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Broca’s area (BA) is crucial for normal speech production, but its role in speech comprehension
remains controversial. We used repetitive Transcranial Magnetic Stimulation (rTMS) to reveal
that briefly disrupting BA impairs discrimination of visual speech oral movements, but not
visual non-speech oral movements. This provides direct evidence that BA is useful in the
perception of visual speech information. We demonstrate that the region of the brain
responsible for producing speech has a role in the visual perception of speech information, and
importantly is not involved in the visual perception of oral movements (gurning) unrelated to
speech. Because disrupted performance was observed for speech movements and not
nonspeech movements, our data suggests that this form of perception does not benefit from an
amodal mirror neuron system general enough to be recruited in the processing of common
mouth movements irrespective of their relation to speech. We propose that BA is recruited in
the perception of speech because of its role in producing speech.

There is clear evidence that a region of left inferior frontal gyrus is required for normal speech
production: permanent injury in it results in non-fluent halting speech (Broca’s Aphasia), while
transient disruption using rTMS leads to momentary speech arrest [1]. We refer to this region
as “Broca’s area”. In our study BA is functionally defined as the inferior frontal region where
rTMS inhibits fluent speech production.

This region’s role in language comprehension remains speculative. For example, individuals
with injury to BA can have difficulty comprehending syntactically complex sentences [2,3].
Brain imaging studies routinely show activity in BA during speech perception [4], these
techniques cannot inform causality. A TMS pulse applied to the face area of the motor cortex
causes the lips to more twitch when an observer is listening to speech. Twitch amplitude was
found to correlate with PET activity in BA [5].

There is evidence that motor regions of the left frontal cortex, not specific to language, are
critical for speech perception. rTMS of the dorsal premotor area impairs speech perception,
but not color or tone discrimination [6]. This is interpreted as supporting a role for mirror
neurons in motor speech perception.

We extended these previous findings by directly investigating BA’s role in visual speech
perception. We hypothesize that BA is specifically required for visually perceiving speech
movements, but not for the same perception of general (non-speech) oral movements. It is
possible that BA is involved in both speech and non speech perception because of its mirror
neurons’ ability to mirror and then use this information to recognize many types of actions —
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for example the proposed monkey homologue of BA (area F5) clearly responds to non-
linguistic behavior [8]. Alternatively, it is possible that this region is recruited for its specialized
role in the perception of speech movements. We asked participants to observe silent videos
that showed either speech movements or non-speech movements (gurning). The task was to
judge whether two sequentially presented videos showed the same mouth movement. We
predicted that disrupting BA would specifically impair performance on trials that benefit from
identification of the phonemic content of the speech movements. So, disruption would not
hinder the processing of non speech stimuli. Therefore, disruption would be dissociable from
the contributions of mimicry, as mimicry would be expected to equally benefit task
performance on such similar stimuli irrespective of relatedness to speech.

One potential confound with any TMS study are its side effects: TMS pulses generate a cracking
sound and induce contractions of the scalp muscles. Therefore, it can be difficult to determine
whether the effects of rTMS reflect brain disruption or the side effects of TMS. In order to
optimally control for the confounding effects of these side effects, our sham trials triggered a
second TMS wand oriented away from the scalp (mimicking the sound of the TMS trial, but
not stimulating the brain) as well as cutaneous electrical shocks that were calibrated to produce
the sensation and muscle contractions of the rTMS trial [9]. rTMS trials were randomly
interleaved among sham trials. This choice of sham is optimal. Stimulating a different part of
the left hemisphere would cause different sensation and muscle contraction. Stimulating the
right hemisphere analogue of BA would generate sound and muscle twitching in the opposite
hemisphere. Stimulating the right hemisphere analogue would be expected to interfere with
BA processing due to the strong connections between these anatomically analogous regions in
either hemisphere. And, we had a very strong hypothesis about BA, specifically.

The response times from 18 individuals were analyzed using 2×2 repeated measures ANOVA
(all with 1,17 degrees of freedom), with the factors of oral movement (speech vs non-speech)
and disruption (TMS vs Sham). A significant main effect was found for oral movement
(F=17.1, p<.0007), TMS disruption (F=5.43, p<.0320), as well as an interaction (F=5.29, p=.
0340). The interaction effect matches our predictions - with TMS specifically slowing the
discrimination of speech relative to non-speech movements (Figure 1). An analogous analysis
of errors revealed no effects for oral movement (F=0.06) or disruption type (F= 1.61), and the
interaction did not quite achieve significance (F=3.93, p <0.064). Crucially, the trends revealed
by this interaction are in the same direction as the significant effect reported for response times,
discounting a speed-error tradeoff.

Our novel paradigm could be adapted to elucidate this perceptual function and related theory.
In particular, future work could contrast stimulation of BA with its right homologue and other
cortical areas. While our focus was limited to visual stimuli, future research could contrast
speech sounds to non-speech sounds. Another potential improvement would be to better control
the difficulty and naturalness of the speech and non-speech stimuli. This would address the
potential task difficulty bias in our task, where there was a trend for faster responses for non-
speech items. According to this account, our observation reflects the fact that disruption
preferentially interferes with a more challenging task. However, we feel this explanation is
unlikely. First, the response time trend for sham conditions was not significant (t=2, p < 0.061).
Second, the opposite trend was seen in error rates (t=1.07 p<0.3). Therefore, while participants
tended to respond more quickly for the non speech stimuli, they also tended to be less accurate
for these stimuli.

Our study provides compelling evidence that BA is important for the visual perception of
speech movements, and as we predicted, disrupting BA did not significantly effect the
perception of non-speech movements. This double dissociation argues against a role for the
involvement of an amodal mirror neuron system located in or around or utilizing BA for speech
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perception. We believe BA evolved to be specialized for the production of speech movements.
This intimacy with the motor behavior that gave rise to language is why BA is recruited during
speech perception, not its role in mimicry. We believe this facilitation is in line with more
traditional motor theories of speech perception [7], and should not be attributed to the venerable
mirror neuron [10].
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Figure 1.
TMS applied to the Broca’s area specifically impairs the ability to discriminate videos showing
speech but not non-speech oral movements. The task was to discriminate if two successive
videos showed the same or different lip movement. The horizontal axis shows performance
with trials where the videos showed speech movements versus non-speech gurning (with error
bars showing the range of standard errors). The vertical axis of the left panel shows response
time while the right panel shows accuracy. Broca’s area was disrupted on half the trials (TMS,
red lines) and not disrupted on the remaining trials (Sham, blue lines).
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