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Have you ever wondered how you know what you see”? For example, when
you see a round, red object at the grocery store, how do you know that it is
called an apple and that it can be eaten? This type of knowledge is called
semantic memory. Semantic memories are learned over a lifetime and can
be accessed without remembering a specific experience. In other words,
you do not need to remember details from the last time you ate an apple to
identify one at the grocery store. Although knowledge about apples seems
to come to mind rather easily when we see them, linking semantic memory
to vision actually requires a lot of brain power! The purpose of this paper is to
explain how the brain accomplishes this goal and to describe the functions
of key brain regions. We also discuss the functional importance of linking
semantic memory and vision.

KNOWING WHAT WE SEE

If asked to describe the environment that you are in right now, you would likely
begin by naming everything you see, such as a desk, a computer, an apple, and
a banana. This might seem easy, but have you ever wondered how you know
what you see? For example, how do you know that the round, red object on
your desk is an apple and that it can be eaten? How do you know that apples
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A network of brain regions
that connects areas
responsible for the
processing of visual
information with those
responsible for semantic
memory, episodic
memory, learning, and
emotion.

The ventral visual
pathway.

A. This panel shows
where the primary visual
cortex (green) and the
anterior temporal lobes
(blue) are located in the
human brain. The arrow
connecting these shaded
regions is the ventral
visual pathway. B. This
panel shows how visual
information is combined
as it progresses forward
through the ventral visual
pathway. Simple visual
features are located in the
back of the brain. Invariant
objects and semantic
memory are represented
in the anterior temporal
lobe.
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and bananas are both fruits, even though they look very different? Although
vision begins with the eyes, your brain is responsible for linking visual infor-
mation to knowledge about objects. In this paper, we will describe why this
process is important and how it occurs in the brain.

The first step toward knowing what you see occurs when visual information
is sent from the eyes to the brain. The primary visual cortex, which is located
at the back of the brain, is one of the first brain regions to receive information
from the eyes. This region processes only the most basic information about
the visual world, such as lines, edges, color, and direction of motion. The
primary visual cortex then sends this basic information forward through the
brain along the ventral visual pathway (ventral is from Latin venter, meaning
“belly”; see Figure 1). The information processing performed by the ventral
visual pathway supports our conscious awareness of what we are seeing, which
allows us to talk about what we see.

The ventral visual pathway works to combine simple visual information, like
lines, edges, and color, to create entire objects. Information is sent forward
from one brain region to another in a series of steps. First, lines and edges are
passed from the primary visual cortex to another brain region that combines
lines and edges to create a simple shape, like a triangle or an oval. This shape
is passed forward to another brain area, which fills in the shape with colors.
Another area adds textures to the shape. This process continues so that, along
the ventral visual pathway, objects become more complex. Some examples of
complex objects might be a nose, eyes, and a mouth, or wheels, a seat, a frame,
and handlebars. Further forward along the pathway, a separate brain region
combines all the features of the object together, creating an entire object, such
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The ability to learn and
remember knowledge and
facts about the world.
Semantic memories are
learned slowly over time.
Knowing that the Statue
of Liberty was a gift from
the people of France to
the people of the United
States is an example of an
episodic memory.

The ability to store and
remember information
about specific events
that you have personally
experienced.
Remembering the first
time that you saw the
Statue of Liberty is an
example of an episodic
memory.

Semantic and episodic
memory.

