Memory: how do you remember?

D. Indumathi, The Institute of Mathematical Sciences, Chennai

How good is your memory? Can you remember what happened on the same day, last year? Or the one before? Or are you wondering what you had for breakfast this morning? So, do you think your memory is better or worse than your best friend's? Who has the best memory amongst you and your friends? 

How much do we remember anyway?

Can you possibly recall your thoughts as a baby?! Is it in fact possible to remember everything that ever happened in your life?

Many psychologists believe that everything we learn is permanently stored in our mind, although we may not be able to recall certain details. So what exactly is the connection between brain and mind? Brain is the physical object, safely enclosed inside our skulls. But where is the mind? From where you you retrieve that particular memory? Is there any way you can search through your brain for a memory just as you would search the shelves of a library for a particular book?

From 1934 onwards, for about two decades, a Canadian neurosurgeon called

Wilder Penfield accidentally learned that memories occupy fixed locations in our brains. While searching for the source of the disease called epilepsy, he used electric probes to stimulate the brains of patients. He found that when his probe touched a certain part of the brain called the temporal lobes, it jogged a long forgotten memory. In fact, the memory would be so vividly recalled that the patient was amazed that so many details of the memory were remembered. Also, when he touched the same place another time, the patient would recall the same memory. So Penfield thought that the brain possibly records every incident of note permanently.

Nowadays, psychologists think that our memories are not perfect; they fade, they change, and they sometimes disappear altogether; that is, the record of the memory itself physically disappears from the brain. They think that the memories that Penfield evoked in epilepsy patients were more like dreams or hallucinations.

BOX on Nervous System

The brain and the spinal cord make up the central part of the nervous system. Neurons or nerve cells are the core components of the nervous system. They reach from your brain to your face, ears, eyes, nose, and spinal cord --- and from the spinal cord to the rest of your body.

The spinal cord is made of a bundle of nerves running up and down the spine, and is like a superhighway, speeding messages to and from the brain at every second.

Balanced on top of our spines, the brain contains about 100 billion neurons, which are nerve cells that can transmit information using chemical or electrical impulses.

There are specialised neurons.

. Sensory neurons respond to touch, sound, light, etc. As their name suggests, they are sensitive to external stimuli. For instance, if you touch something hot, the sensation is felt by the sensory neurons in your skin, which send signals to the spinal cord and brain.

The brain processes this sensation and the instruction returns from the brain to take your hand off it! How does the instruction return?

. Motor neurons receive signals from the brain and spinal cord and cause the muscle to contract, so that the hand is removed.

. Inter-neurons connect neurons to other neurons within the same region of the brain or spinal cord. Neurons connect to each other to form neural networks.

Each neuron has a special connection with other cells through a structure called a synapse. A typical synapse is a contact between the axon of one neuron and a dendrite or soma of another (see picture).

END OF BOX on Nervous System

BOX on Brain

The brain weighs just about one and a half kilos in an adult. Along with the spinal cord and nerves, it controls every activity of our daily life, whether we are asleep or awake.

The brain is an energy-intensive organ. Although it contains only about 2% of the body mass, it uses about 20% of the oxygen that we breathe and about 25% of the glucose burned. The PET scan shown the dark areas where more energetic activity is going on in the brain.

The brain is made up of different parts. (See the cover page for a picture).

The cerebrum or cortex is the largest part of the human brain, associated with higher brain function such as thought and action.

The cerebral cortex is highly wrinkled and that gives the brain its classic wrinkled look. Essentially this makes the brain more efficient, because this increases the surface area of the brain and the amount of neurons within it. A deep furrow divides the cerebrum into two halves, known as the left and right hemispheres. The corpus callosum, a wide, flat bundle of neural fibres beneath the cortex, connects the left and right hemispheres.

Nerve cells make up the gray surface (about 1 cm thick) of the cerebrum. White nerve fibers underneath carry signals between the nerve cells and other parts of the brain and body.

