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ABSTRACT

Which brain networks support simple silent
speechreading (identifying spoken numbers by eye
alone)? We summarize recent fMRI findings that
show auditory cortex is reliably activated by seen
speech. Activation of these regions is robust under
numerous testing conditions, and parts of the
network are specific to speechreading rather than
viewing faces performing rhythmic lower face
movements that cannot be construed as speech
(facial gurning).

In one adult with a longstanding malfunction of
auditory cortex, speechreading was both
functionally impaired and cortically anomalous.
Areas traditionally described as auditory cortex are
probably specialized for the perception of natural
segmented language, rather than for the perception
of heard signals.

1.  AUDITORY CORTEX
(BA 41, 40, 42 and 22) IS ACTIVATED BY

SPEECHREADING

Classical neurological studies of lesions in human
cerebral cortex have indicated the speech-
processing regions of the brain [1]. Many of these
insights have been confirmed and refined by recent
brain imaging techniques [2]. The primary
reception area for heard speech (primary auditory
cortex, BA 41) is located in a restricted area, lying
near the middle of the lower lip of the major lateral
“fold” in the human cortex, the sylvian fissure.
Patients with bilateral destruction of this region
show cortical deafness: they are unable reliably to
report the identity of a spoken utterance, or of a
musical or environmental sound [3]. Secondary
(association) cortex surrounds this restricted
cortical area, and receives projections from it, and
is on the lateral surface of the temporal lobe (BA
22,42 – superior temporal gyrus). These regions
occupy the length of the superior temporal gyrus
(ridge) along the lower lip of the sylvian fissure,
extending up to the supramarginal gyrus (SMG -
BA 40)

Figure 1:  A schematic view of the brain (LH), showing
secondary auditory cortex (BA 22 and BA 42) and primary
auditory cortex (BA 41) – all on the superior temporal gyrus.
The approximate positions of the sectional scans in Figures
2 and 3 are also shown. BA 40 occupies the supramarginal
gyrus (SMG- lateral parietal-temporal junction) and is also
considered part of secondary auditory cortex.

In patients with destruction of this region after
language has been normally acquired, even when
damage is confined to the left hemisphere, the
perception of heard speech is impaired, although
intact speaking skills (fluency) can often be
demonstrated.  The linguistic function of the
superior temporal gyrus (STG) may not be
determined solely by auditory experience, for there
are suggestions that this region is implicated in the
perception of sign language by native deaf signers
[4-6]. STG also has a role in “reading-for-sound”,
in tasks such as detecting rhyme in word pairs of
different spellings, and in verbal working memory
tasks such as digit or word span [7-10]. One
common feature of tasks that specifically activate
STG (BA 42) is that they appear to involve the
segmental structure (phonology) of the language.

In the first fMRI study of speechreading [11], STG
(including both BA 22 and BA 42) was bilaterally
activated by silent speechreading, both for
meaningful words (Experiment 1, see figure 2 for
images and task description) and meaningless
(pseudoword) utterances (Experiment 2).
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Speechreading also activated primary auditory
cortex bilaterally: the area of overlap of activation
for a listening-to-speech condition and a silent
looking-at-speech condition included BA 41.

Figure 2: This enhanced image (see [11] for full color
original images and for the separate activation patterns (for
hearing and for speechreading) was averaged over five right-
handed subjects. Three consecutive sections are shown, as
indicated in Figure 1.

The light areas are those that are active when both hearing
speech and seeing silent speech were the test conditions.
They include BA 41 (primary auditory cortex) and parts of
BA 42 near the supramarginal gyrus, bilaterally. The hearing
task was listening to spoken numbers (baseline condition–
\no sound, no vision); the speechreading task was watching
the silent videotape of the same speaker speaking numbers
(baseline condition–still face). The top of each image is the
front of the head, left-of-image is right-of-subject, following
clinical tradition.

It is therefore possible to activate a hearing area of
the brain by looking at an appropriate stimulus.
Because this has not been demonstrated before, its
reliability needed to be established.

