THE BRAIN
AND ITS
MYSTERIES

Term 3

Welcome back!

You can view the article | wrote about a recent seminar | attended on Alzheimer’s
Disease through the Box Hill UBA ENews site, thank you Manfred!

https://u3aboxhill.com.au/wp/2024/07/16/21/57/breaking-new-ground-in-
alzheimers-research/



Today we are going to talk about vision, one of the most fundamental ways that
we navigate the world around us!



Eyes are the window to the soul, but also a window to the brain!




We’re going to go on this roundabout tour through the brain’s visual system, and
hopefully all of these seemingly disconnected things will make sense by the end!
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Neuroscience studies the whole nervous system, the brain and all of its nerves.
That means the eye is well within the domain of neuroscience, with the retina
having a complex set of light-sensitive nerves that send visual information to the
brain. But the eye isn’t the full story for vision, and today I’ll use this pathway to
try to convince you that we don’t see with our eyes, we see with our brain!
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Last week we looked at parts of the temporal lobe, and learned that it was crucial
for forming new long-term memories. Today we’ll look at the occipital lobe,
because it contains the primary visual cortex. This is where information from the
retina ends up, after it travels along the optic nerve and through another brain
structure called the thalamus.




So: when we see a beautiful image like this one of Blenheim Palace, how do we
do it? How do we see?



The neuroscientist’s approach is to look right down to the level of cells. If we can
understand how individual brain cells contribute to vision, maybe we can
understand how the brain sees.




David H. Hubel (left) and Torsten N. Wiesel (right) worked together at Harvard
University and did some groundbreaking experiments using the visual system of
a cat. Let‘s look at their most famous experiment, conducted in 1963, together!
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This was the basic setup. An anaesthetised cat looked at a screen while an
electrode placed in the visual cortex of its brain was recording the activity of
neurons.
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As you can see in the videos, particular neurons in the cat’s brain were sensitive
to a very specific property in the cat’s visual world: the orientation of a bar. This
might seem meaningless (when do we ever look at a bar in everyday life?) but this
is just the first building block in a very complex pathway, and this is the first time
that we were able to see it in action.
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"for their discoveries concerning information processing in the visual system"

For this, Hubel and Wiesel were awarded the Nobel Prize in Physiology or
Medicine
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But orientation of a bar was just the start! In years and decades following that
experiment, other neurons were discovered that were sensitive to other

properties of the visual world.
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We call these neurons ‘feature detectors’, because by analysing the input from
lots of neighbour neurons, they can identify a specific feature of the
environment. The craziest part is that this all happens unconsciously, before you
even ‘see’ anything! The features of what we see are inseparable from the act of

seeing itself!
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‘higher order’ visual processing

And even that is just the start! ‘Higher order’ visual areas process more and more
complex elements of our visual field, and again, this process is almost
completely unconscious!
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This is a video reenactment of a patient that wasn’t able to process movement
information —the cells that would normally detect this feature of the environment
weren’t working correctly, and that meant she wasn’t able to see normally. This
helps to show us that we don’t just see frame by frame — features like movement
are embedded into every sight that we see!
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‘higher order’ visual processing

You might have noticed there’s a region for faces! Let’s have a look at what it’s
like for this region not to work:
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Hopefully, by showing you that we need this entire visual pathway to see some of
the most important parts of our world, you see what | mean when | say that we
see with our brain. Of course we need our eyes, but many parts of the brain need

to work together to allow us to see.



The Camera’s Eye Paradox

A final thought: we often use our understanding of today’s technology to
conceptualise what our body does. We see our brains as being similar to
computers, and it’s tempting to think of our visual system as a camera, capturing
the outside world pixel by pixel, exactly as it is.

While cameras share many features of our eyes, it’s not quite that simple —we
can’t even imagine what it’s like to see pixel by pixel, because our brain
instantaneously presents us with the many important features of a visual scene.
We can’t see a face without our brain processing it as a face, just as we can’t see
a word without reading it. The paradox is that we can’t ever know what the apathy
of a camera for features looks like — we can’t look at a photograph without
processing in the same weird and wonderful way that we see the rest of our
world.
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