The six-layered structure called neocortex occupies the major part of the cortex. It is only found in mammals. It is thought to be a recently evolved structure, and is associated with “higher” information processing by more fully evolved animals such as humans, dolphins, etc.

The cerebellum, or “little brain”, also has two hemispheres and has a highly folded surface or cortex. It is associated with coordination of movement, posture, and balance.

The limbic system is inside the cerebrum. It contains the thalamus, hypothalamus, amygdala, and  hippocampus. All are associated with different processes, but primarily in emotion and memory. In particular, the amygdala is involved in the processing of feelings, fear and memory. The  hippocampus is important for learning and memory: memories live in the neocortex but it is the  hippocampus that is believed to be crucial for converting short term memory to more permanent memory, and for recalling spatial relationships in the world about us.

END OF Brain BOX

Learning

This is how you sense things (by touch, sound, light, etc): the neurons transmit the sensation and the brain processes the information. It can connect to other neurons or simply to other cells. In fact, a neuron can make about 10,000 synaptic connections with other neurons.

A memory, at the most fundamental level, is a pattern of connections between neurons---such a vast connection between neurons is called the neural network. The connection between two neurons is stronger when both are active at the same time, and so the synapse plays a role in the storage of information and in the formation of memory. When we learn something new, or feel a new sensation, the connections in the network are changed and so this new memory is registered in our brains.

Imaging technology has advanced to the level that we can process brain images with computers and see how the brain is made; we can study neurons to tell us what happens in brain cells. But the area of the cortex, the wrinkled outer layer of the brain, is still a mystery to us. We believe that this is the part of the brain that allows us to do maths, to plan for our next exam, and also holds most of our memories.

We have also learned a lot from research on a person called Henry Molaison, who lost most of his medial temporal lobes and hippocampus during surgery. It was found that he could not remember things because he could not convert short-term memory to a long-term one. But he could recall things that happened a long time ago. So the hippocampus clearly plays a role in converting new memories into more long-lasting ones. But the final word is not yet said on this fascinating subject.

How do you find a memory?

There are thousands of connections and patterns. How do you find one connection (that is, one memory) in this mess? Is there an index or are they filed in order?

It turns out, that to find a memory, you need a trigger or a cue. It's like having a library of millions of books with only some books seen on the shelves. A look at one of the books will jog your memory about some other book. Immediately that book will pop up on the shelf! That book will remind you of something else, and this process goes on.

The books on the shelf are your thoughts at any given time. Not having the memory directly on the shelf is expressed as saying “the memory is latent”. Using other thoughts to bring to your conscious mind the memory you are trying to remember is making use of the vast network of connections in your brain.

How may times have you forgotten an entire answer in a test? But afterwords, when your friend or mother tells you, “But you knew this answer, it began with ...”, the whole memory comes back to you and you mentally kick yourself for having forgotten it! Next time, comfort yourself with the thought that your brain processes memory in such a complex way, it is amazing we can remember even 1/10th of what we do.

But this important fact: let someone tell you how something starts and you will very likely remember the whole (like a poem), hints to us that we do not remember in isolation: our memories are best when we have to remember things in context, because it is this relationship that jogs the memory.

This is why we feel amazed when some people learn to remember hundreds of unconnected pieces of information, such as the order of a pack of cards or passing car numbers.

Kinds of memory

Procedural or implicit memory is based on implicit learning. What this means is for instance, when you learn to ride a cycle (Picture with thanks from hyperboleandahalf.blogspot.com). Each time you get on a cycle, you don't have to consciously remember to take the cycle off its stand, to hold the handle-bars, to step on the pedal, etc. The memory of how to ride a cycle is unconscious, implicitly known to you, just like the complex art of tying shoe-laces! Such memory, mostly used in learning motor skills, depends on the cerebellum.

Declarative or explicit memory, in contrast, needs to be consciously recalled---for instance, what you ate for lunch yesterday. This includes visual memory, such as the route to your school or the shape of your eyebrows; semantic memory for facts and concepts, such as the names all countries with their capitals, as well as episodic memory, such as details of your last school project. Such perceptual learning takes place in the neocortex.

