in focus for our studies, namely
Context and Definition.

Previously, the Definition hypothesis has been
tested [9], by using over- and underarticulation, but
only between "happy" and "sad" displayed emotion,
and without comparing to a control condition
constituted by neutral facial expression. Further,
there was no normal articulation condition to use as
a comparison. Valid conclusions about the
difference between "sad" and "happy" displayed
emotion being due to definition (or to motivation, as
the author concludes) are therefore very difficult to
draw on basis of the data in [9].

In a present design [22], we are testing the
Definition hypothesis further by using a viseme
identification task (i.e., a VCV task) with and
without displayed emotion. The same design also
tests the Context versus Definition hypotheses in
word decoding and sentence-based speechreading,
by presenting the valence of each message either as
displayed emotion or as text (e.g., a cue-word).
Using synthetic faces [18, 19] for presenting spoken
messages with positive and negative valence will
further enable us to explore how displayed emotion
enhances speechreading performance. We can, for
example, examine what happens to speech and
emotion perception if articulation is held constant
whilst displayed emotion is manipulated in all other
facial parameters except the mouth; and if a default
facial expression improves speechreading perfor-

mance as much as more subtle and varying cues, as
in humans.

3. SKILLS

Skills are conceptualised as restrictions on how well
the combined information from lip movements,
context and emotion can be integrated and utilised.
They can be classified into perceptual and cognitive
skills, based on whether they capitalise on lexical
structures [12]. Cognitive skills such as a capacious
working memory and verbal inference-making
ability  together  with  intact phonological
representations are required in order for the
integration process to be successful [23]. Perceptual
skills such as physical matching speed or word
discrimination accuracy are not as closely associated
with speechreading skill [13, 14, 15], and this is
interpreted such that although they are necessary,
they are not sufficient for successful speechreading.
We argue that variations in perceptual skills
hypothetically only can have negative effects on
speechreading performance; that is, that low
information-processing speed and poor signal
detection can serve as a bottle-neck in information
processing [17]: if almost no linguistic information
is perceived, good speechreading accuracy is
consequently hard to obtain. However, within the
optical speech stimuli, there is still a relatively small
amount of information available regardless of how
well one can detect and process it, compared to how
much contextual cues can contribute.

In order for visual speechreading to be successful,
one must infer what the speaker is saying based on
the underspecified spoken signal as provided by the
speech movements and on contextual cues available
to help anticipate what the statement is to be about.
It must then be evaluated if the prediction was
accurate. If this was not the case, a new
interpretation of what was perceived must be made.
That is, a speechreader has to predict, identify,
decode, infer, evaluate and disambiguate the
message, and all of this has to be executed in a brief
period of time due to the characteristics of the
stimuli. The amount of information that can be
simultaneously stored and processed is determined
by working memory capacity. On a theoretical basis,
working memory is therefore hypothesised as being
crucial for extreme speechreading skill, as resources
for successful prediction and disambiguation are
spared only if the capacity surpasses a theoretical
threshold level [24].
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Empirically, case studies on deaf and severely
hearing impaired expert speechreaders [25, 26, 27]
have shown that they have superior working
memory capacities, as measured by a reading span
task [16]. In normal-hearing subjects, as much as 34
% of the variance can be explained by working
memory capacity [10]. Phonological processing
ability can account for as much as 35 % for those
who have acquired a hearing loss or deafness in
adolescence or adulthood [28]. Verbal inference-
making ability as measured by sentence completion
tests is also associated with speechreading
performance, both as a correlate in group data [13,
17] and also with extreme speechreading skill [12,
25, 26]. Given this, tests of critical cognitive
prerequisites, such as working memory and
phonological skills [28, 29], can be useful in guiding
decisions about what treatments and technical aids
might be suited for a hearing-impaired or deafened
individual. A clinical example is that there were
apparent preoperative differences in phonological
skills between cochlear implant patients that could
postoperatively follow conversations without seeing
the speaker, and those who could not [30].

4. SUMMARY

The basic premise in speechreading is that it is a
difficult and cognitively demanding task even when
visibility is good. The consequences are as follows:
first, paralinguistic information is useful to the
speechreader. Information presented as contextual
cues help the speechreader anticipate, disambiguate
and infer what is perceived; whereas emotional cues
also can enhance speechreading performance, by
acting as contextual cues or by improving definition.
Secondly, cognitive skills (e.g., working memory
capacity) are more closely associated with
speechreading skill than perceptive skills (e.g.,
visual discrimination speed) are, due to the signal
being so underspecified compared to the
contribution to speechreading performance from
contextual cues. Finally, displayed emotion in the
speaker affects both the speechreaders' motivation
for speechreading and their inferences of the
speaker's personality; however, motivation for the
speechreading task and inferences about the
speaker's personality do not affect speechreading
performance.

5. PRACTICAL IMPLICATIONS

With regard to how synthetic faces as communi-
cative aids should be designed and presented, it is
important to bear in mind that good intelligibility
does not suffice when close to nothing can be
perceived auditorily, since the visual speech signal
is underspecified even under good -conditions.

Hence, paralinguistic information is required for
enabling correct inferences. It therefore follows that
it is essential that at least contextual cues are
provided when presenting speech via synthetic
faces, as they have somewhat worse intelligibility
compared to natural faces.

With regard to who is suited to be a user of synthetic
faces as an aid for communication and who is not,
cognitive and perceptual skills should be considered.
Speculatively, low capacity in working memory or a
general low processing speed seriously impede
chances of ever being able to speechread well
enough to base communication on speechreading.

Observing a face that is dynamic in displaying
emotions is more compelling to the speechreader
than observing a neutral face [11]. This also calls for
consideration when constructing and implementing
communicative aids, since motivation for using an
aid might be affected by both objective usefulness
(i.e., efficiency of communication), and subjective
comfort with the device [31]. In any case, user
satisfaction can be regarded to be as important as
objective usefulness. This means that appearance
can have a value in itself, as long as it is not at the
expense of objective usefulness.

Conditions for successful speechreading with
synthetic faces as communicative aids can be
drastically improved. First, aid users and those who
are to communicate with them should be encouraged
to keep to one subject at a time in dialogues. This
allows for good predictive inferences, as the topic is
a useful contextual cue. Secondly, parallel
communication with key-words or speech-to-text
subtitling should be optional for the user.
Preferably, these options should be voice-cued, such
as "subtitling on" and "subtitling off". Subtitles
could be used to keep track of the topic (i.e.,
context). Finally, displayed emotion in the synthetic
face has the potential of enhancing speech
understanding, and also to increase the user's
satisfaction with the device. Therefore, it would be
useful to start by including an option for the user to
choose displayed emotion in the synthetic face,
which could also be voice-cued (i.e., "face happy",
"face disgusted").
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