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1. What is memory?

Memory is the ability to recall information that we have encountered in the past and is one of the most basic skills we possess. Memory has multiple purposes in our everyday lives. Without the ability to remember, we would not be able to perform even the simplest of daily tasks: brushing our teeth, reciting the alphabet, writing our names, making a sandwich, dialing a phone number. The ability to recall something that we tried in the past that did not work (e.g. making a wrong turn on the way to school or trying to play with a skunk) allows us to try new and better strategies so that we are constantly learning. 
2. What are the different types of memory?

All memories are not created equally. It is usually much easier to recall something that happened two seconds ago than something similar that happened two years ago. This particular example is a distinction between what we call working memory and long-term memory.

2.1 Working Memory

Working memory is not very stable and the information stored in it is easily forgotten. Most of these memories only persist for a short period of time – seconds or minutes. Working memory, as its name implies, involves active thinking. We require working memory in our daily lives for temporarily storing information. Additionally, exchanges to and from long-term memory pass through working memory.

Being distracted can greatly diminish your ability to hold information in working memory. For instance, if you are told a telephone number and someone comes up to you and asks for directions immediately after you hear it, you may not be able to recall the number after you give the directions. 
2.2 Long-term Memory

Long-term memory is very stable and the information stored there is not easily forgotten. Most of these memories persist for a long period of time – days, months, or even years. For example, you can recite your name or your telephone number whenever you want to, even though you may not have actively thought about it for a very long time. 
The two major types of long-term memory are declarative memory and procedural memory. Declarative memory is knowledge about what things are and procedural memory is knowledge about how to do things. Declarative memory stores facts and events. You can remember the password to your e-mail account, the names of all the players on your favorite team, and your best friend’s birthday because of your ability to store declarative memories. On the other hand, procedural memory stores skills, habits, and emotional and physical behaviors. You can remember how to ride a bike, swing a baseball bat, and take notes in a class because of your ability to store procedural memories. 
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Figure 1

The image above shows the organization of memory systems and where those memories are processed in the brain.

(Adapted from The Human Brain, 4th Edition, Mosby Inc., 1999) 
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Figure 2

The image above shows the anatomy of the brain and specific structures involved in memory systems.

(Adapted from http://www.learnplus.com/guides/images/brainmem.gif)
3. Memory and Sequence
3.1 Why is it Important to Remember Items in Sequence?

Our memory allows us to store and recall information in a specific order, or sequence. There are many instances where the ordering of events is crucial for understanding them. For example, could you imagine if you woke up one morning and could not recall the correct order in which you should get dressed? What do you think your neighbors’ reactions would be when you walked out the door with your underwear over your jeans and your socks over your shoes? Whether we learn to solve a mathematics problem, follow a lab protocol, or dial a phone number, the order of sequential events must somehow be “kept in mind.” 
Additionally, we need to be able to learn many different sequences that are based on a relatively small set of items, such as an entire language based on an alphabet. For instance, in language, the need to retain ordered information for accurate comprehension applies at the:

· letter/word level (e.g. distinguishing ‘salt’ vs. ‘last’)
· Sentence level (e.g. distinguishing ‘I am a person’ vs. ‘I a person am.’)
· paragraph level (e.g. distinguishing the introduction, body, and conclusion paragraphs from each other)
3.2 How Many Items Can Our Memory Store in Sequence?

As we know, working memory has a limited capacity for storage. The maximum number of items that you can store in your working memory and recall in the correct sequence is called span. Span varies from one person to another and even one individual’s span can fluctuate and  be improved over time. Experimental psychology research has shown that the average span is seven items, plus or minus two items. 
What would happen if you were asked to recall a long list of items? Due to the limited capacity for storage in working memory, recalling the entire list of items would be challenging. Studies show that there is a tendency for a person to correctly recall the first few items and the last few items of the list; most mistakes are made when trying to recall the items in the middle of the list. The effect of easily remembering the first (most distant) few items in a sequence is called primacy. The effect of easily remembering the last (most recent) few items in a sequence is called recency. These effects are shown in Figure 3. 

[image: image4.emf]Figure 3

The image above shows the primacy effect and the recency effect.