Semantic memory, on the
left, refers to knowledge
that is learned over many
experiences. The contents
of semantic memory can
be brought to mind
without remembering
details from a specific
event. Episodic memory;,
on the right, refers to
memory for specific
events, such as the time
you picked apples at an
orchard with your family.
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as a face or a bicycle. At the last stage in the pathway, a brain area called the
anterior temporal lobe codes objects in an invariant manner [1]. The word
“invariant” means that the brain represents objects in a way that does not
change (“in-,” which means “does not,” and “variant,” which means “change”).
In vision, the word invariant means that we are able to see an object from
different angles, distances, and lighting conditions, and still know it is the
same object, despite differences in the way it looks. For example, you need to
see your school teacher in an invariant way so that you do not think she is a
completely different person when she turns her head away from you to look
at another student on the other side of the classroom! The same idea is true
of everyday objects, too. For example, you need to be able to recognize your
bicycle regardless of whether it is being ridden by a friend, is leaning upright
against a wall, or is lying sideways on the ground. The fact that the brain can
represent objects in an invariant way is really important. It means that the
objects we see can be connected to other types of information in the brain,
such as general object knowledge, which we call semantic memory.

In general, memory is the ability to hold information in your brain over a
period of time without being reminded. There are different kinds of memory
depending on the type of information or the amount of time that it is held.
In general, when people talk about memory in daily life they are referring to
what is called declarative memory, which is the ability to consciously remember
something from the past. There are two types of declarative memory: episodic
memory and semantic memory (see Figure 2). Episodic memory is the ability
to store and remember information about specific events that you have per-
sonally experienced. For example, remembering that you picked apples at an
orchard with your family last summer is an episodic memory.

Semantic memory is quite different from episodic memory. Instead of
memory for the things that have happened in your life, semantic memory
refers to knowledge and facts about the world that are stored in your brain.
Your episodic memories belong only to you—other people do not have your
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The gradual loss of
semantic memories,
including names of
objects, their features,
and how objects, are
related to one another.
Semantic dementia is
caused by damage to the
anterior temporal lobes.

Delayed-copy drawing in
semantic dementia.

This figure shows the loss
of object knowledge in a
person with semantic
dementia. The person first
looked at a picture of an
animal (top row) and was
then asked to draw it after
a delay of just 10 s. As
can be seen in the bottom
row, the drawings lack
detail and look more like
each other than they do
the actual animals the
participants were asked to
draw. Adapted by
permission from
Macmillan Publishers Ltd.,
Nature Reviews
Neuroscience, Patterson
et al. [2], Copyright 2007.
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memories. However, your semantic memories are shared with other people
and have been learned slowly over time. In other words, you do not need
to remember a specific experience with an apple to know that it is an edible
fruit. This knowledge about apples is an example of a semantic memory.
But being an “edible fruit” does not only describe apples—it also describes
bananas, pears, and lots of other food we eat. Therefore, the concept of an
apple is stored in semantic memory as a collection of features. The collection
of features that only describes an apple includes that they are round, red
or green, sweet, have a stem, have seeds, and grow on trees. Because object
knowledge is stored as collections of features, we can quickly understand how
objects relate to one another. For example, we know that apples and bananas
are similar because they share a number of features—they are fruits, edible,
sweet, and grow on trees.

In psychology (the study of the brain and mind), one of the most interesting
ways to understand how the brain works is to examine what happens when it
is damaged. In fact, much of what we know about semantic memory comes
from people who have a condition called semantic dementia, which causes
semantic memory problems. People with semantic dementia have a specific
kind of brain damage that causes them to lose knowledge about everyday
objects, including the names of the objects, their features, and how objects
are related to one another. For example, when shown a picture of a camel,
a person with semantic dementia might not know why it has a hump on its
back, or where it lives, and mistakenly call it a dog. As their disease gets worse,
people with semantic dementia might even forget the names of all animals, and
only be able to say that a picture is an “animal” without knowing what kind
of animal it is. This loss of object knowledge can clearly be seen in the draw-
ings made by people with semantic dementia [2]. As can be seen in Figure 3,
when asked to draw a duck, camel, seal, and frog from memory, the drawings
they create look highly similar even though these animals actually look quite
different—all of the drawings include features that are shared across most
animals, such as a body, head, four legs, and tail. Importantly, people with
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semantic dementia do not draw any features that uniquely describe any of
the animals, such as the camel’s hump or the seal’s flippers. These are not the
only mistakes semantic dementia patients make. Sometimes they may hold
or move an object the wrong way [3]. For example, a patient with semantic
dementia might call a toothbrush a spoon, hold it by the scoop end, and try
to use it like a screwdriver.