In two further studies we, firstly, explored  the
effects of separating scanner noise from
speechreading and, secondly, conducted a whole-
brain detailed description of direct comparisons
between speechreading and gurning (face
movements that cannot be construed as speech).
Both experiments were run on new subjects. In
both studies, the task for the subject was similar to
that outlined in the pioneer study [11].
Speechreading required the subject to “mentally
rehearse the numbers between one and ten that you
see being spoken” as numbers were spoken at a
rate of one per 1.5 seconds. In the gurning tasks,
which alternated in blocks with those for
speechreading, subjects were required to “mentally
count the number of face actions you see.”

2.  DOES ACTIVATION OF AUDITORY
CORTEX BY SEEN SPEECH REQUIRE

SCANNER NOISE?

Undergoing a fMRI scan is a noisy procedure:
each of the scans generated by the magnet
generates a burst of white noise, typically in a

repeated rhythm as the sequence of scans is
collected.

When hearing subjects are presented with acoustic
inputs, such as spectral speech envelopes that
carry no phonetic information, synchronized mouth
actions make speech accessible and can lead to the
impression that speech has been heard [12]. It is
possible that our previous findings reflected
auditory cortex activity from a combination of
meaningless noise and seen mouth action. That is,
if speechreading can recruit noise to form an
impression that speech was heard, then activity in
auditory cortex could result from this perceptual
illusion.

MacSweeney et al. [13] have now explored
patterns of brain activation when scanner noise and
silent speech are separated in time, using analysis
of cortical activity for single experimental
exposures  (event-related measurement). fMRI tags
the cortical hemodynamic response to neural
activity, and lags it by up to 5 seconds from task
onset. Thus, a speaking face observed in complete
silence and scanned five seconds later can generate
the relevant cortical activation. Under these
exposure and collection conditions, patterns of
brain activity in five right-handed hearing subjects
concur with those reported previously.  Seeing
speech activated auditory cortex–even when this
was not accompanied by scanner noise.
Furthermore, these patterns occurred for short (3
second) exposures to seen spoken numbers, from a
new videotape of a new speaker, seen half-full-
length. In the earlier study the lower half of the
speaker’s face filled the TV monitor.

3. SPECIFICITY  AND EXTENT OF
ACTIVATION–GURNING AND

SPEAKING FACES

To what extent is this pattern of cortical activation
specific to seeing speech, to what extent may it be
found when a face is viewed in non-rigid
movement? Activation of BA 22, the lower part of
STG, by images of a face in movement, especially
lateral movements of the eyes and “nonsense
movements” of the mouth, has been reported [14].
That study was not designed to explore
speechreading, and subjects were not required to
identify the mouth movement patterns (mouth
opening and closing) as speech. Thus it is possible
that any movement of the relevant parts of the face
could produce the relevant activation pattern.

Calvert et al. [11, Expt. 2] investigated cortical
activity generated by movements of the lower face
that could not be construed as speech. These



gurning movements looked like chewing (no mouth
opening), with some twisting of the mouth, and
were performed at the same rate as speech
movements.  These gurning displays did not
activate auditory cortex as extensively as
speechreading, although BA 22 was activated by
viewing gurning faces. However, that study was
only able to compare speechreading and gurning
indirectly in separate sessions.

A replication study with seven new subjects has
now contrasted speechreading and gurning directly
as part of a larger clinical study [16]. This
extended earlier work by analyzing more brain
regions (greater number of scans), and has also
obtained behavioral measures of speechreading,
using an audiovisual susceptibility test [15]. The
test material for scanning was that used by Calvert
et al. [11], but a within-subject design was applied.
That is, all subjects performed two tasks in an
order counterbalanced across subjects. One of
these was a number speechreading task (baseline
condition–watching a still face) and the other a
gurn-counting task (baseline condition–watching a
still face). Among the important findings analyzed
so far are these [16]:

• speechreading again activated auditory
cortex, bilaterally, including large parts
of BA 22, 42 and including BA 41;

• facial gurning activated some parts of
BA 22, especially in the RH; the areas
activated by gurning did not extend to
the superior marginal gyrus (BA 40);

• activity specific to speechreading was
also evident in the cerebellum and in the
frontal cortices (BA45, 44) and in visual
cortex, including primary visual cortex
V2 and V3;

• the activation pattern specific to gurning
included some parietal and subcortical
structures. These were precuneus,
anterior cingulate, bilaterally, and right
cerebellum;

Gurning activated several of the same sites as
speechreading, including secondary visual cortex
(BA 19, 37) as well as BA 22. The observed
differences between activation patterns are unlikely
to reflect differences in the stimulus characteristics
as signal-patterns. Although the cognitive demands
were similar in the two tasks (counting “gurns”
and  “repeating-to-yourself” the lip-spoken
numbers), mental activity related to task
instructions must relate to the observed distinctive
patterns.

Several of the cortical and subcortical sites
activated by silent speechreading have been

implicated in other imaging studies of language
that require the internal production of speech [e.g.,
7-10]. Some are also involved in the processing of
sign language [4-6,17]. Some of them are also
indicated in studies of biological movement,
including movement of other face parts [15]. What
is special about speechreading therefore appears to
be the recruitment of these areas to tasks that
involve both auditory speech and visual analysis in
a linguistic manner–and specifically in
phonological analysis. It further seems that the
region of  the superior temporal gyrus close to the
superior marginal gyrus (parts of BA42) is
especially important for this.

4.  SPEECHREADING WHEN
AUDITORY CORTEX FUNCTIONS

ANOMALOUSLY

Landau-Kleffner syndrome (LKS) is an acquired
aphasia of childhood, with epilepsy.  Its onset in
mid-childhood, after the normal acquisition of
language, is indicated by progressive mutism and
deafness for speech. In LKS, electrical activity in
lateral parts of the temporal lobe of the speech
hemisphere appears abnormal, typically with slow
spikes in sleep [18]. Neuropsychologically it could
be considered a form of early-onset cortical
phonological deafness, for usually speech-sound
perception is specifically impaired, while
nonspeech sounds may be accurately identified.

Patient SC was diagnosed with LKS at 7 years and
is now 29 years old. His tested auditory
recognition vocabulary was at the level of a 4-
year-old, while his reading recognition vocabulary
was that of an 8-year-old. Better identification of
read than heard words has been reported in other
cases of LKS [19], and reflects the specific
difficulty in understanding auditorily presented
speech.

While he seemed to show some sensitivity to seen
speech in an audiovisual task, effects were
unsystematic. Moreover, he  was unable to identify
speech-read numbers reliably, except for the
numbers “2” and “8”.

To the extent that he identified spoken words
accurately he did not use phonological fragments
or cues. Furthermore, he could not detect spoken
phonetic feature differences reliably, and he was
unable to judge written words on the basis of their
de-composed phonological forms. Thus, while he
was able to match written words to pictures
reasonably well (see above), written rhyme
judgment was impossible–yet he had good
metalinguistic insight and was able to judge the



sounds of words as a whole. He spontaneously
indicated that the word “watch” was a homophone.

SC’s debilities are profound at the phonetic and
phonological level.

Figure 3: Three consecutive sections, at similar levels to
figure 2, show SC’s activation pattern when lipreading
(light areas).  There is little activation in auditory cortex,
instead frontal (as well as visual) areas are active. This
pattern has not been observed to date in any other individual
scanned while speechreading.

SC cannot use speechreading to ameliorate his
auditory language processing problems, unlike a
deafened person. fMRI failed to show  reliable
activity in auditory cortex in speechreading.  To
the extent that he can speechread, SC may try to
use articulatory processes. The scans (figure 3)
showed extensive frontal activity included Broca’s
area.

