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WHEN WE TALK, WHO IS LISTENING?

We did an experiment to figure out what happens
when we hear ourselves make a slip of the tongue -
we will call it a speech error. The participants in
our experiment talked through a microphone and
wore headphones, which we used to play back what
they said while they were talking (there was almost
no delay, so they heard each word through the
headphones at the same time as they said it). Our
goal was to scan the brains of these participants in
two conditions: when they spoke correctly, and when
the words did not sound right.

However, it is difficult to study real speech errors,
because you have to wait for them to happen.

So here is the trick: we fooled the participants
into thinking they had made an error. Most of

For the most part, we talk because we want to communicate with others: our friends,
parents, teachers, even pets. Our voice carries our message to other people’s ears.
However, they are not the only one listening: when we talk, we can hear ourselves with our
own ears as well. Do we pay attention to the sound of our own speech? Listening to what
we say would be very useful, because we could listen for mistakes in our speech and make
sure that we fix them so the right message gets across. How does our brain react when we
hear ourselves make a mistake while talking?

the time during the experiment, they heard their
own voices normally, but occasionally, they said
one thing and heard another. How did the trick
work? First, we took the words that were picked
up by the microphone, and we used a computer to
change the way the words sounded. We changed
the vowel (A, E, I, O, U) and left the rest of the
word as it was. Then, we played the new changed
sound to their headphones (see Figure 1 for an
illustration and sound clips). For example, if a
participant said “bed,” they might have heard
“bad” come back through the headphones. With
fast computers, we can record, change, and play
back the words extremely quickly (seventeen
thousandths of a second!). It sounds so natural
that many participants did not even notice that
anything out-of-the-ordinary had happened.
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FIGURE 1 - Diagram of a normal word production (left) and the one that has
been altered to sound like an error (right).

THE BRAIN LISTENS FOR ERRORS

Even though most of the participants could

not consciously tell that their speech had been
changed, their brains noticed the difference! The
auditory cortex is the part of the brain that sits
behind your ears on both sides, and it processes
audio - that is, sound, including speech. We
used a brain imaging technique called functional
magnetic resonance imaging (fMRI) to measure
the activity of this brain area when people were
speaking and listening to themselves. Part of the
auditory cortex activated more to errors - the
times when we changed the sound - than to
normal speech (Figure 2) [1, 2].
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FIGURE 2 - Brain areas that are more active during “errors” than during
normal speaking.

WHAT IS THIS INCREASED ACTIVATION
DOING?

It turns out that the more your auditory cortex is
active, the more you change the way you are talking

to fix your “mistakes,” undoing the changes that the
computer applies. For example, let us say we asked the
participants in the experiment to say the word “bed”

All spoken words are made up of frequencies, which
are properties of sound that we can use to tell apart
different vowels. When the computer made some of
the frequencies in the sound higher, making “bed”
sound like “bad,” the participants automatically low-
ered those frequencies, saying something more like
“bid.” This canceled out the effect of the computer so
that the headphones were playing something closer
to the right sound: “bed.” When the computer made
some of the frequencies sound lower, turning “bed”
into “bid,” this time the participants raised those
frequencies, saying something more like “bad.” Again,
this canceled out the effect of the computer so that
they heard the right sound, “bed,” through the head-
phones. Remember, many of them did this without
even noticing that anything was going on! They did
not know they were actually saying “bid” and “bad”
to get the sound to come out right. Furthermore,
they made these changes before the word was over:
they only took about a tenth of a second to start
pronouncing the word differently [3, 4].

WE CAN CORRECT OUR SPEECH WITHOUT
EVEN KNOWING IT

Sometimes, we notice that something we said did not
sound quite right, and we correct ourselves (“oops,
what I meant was.”). In this study, we showed that
people can correct an error in their speech even
before they have finished saying the word, without
ever even noticing that they are doing it. This
suggests that, in day-to-day conversations, we can
automatically correct ourselves to fix mistakes as they
are happening.

We also showed that the auditory cortex becomes
more active during these errors, and that people
with stronger activity in this area did a better job
correcting the errors. Therefore, identifying and
fixing these speech errors happens with the help of
the auditory cortex. Our brains probably use this
automatic error-correction process all the time as we
speak, keeping us on track and saving us from a lot
of mistakes. Think about that the next time you hear
a slip of the tongue!
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GLOSSARY
Auditory cortex The part of the brain that processes
sound.

Frequency A property of sound that we can use to
tell apart different notes of a song, different voices,
and different vowels.

Speech error Saying one thing when you mean to say
something else.
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I am in year 2 at school. Once we went on a journey in
our bikes to the next city. When I was 4, [ went to the
heart of Borneo rainforest. There, we had to boil water
and we did not have any blankets and cushions, we just
had to sleep with nothing to sleep with. My favorite sport
is football. When I was a subject in an experiment, I told
the experimenter that I love science.

How does the way we hear influence the way we talk? I
study the neuroscience of speaking: how the brain controls
the words and sounds that come from our mouths. I also
like composing music, solving puzzles, designing graphics,
and boating.

Isabella, 11 years old

I live in England after having lived in America and
Germany. [ have wandered holy land, and I have slept
under noisy ape-filled trees in a rainforest. I was first
among the girls to play football at school and recruited
lots of friends to join. I enjoy fencing. Sometimes I
compose music with guitar and violin. In my free time,
I draw, read, write, and play tag. Performing science
experiments is fun! I have also been a subject in experi-
ments!
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