(Adapted from http://www.kgv.net/psychology/year%2012/coursework%20examplars/CSW%201%20%20 serial %20postion%20effect.htm)

3.3 A Possible Way to Improve Working Memory

The brain uses certain strategies to overcome the capacity limitations of working memory. One such strategy that we will explore is “chunking.” Memories are not stored as unrelated pieces of information. Instead, the brain has a tendency to group memories that are connected to each other in some way. Once individual events are stored temporarily in working memory, they can then be grouped, or chunked. This strategy can help to improve an individual’s span, which can be beneficial in many ways, such as in enhancing study skills.

This process of naturally grouping related items into larger chunks that can be remembered at once occurs in a wide range of activities that we do. When you first learn a multi-syllable word like “Mississippi,” you need to focus attention on remembering and pronouncing each syllable. After you learn the word, the entire sequence of sounds automatically rolls off your tongue. This also occurs with action sequences, such as hitting a baseball, playing an instrument, or dancing. At first, you have to focus on each individual movement, but eventually you can perform an entire group of movements together in a chunk. 

4. Memory Pathways in the Brain
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4.1 Memory Pathway in the Brain
Figure 4

The image above shows the “where” and “what” memory pathways in the brain.

Figure 4 illustrates the path of information flow when trying to learn a sequence of items. First, the items are seen in a series by the observer's eye and the information is relayed to the visual cortex via the lateral geniculate nucleus (LGN). From here, the information is carried to two different parts of the brain – the post parietal cortex (PPC) and the inferior temporal cortex (IFC). At the PPC, the sequential position of the items is determined; that is, exactly where each item appears with respect to other items in the image seen by the eye. This pathway is commonly referred to as the “where” pathway, as it is concerned with where the item is in the scene. At the IFC, the exact nature of the items is determined. Are the items numbers or pictures? If they are numbers, which numbers are they? If they are pictures, what are they pictures of? This pathway is commonly referred to as the “what” pathway, as it is concerned with what the items are in the scene.

After the 'where' and 'what' of the items are both determined, the PPC and IFC relay information to the pre-frontal cortex (PFC) where the information about the items will be stored in working memory. 

4.2 The Pre-Frontal Cortex Layers: A Neural Network Model
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Figure 5

This figure shows a circuitry model involved in list processing (adapted from Pearson & Grossberg, 2006).
5. Glossary of Terms

· Brain

The central organ in the nervous system, protected by the skull. It serves as the site of regulation and control of bodily activities, sensory, emotions, memory, self-awareness, and thought.

· Chunking 
The process of collecting or grouping items to be recalled. For example, rather than remembering a Boston phone number as 6175555151 it is easier to remember it as 617-555-5151. 
· Control

A part of an experiment that is held as a constant and used to compare with the variable.

· Hippocampus

The part of the brain that assists in storing memory by sorting and sending new bits of information to be stored in appropriate sections of your brain and recalling them when necessary. 

· Hypothesis

A tentative assumption that is then tested to determine if it is true or false.

· Memory

The ability to recall information from the past.

· Working Memory

A type of memory that can hold a limited amount of items for a short period of time

· Long-term Memory

A type of memory that can hold items for a long period of time.

· Declarative Memory

A type of long-term memory that stores facts and events.

· Procedural Memory

A type of long-term memory that stores skills, habits, and emotional and physical behaviors.

· Model

A representation that serves to explain a scientific phenomenon.

· Neuron

The cell that is the basic unit of nerve tissue. Neurons carry and transmit electrical signals throughout the nervous system. 


· Observation

Any information collected with the senses.

· Pre-frontal Cortex (PFC)

The forward part of the frontal lobes of the brain that are involved in memory, cognitive behavior, and emotional behavior.

· Primacy 

The effect of easily remembering the first few items in a sequence.

· Recency 

The effect of easily remembering the last (most recent) few items in a sequence.

· Scientific Method

The basis for scientific inquiry that uses science process skills as tools to gather, organize, analyze, and communicate information.

· Sequence Learning

The process of learning a group of items in a specific order.
· Span

The maximum number of items that an individual can retain and recall at a given time. An individual’s span can vary and can also be influenced by attention, motivation, and practice.

· Variables

A known change within an experiment that the scientist is testing.

· Independent - The manipulated variable; the variable that is changed on purpose in an experiment.

· Dependent - The responding variable; the variable that may change as a result of a change in the independent variable. 
Version 0.5
© 2006 CELEST