Even if one part of the brain is damaged the memory involved in the undamaged parts are there. For instance, you may know that dinner is the last meal of the day (semantic memory) but you may not recall what you ate for dinner last night (episodic memory)! Indeed, all our implicit memories are not readily accessible to our conscious brain: and these are what make up who we are and how we think.

How well do we remember what we remember?

Memories are not static objects. They change with time. All of you who struggled to remember that '3' comes after '2' now easily solve complicated arithmetical problems, taking this fact for granted. On the other hand, many memories fade in time (such as that unforgettable vacation you went on 6 years ago)!

Studies of people suffering from amnesia (who have lost their memory) shows that mostly people clearly remember very old and distant memories. In some sense, the longer the time that we have to “think” about a memory, the more stable and deeply rooted it becomes and so the longer we remember it. But in this process it also happens that we can change the memory itself: it can be changed a little or completely transformed to the extent that we remember the opposite of what really happened. So there are many differences between old and new memories.

One theory is that memories are nomadic (moving about). This means that while they are formed in the hippocampus initially, they are eventually moved to long-term storage in the neocortex. Over time, as they get consolidated they get entrenched in a network of cortical connections. At this point, they have an existence independent of the hippocampus.

It is also thought that sleep plays a key role in the process of consolidating memories; not just so that they remain longer, but also their meaning becomes clearer. For instance, scientists think that dreams are a combination of experiences from real life and are part of the process of firmly storing our experiences as long-term memories. That is why good sleep is important for brain function and memory retention.

Exercise is another area that has many benefits and effects on the brain. Aerobic exercises such as running, cycling and swimming increases the oxygen flow and also the generation of neurons (neurogenesis) in the hippocampus. Earlier it was thought that no new neurons could grow in an adult. It was only recently shown that neurons regenerate in regions of the hippocampus. Indeed, about one-third of the neurons in the hippocampus are regularly renewed throughout life, (addition of roughly 1,400 new neurons per day), with the rate declining slowly with age.

This has important implications for improving children's academic performance, maintaining mental abilities in old age, and the prevention and potential cure of neurological diseases.

How far back can you remember?

Do you remember being a baby, hearing things, but unable to talk? Unlikely. The neocortex is fully developed only at age 3-4 years. Only then is it possible to have long-term memories. On the other hand this is the stage when the most rapid learning of one's life occurs: learning to walk, talk, understand the world around us. So obviously these are the implicit memories: you don't forget them. It is the conscious memories that are not remembered at this age. This is perhaps because the babies have neither the experience nor the language to help them store their memories (after all, the “book” that you use to jog your memory is also just another memory)!

Why is this so?

Early man, our ancestors, needed to remember very different things from today. He needed to know where to find food, and after a day's hunting or gathering (after knowing which plants were edible), he needed to find the way home. So human memory evolved in a way to make these things easy and efficient. This is one reason our brain is still good at recalling visual information (and why it is said a picture is worth a thousand words)---both pictures and spaces.

Our brain is certainly not as good with words, and worse with numbers simply because it has been handling them for much shorter times. In fact, this entire article was inspired by a book called “Moonwalking with Einstein: The art and science of remembering everything”, by Joshua Foer. In this book, the author talks about how people who participate in memory games or perform cards tricks use associations with pictures and locations to help them remember long lists of unrelated words or cards.

In the end, memory is primarily an imaginative process. The seemingly unrelated word-list of porifera, coelenterata, platyhelminthes, nematoda, annelida, arthropoda, echinodermata, will make sense if we can remember eating "pori", listening to a (koel) "coel", with a "plat(e)" in hand, which is actually a(n) "lid", talking to "arth(u)r" who replies through "ech(in)o"s! Once you can master the list with the aid of words which mean something, you can ace that biology test!

In short, we all are what our ancestors and our memories make us!

Sources: Wikipedia and Joshua Foer's book, “Moonwalking with Einstein: The art and science of remembering everything”