Interestingly, when listening to speech, primary
auditory cortex (BA 41) was active, despite SC’s
inability to interpret heard speech as speech. One
interpretation of this anomalous pattern is that
normal auditory speech processing involves
automatic recruitment of secondary auditory
cortex. Should this be blocked, as is probable when
STG is functioning poorly, BA41 may become
functionally and structurally isolated and relatively
over-active. SC finds ambient sound
uncomfortable at lower intensity levels than most
people. This demonstration highlights the fact that
cortical activity does not bear a transparent
relationship to functional specialization.

5.  CONCLUSION AND DIRECTIONS

Silent speechreading by hearing people activates
auditory cortex. To some extent this is
unexceptional: a range of other language tasks,
including many reading tasks, also activate the
critical cortical sites. Speechreading, however, may
be especially close to audition in cortical as well as
functional ways. Primary auditory cortex can be
activated by speechreading. To date, primary
auditory cortex has not been demonstrated to be
active for any silent reading task. Activity in the
upper–more caudal and dorsal -  parts of the STG

(BA 42), up to and including the supramarginal
gyrus, is very marked in speechreading tasks. This
is not the case when viewing a face that is moving
but not speaking (gurning). Naturally moving faces
(and other biological events) activate the lower
parts of the STG (BA22). This region appears to
be multi-functional, possibly specialized for the
analysis of dynamic events in terms of their
components. However, phonological analysis–
especially in relation to spoken language–recruits
areas closer to the supramarginal gyrus.

5.1. Vision

Although this short review has focused on auditory
association areas in trying to delineate the
networks used for speechreading, cortical visual
processing mechanisms are implicated very
strongly (though not necessarily selectively) in
speechreading.  Viewing a speaking face activates
area V5, sometimes called movement cortex (MT)
on the basis of its homology with a primary visual
area specialized for the detection of motion in other
mammals. Secondary (associative) visual cortex
specialized for the analysis of visual movement
(BA 19) was also active when viewing a moving
rather than a stilld face, as was evident from the
comparisons between the experimental (ON)
conditions and the baseline (OFF) conditions in the
reported speechreading studies [11,16]. Further
activation of visual areas has been observed in a
number of our speechreading conditions. One
question for further research is this: Does activity
in these and other areas of interest correlate with
visual susceptibility (“McGurk-prone-ness") in
audiovisual speech tasks? Preliminary data
suggests that V5 activation, particularly, may be
sensitive to susceptibility to visual speech under
incongruent audiovisual exposure conditions [16].

5.2. Laterality

Laterality for speechreading is less marked than
for hearing speech; most activation patterns in the
studies reported here were bilateral, both in (all
right-handed) individuals and groups. This fits
with earlier clinical and neuropsychological studies
which show lateralization of seen speech can
switch depending on task demands [20].
Speechreading may sometimes make special use of
input analyzers that are more efficient in the RH.
The same may be true for the perception of sign
language [5]. However, the precise conditions
under which visible speech recruits lateralized
components remains to be determined.

It should be noted that because fMRI reflects
sustained activity, it cannot directly indicate which
of a number of different regions, or hemispheres, is
recruited first to the task, nor which the critical



areas may be for recruitment of a specific network.
Indirect methods, requiring careful task design,
may be needed to explore this question.

5.3   Deafness

We are currently investigating the localization of
speechreading in deaf individuals. To date, the
findings resemble those for hearing people.
“Auditory cortex”, as defined in this paper,
appears to be activated by viewing lipspoken
numbers in the prelingually deaf. Questions
addressed in our current work include the
following: What is the role of BA 41 (primary
auditory cortex) in speechreading in prelingual
deafness?  How may individual language affiliation
(speech-oriented or sign-oriented) and individual
differences in speechreading ability relate to
cortical areas active for speech and sign? To what
extent do the networks for seeing speech and for
seeing sign differ, and to what extent to they
resemble each other in  deaf and in hearing
populations?
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