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What is Neuroscience?

The study of the brain and nervous system

Molecular neuroscience
Cellular neuroscience
Cognitive neuroscience
Computational modeling 
Neuroimaging

Medicine 
Chemistry 

Physics
Psychology

Computer science 
Engineering 
Mathematics 
Philosophy

Cognitive neuropsychology
Memory
Attention
Language

Perception…

MRI
CAT
PET 
MEG
EEG…
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I. Cognitive neuroscience: the study 

of memory from the classical 

cognitive neuropsychology



 Memory: record of experience represented in the brain.

 Many classifications regarding the duration (short or long),  experience or 
consciousness (implicit or explicit) 

Working 
memory



Short term memory



 Capacity to hold small amounts of information in an active, readily available state for 

a short period of time (Atkinson and Shiffrin, 1968).

 Duration: 3-4 s sensory memory / 25-30 s working memory.

 Capacity: 7 ± 2 elements (‘The magical number seven, plus or minus two’ Miller, 

1956)

 Two types:

◦ Sensory memory: iconic, echoic

◦ Working memory:  temporarily stores and manipulates information (Baddeley and Hitch, 

1974)

Working 
memory



Example of short term memory: 
iconic memory



A continuación le voy a presentar algunos

números. Obsérvelos atentamente y 

cuando aparezca el signo de interrogación

(?), repítalos en el mismo orden
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Example of short term memory: 
working memory



A continuación van a aparecer algunos números

más, pero esta vez, quiero que los repita al 

revés, en orden inverso
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One strategy to “expand” your ability 

to remember things in short 

memory...chunking
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Chunking

Strategy to organize the material to be remembered into meaningful groups:

1 9 4 5 1 9 3 6 1 7 8 9 2 0 1 2

End of the II 

WW

Beginning of the

Spanish Civil War

Beginning of the

French Revolution

End of the

economical crisis!!



Long term memory



Permanent store, management, and retrieve of information. 

Duration: unlimited 

Capacity: unlimited

Unlimited 
storage 

capacity but 
not unlimited 
retrieval/recall 

capacity!!



Types of long term memory

 Explicit 
memory/Declarative 
memory. Memories 

consciously available: 

◦ Episodic memory: for specific 

events in time

◦ Semantic memory: 

knowledge about the 

external world, such as the 

function of a pencil 

 Implicit 
memory/Procedural 
memory. Skills, habits, such as 

how exactly to use a pencil or 

ride a bicycle. 



Example of a long term memory task: 

delayed match to sample task
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Q



D





Stages in memory processing



Why do we forget?

Failure to store information
Failure to retrieve: tip of the tongue
Time decay
Interference
Primacy and recency effects
Insufficient practice



Some tips to avoid forgetting

 Make sure you are paying attention!!!

 Separate essential from nonessential details and focus on the most 
important

 Strategies:

◦ Maintenance rehearsal: repetition and review of information 

◦ Elaborative rehearsal:  connect new information with what we know 
already

 Focus on meaning, not memorization
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II. Patient HM: a bridge between the 

classical cognitive neuropsychology and 

the modern neuroimaging 



Before patient HM…some basics about our 
brain

The most complex organ in humans Weight < 1.5 kg
More than 100.000 million of neurons Maturity: 30 years



Patient H.M.

 1957 (Scoville & Milner)

 Surgical treatment of epilepsy with removal of the medial

temporal lobe:

◦ Positive effects of surgery: less epileptic seizures

◦ Negative effects of surgery: amnesia to remember

new information

 BUT ALSO Intact memories from his childhood

 WHAT WAS HAPPENING? The removing of the medial

temporal lobe might be related to memory.

 HOW TO TEST THIS HYPOTHESIS? By ‘taking pictures’

of the medial temporal lobe in the brain

Neuroimaging

Thanks to neuroimaging we currently know that the medial temporal lobe 
(hippocampus) play a critical role in the convertion from short term 

memory to long term memory: memory consolidation



◦ Structural = anatomy. Grey matter tracts, white matter tracts

◦ Functional = functions. Cognitive functions: memory, language, 

perception, attention, etc.

