Neuroscientists find the brain can identify
images seen for as little as 13 milliseconds
16 January 2014, by Anne Trafton
which shift their gaze three times per second, to
their next target, Potter says. "The job of the eyes is
not only to get the information into the brain, but to
allow the brain to think about it rapidly enough to
know what you should look at next. So in general
we're calibrating our eyes so they move around just
as often as possible consistent with understanding
what we're seeing," she says.
Other authors of the paper are former MIT postdoc
Brad Wyble, now at Pennsylvania State University,
postdoc Carl Hagmann, and research assistant
Emily McCourt.
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Rapid identification

After visual input hits the retina, the information
flows into the brain, where information such as
Imagine seeing a dozen pictures flash by in a
shape, color, and orientation is processed. In
fraction of a second. You might think it would be
impossible to identify any images you see for such previous studies, Potter has shown that the human
brain can correctly identify images seen for as little
a short time. However, a team of neuroscientists
as 100 milliseconds. In the new study, she and her
from MIT has found that the human brain can
process entire images that the eye sees for as little colleagues decided to gradually increase the
as 13 milliseconds—the first evidence of such rapid speeds until they reached a point where subjects'
answers were no better than if they were guessing.
processing speed.
All images were new to the viewers.
That speed is far faster than the 100 milliseconds
suggested by previous studies. In the new study,
which appears in the journal Attention, Perception,
and Psychophysics, researchers asked subjects to
look for a particular type of image, such as "picnic"
or "smiling couple," as they viewed a series of six
or 12 images, each presented for between 13 and
80 milliseconds.

The researchers expected they might see a
dramatic decline in performance around 50
milliseconds, because other studies have
suggested that it takes at least 50 milliseconds for
visual information to flow from the retina to the "top"
of the visual processing chain in the brain and then
back down again for further processing by so-called
"re-entrant loops." These processing loops were
"The fact that you can do that at these high speeds believed necessary to confirm identification of a
particular scene or object.
indicates to us that what vision does is find
concepts. That's what the brain is doing all day
long—trying to understand what we're looking at," However, the MIT team found that although overall
performance declined, subjects continued to
says Mary Potter, an MIT professor of brain and
cognitive sciences and senior author of the study. perform better than chance as the researchers
dropped the image exposure time from 80
This rapid-fire processing may help direct the eyes, milliseconds to 53 milliseconds, then 40
milliseconds, then 27, and finally 13—the fastest
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possible rate with the computer monitor being used. because in some cases subjects weren't asked
whether a specified image was present until after
"This didn't really fit with the scientific literature we they had seen the sequence.
were familiar with, or with some common
assumptions my colleagues and I have had for
"If images were wiped out after 13 milliseconds,
what you can see," Potter says.
people would never be able to respond positively
after the sequence. There has to be something in
Potter believes one reason for the subjects' better the brain that has maintained that information at
performance in this study may be that they were
least that long," she says.
able to practice fast detection as the images were
presented progressively faster, even though each This ability to identify images seen so briefly may
image was unfamiliar. The subjects also received help the brain as it decides where to focus the
feedback on their performance after each trial,
eyes, which dart from point to point in brief
allowing them to adapt to this incredibly fast
movements called fixations about three times per
presentation. At the highest rate, subjects were
second, Potter says. Deciding where to move the
seeing new images more than 20 times as fast as eyes can take 100 to 140 milliseconds, so very highvision typically absorbs information.
speed understanding must occur before that.
"We think that under these conditions we begin to
show more evidence of knowledge than in previous
experiments where people hadn't really been
expecting to find success, and didn't look very hard
for it," Potter says.

The researchers are now investigating how long
visual information presented so briefly can be held
in the brain. They are also scanning subjects'
brains with a magnetoencephalography (MEG)
scanner during the task to see what brain regions
are active when a person successfully completes
The findings are consistent with a 2001 study from the identification task.
researchers at the University of Parma and the
University of St. Andrews, who found that neurons
in the brains of macaque monkeys that respond to
Provided by Massachusetts Institute of
specific types of image, such as faces, could be
Technology
activated even when the target images were each
presented for only 14 milliseconds in a rapid
sequence.
"That was the only background that suggested
maybe 14 milliseconds was sufficient to get
something meaningful into the brain," Potter says.
One-way flow
The study offers evidence that "feedforward
processing"—the flow of information in only one
direction, from retina through visual processing
centers in the brain—is enough for the brain to
identify concepts without having to do any further
feedback processing.
It also suggests that while the images are seen for
only 13 milliseconds before the next image
appears, part of the brain continues to process
those images for longer than that, Potter says,
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