One goal in neuroscience is to understand how different areas of the brain
support different types of memories. One way to accomplish this goal is to
examine the brains of people who have conditions that affect specific types of
memory. For example, if we want to understand where in the brain semantic
memory is stored, we can look at the brains of semantic dementia patients
who have problems remembering information about objects. If a group of
patients with semantic dementia all have damage to the same brain region,
then we can conclude that this brain region plays an important role in semantic
memory. Luckily, we have machines that allow us to do exactly this. Magnetic
resonance imaging (sometimes shortened to MRI) uses powerful magnetic
fields to take pictures of the brain. When we look at these pictures, we can see
where a patient has brain damage. This technique has shown that the brain’s
anterior temporal lobes are often damaged in patients with semantic dementia.
This suggests that semantic memory, including object knowledge, is stored in
the anterior temporal lobes. As discussed earlier, the anterior temporal lobes
are also the region in which objects are represented in an invariant manner
within the ventral visual pathway (see Figure 1). These findings indicate that
invariant object representations are linked to semantic memory in the anterior
temporal lobes.

As a final point, it is worth asking what semantic memory is good for and
why it evolved in the first place. To answer these questions, we need to return
to vision! Humans, and many other species, rely on vision to guide how they
interact with the world. For example, when we walk, we use vision to make
sure that we do not bump into or trip over obstacles in our path. We also use
vision to carefully guide our hand while cutting an apple with a sharp knife.
However, when you first see an object, how does your brain know what to do
with it? For example, when you reach into a drawer to grab a knife, how do
you know that you should hold the handle rather than the blade? Semantic
memory plays an important role in these decisions. Knowledge about how an
object works is an important part of the collection of features stored in semantic
memory. In other words, semantic memory includes knowledge about when
and how we use different types of objects. As an example, “handle” is a feature
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of knives, and based on prior experience, we know that we hold objects by
their handle, not by their blade!

Patients with semantic dementia show us how semantic memory influences
the way we interact with the world. As discussed earlier, these patients have
damage to the anterior temporal lobes of the brain. Because of this, they have
forgotten much of their object knowledge. Patients with semantic dementia
are able to pick up objects, but they might not know what the object is used
for. For example, they might have forgotten that the bristles at the end of a
toothbrush are used for brushing teeth, so they might hold a toothbrush by its
brush end. Interestingly, in some situations, healthy people can even be tricked
into making these types of mistakes. Normally, when healthy people are asked
to pick up objects from a table, they will do so by grabbing the handles, even if
the handle is facing away from them. However, when people are asked to grab
objects while they also—at the same time—do another distracting semantic
memory task, such as naming the capital of France, they often grab the objects
by whichever end is closest to them, just like patients with semantic dementia
[4]. In other words, when we are distracted, we might grab the brush end of a
toothbrush instead of the handle. These errors happen because the semantic
memory system is busy solving the distracting semantic memory task and is
unable to recall “function” knowledge about the way objects are supposed to
be picked up.

In summary, we know what we see because of the way the brain processes visual
information in the ventral visual pathway. Everything we see is first processed
by our eyes. Our eyes then send this information to the primary visual cortex
at the back of the brain. From here, simple features of the world (lines, edges,
and color) are combined in steps along the ventral visual pathway. For example,
in one step, lines are combined to make shapes, then in another step, shape
is combined with color. The final step of the ventral visual pathway is in the
anterior temporal lobes. Here, all of the visual information is combined to
create entire objects. The anterior temporal lobes then link the objects we are
seeing to what we know about them, which is semantic memory. Importantly,
semantic memory tells us how to use objects by providing knowledge about
their function.
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