Neuroimaging
Structural

Functional
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III. What is functional neuroimaging?



 The study of brain function based on ‘brain pictures’ taken from these techniques:

◦ Functional Magnetic Resonance Imaging (fMRI)

◦ Electroencephalography (EEG)

◦ Magnetoencephalography (MEG)

◦ Positron Emission Tomography (PET)

 Objective: to understand how the brain works, in terms of its physiology (cells = 
neurons), architecture (anatomy = brain regions) and their dynamics 
(connections between neurons). 



One example: functional magnetic 
resonance imaging (fMRI)
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IV.  A new era in neuroscience: the 
cognitive psychology/functional 

neuroimaging tandem



Let’s focus again on memory representation



Memory and the brain

http://www.scholarpedia.org/w/images/6/62/Fig11.jpg


Towards a new phrenology??

 Phrenology:  very important science 

developed by Franz J. Gall (1796).

 Postulate: brain areas have localized and 

specific functions.

 Gall's assumption that character, 

thoughts, and emotions are located in the 

brain is considered an important 

historical advance towards 

neuropsychology BUT…

The brain is a more complex system…cognitive functions 
(memory) are not identified just with one specific brain 

region!!!



The new conception of memory

 No cognitive function is identified with a unique brain area:
memory function does not reside in one specific region
(Fuster, 2003)

 Importance of emotions in memory processing: Memories
associated to emotional events are difficult to forget.

 Emphasis in the entire neural network. What is a neural network?!!
Connections between neurons in the human brain



Again…

The key element is to understand how neurons are

connected within the network rather than focusing
attention on unique brain areas



Again, and again…

 The 'whole' is greater than the sum of its parts (Gestalt
psychology, beginning of the 20th Century)

◦ Whole = neural networks

◦ Parts = individual areas

Gestalt

Modern neuroscience



Again, and again, and again…

The neural network is of crucial importance



And…after more than one hundred years 
of research, Is this the conclusion???



Yes, it is!!!

Easy to understand but complex to 
operationalize with very important 

implications…



Implications

 A better understanding of the brain guides successful
treatments in:

◦ Normal aging

◦ Pathological aging:  Alzheimer’s disease, dementia in general

◦ Traumatic brain injury

◦ Tumours 

.

.

.

◦ Etc.
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V. For example…normal aging



 The increase in life expectancy is not always accompanied by an
increase in the quality of life: we grow older but not in optimal
conditions.

 What is normal aging? Aging without disease. Physiological
changes that do not involve a pathological process.

 What ‘normal aging’ must be? No dramatic changes that allow
the person to enjoy a good function of mind and body, to live
independently, and with a good quality of life.



Normal aging ≠ pathology

Normal aging ≠ death

Normal aging ≠ Alzheimer´s disease (dementia)

Normal aging = one more stage in life

Normal aging = collect what we have
sowed during our entire life...ENJOY!!



How neuroscience can help to grow old 
optimally?

Theoretical framework
Biological aspects of aging

Everyday activities/Treatments
Practical aspects to train

Improvement of 
quality of life



Theoretical framework
How does neuroscience explain normal aging?

 Normal aging is not caused by the loss of neurons: decreases in the number of 

synaptic connections and neuromodulation (neurotransmitter acetylcholine)

 Difficulties to learn new information and rigidity to modify existing representations

 Most prominent decline in episodic memory (memory for autobiographical events)

 Impairments in different neural networks: 

◦ Prefrontal cortex: make plans or decisions

◦ Medial temporal lobe: store new memories 



Everyday activities
How could we improve our memory?

Some tips to keep our brain active

http://www.rtve.es/television/20111111/alma-esta-red-
del-cerebro/474693.shtml



Take-home message...



Where in my brain is my past?

Everywhere

Everywhere

Everywhere

Everywhere

Everywhere

Everywhere

Everywhere

Everywhere

Everywhere

Everywhere

Everywhere
EverywhereEverywhere

Everywhere



Thanks for your attention
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