Brain Anatomy and Memory

In recent decades the understanding we have of how the brain built, grows, and works, has been studied, but by no means do we have a complete understanding.  Simple understanding is a fully challenging task, as will be described below.  Introducing and incorporating these new theories and ideas learned in neurology to the education system and matching the knowledge up to what educators and psychologists already know if another daunting task as well.

However the very important to connect the new understanding with older observations.is being made by both scientists and educators.  One example is the book Learning and Memory: the brain in action by M. Sprenger.  Sprenger follows a typical formula in her book, which is mirrored in other literature, consisting of anatomy of the brain and neurons, then explaining the role these play in memory and finally in learning.


Sprenger describes the neurons, or nerve cells, which are the main cell in the brain, and their role in learning, starting with the analogy of an arm.  The dendrites (fingers) of one neuron connects to the axon (shoulder) of another and create a synapse.  Electrical impulses pass through these synapses, axons, and dendrites in response to various stimuli which pass through another neuron and another en route to the brain.  Sprenger defines learning as when two neurons communicate with each other in this manner.  However, this alone does not determine long-term understanding and reliable recall of the information ‘learned’ as explored below.

An important fact that Sprenger brings out in this process is that without repeated use on a consistent basis, these dendritic connections created between neurons will decay and disappear.  Experiments in rats present an approximate timeline of four days for this decay to occur.  Also seen in the experiment with rats was that by stimuli which encourage exploration and playing, toys in this case, the dendrites in the brain grew thicker and had more connections to other neurons.  The timeline for this thickening and growth was also around four days.  These studies showed that the growth and decay of dendrites can occur with use and disuse presenting an idea of the brain analogous to weightlifting, and has implications for how students can be more effectively taught in the classroom.

The next important focus of Sprenger’s research involves how this ‘learning’ between two neurons is transferred into something tangible that we can remember for various amounts of time.  Presented are three different memory types of various length, as well as five different pathways to which stimuli reaches the level of memory.  By utilizing these pathways and different memory types, educators can tie together these fields of neurology and case studies to increase learning in their classes.

The first memory type is the short-term, or temporary storage that has an life of between 15-30 seconds.  This space is the buffer zone between the stimuli input (the neurons firing together) that gets passed between neurons (see Wolfe, below) and the thinking brain that creates memories.  Although many people will say that memory worsens with age, short-term memory contradicts this.  As a person gets older buffer area gets better at holding on to information.  Studies show that adults can hold up to seven ‘slots’ of short-term memory, down to two or three for young children.  Regardless of age, more ‘slots’ can be added for both prior knowledge (pre-existing dendritic connections) and for interest (dendrites grow more rapidly).  This supports what experienced teachers already know, that if information is interesting to students, they will learn the information a little bit easier.  The next step is to have information pass on from short-term memory to more long-term.  In order for this to occur the initial learning must be reinforced by repetition, preferably by various pathways.

Medium-term, or Working Memory is memory that can be accessed for a period of time measured in hours.  If a student crams for a test by reading and writing notes and flip-cards, the information can pass from the short-term when it’s read to working memory where it can stay for upwards of twelve hours.  Often, this information lacks anchoring to other information in long-term memory (no dendritic connections) and is forgotten after this short time, making this an ineffective learning technique for information a student needs to build on.  Wolfe adds a slightly different take on this medium-range memory, including expanding the purpose.

Once information is passed from medium into long-term memory, some theorize it cannot be lost, as the connections are well established and kept in the brain pathways permanently.  Other researchers however think it may still be possible for the dendrites to decay and lose their connections to other neurons.  When information is passed into long term, it is disseminated and various parts of the information are spread to different areas of the brain.  For example, if you learn that lobsters turn red when cooked, the color red moves to one part of the brain, the process of understanding cooking in another part, and what a lobster looks like in yet another part.  These pieces of information are connected to each other via the dendritic connections, which forms the net around all parts of the brain.  In her article Weiss (2000) brings up statistics that one nerve cell can receive input from up to twenty-thousand other nerve cells, and you may have up to one-hundred billion cells in your brain.  This indeed is a vast number of connections crisscrossing the brain, tying information to each other by both obvious and obscure ways.

Wolfe adds to the body of knowledge in a few ways in Brain Matters: translating research into classroom practice.  Wolfe states that any sensory experience is put into memory, or ‘learned’, by the neurons.  However in order to avoid overload an automatic 99% of stimuli are simply ignored by the brain as they do not need our immediate attention.  If we do not think about it or focus our attention on them, then we ignore what textures we feel all the time (Wolfe uses the examples of how your clothes feel all over your body, all the time) and most sounds.  These stimuli are causing neurons to have dendrites connect, but nothing else becomes of it.

Another purpose Wolfe gives to the working memory is that it acts as a sorting area for the long-term memory, a place for assimilation of ideas.  When memories are stored in the long-term it is broken up as explained by Stenger.  However, for it to be recalled in a useful manner, it needs to be reconstructed.  This working storage area is used for this purpose also.  Utilizing the earlier example, if someone asks you what happens when you cook a lobster, your working-memory pulls the color, anatomy, and understanding of cooking from various locations and combines them again into useful information.  The more connections in the brain will makes more memories and more opportunities to recall the information.   

Memory Pathways


Sprenger presents and is again reaffirmed by Wolfe that there are five main pathways in which the information stimuli is passed on to the brain and moved to longer storage: semantic, episodic, procedural, automatic, and emotional.

Semantic information is learned and stored as words, and requires the most repetition to be remembered.  Often this is the most used and least effective method of transferring information to long-term storage in the classroom.  

Episodic deals with locations, and is also called contextual or spatial memory.  This includes 3-dimensional information and turning objects, as well as the places where students are learning and being assessed.

Procedural memory is muscle memory, or kinesthetic memory.

Automatic memories are conditioned responses to stimuli that occur without high levels of conscious thought.  If a person is driving and the car in front of slows down, without even thinking the second driver will slow down.  Because this requires very low conscious thought and is located in the motor center of the brain, it is possible to both have automatic memories recalled and be doing something else.

Emotional memories are the strongest memory type in the brain, and takes precedence over other processes.  Memories associated with strong emotion can bypass the short-term memory process and move directly into the long-term, and have more dendritic connections.  Emotional responses to material can make the strongest impacts in student learning and remembrance of subject matter.


A teacher focusing on these different pathways and attempting to bring the recent knowledge about how each affects learning can be a valuable and powerful tool to increase their student’s attention and information retention.

Memory, Learning, and Classroom Instructional Strategies

The main premise of the use of technology in the classroom is that if implemented properly it can include multiple memory pathways for the students, which as shown above can improve the retention of information.

Technology in the Classroom

