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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 
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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. 
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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 
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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. 
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