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Our brains change during adolescence and adulthood, and our memory
changes with them. Moreover, our memory is a reconstructive process that
is susceptible to distortion. In this article, we discuss the biological
structure of memory. We also cover the topic of different types of memory
and their strengths and weaknesses. We thus try to answer the intriguing

question of how memories are formed, stored, and activated.

Memory and Memories

Memory is one of the crucial processes that decide who we are. Itis a
complex operation, which includes encoding, storing, and retrieving all of
the information that reaches us throughout our lives. Memory is an
essential part of our transformation from newborns to adults. But the
principle of memory operation remains a mystery. It is often cited among

the problems that we should solve within the next fifty years'.

In general, there are two kinds of memories, which can differ in two

aspects: duration (time) and incapacity (storage)*. Short-term memory

processes sensory information and can store it for a short time. After some
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time, data is either transferred to long-term memory or discarded as not

important and forgotten. Short-term memory is brief and time-limited.

Long-term memory seems like unlimited storage that can collect
information for many years. It contains our knowledge of the world, our
skills, and memories of important days such as birthdays and anniversaries
of events. Some of them fade quickly, while others can last for years. In
long-term memory, we can distinguish two types: implicit memory, which is
recalled unconsciously and refers to procedural memories like walking,
talking, or driving a car, and explicit memory, which involves conscious
effects that can be episodic or semantic. The first one recalls the episodes
in our life such as details of our first day at school, our first kiss, or a
particular vacation. The second one is related to general facts and
knowledge, e.g., remembering the names of colors, capitals of countries,

and how to use the phone.

Hippocampus — an essential structure
for memory

In general, the human brain consists of nerve cells called neurons
responsible for processing and forwarding various types of stimuli (visual,
auditory, olfactory, etc.)®. Different stimuli responses are strictly defined

by neural activity. Our memories are activated by different types of neurons
placed in other parts of the brain. As a result, memories are also stored in
different parts of the brain. The location of these places depends on the
role played by memory. Some regions are involved in remembering episodic

facts that happened to us, while others correspond to general truths.

One of the most essential brain elements responsible for memory is a tiny,
curvy structure that looks like a seahorse called the hippocampus ®7. It is
connected with the amygdala, which is responsible for emotions, as shown
in Figure 1. The hippocampus also combines particular sensations with
emotions and serves a crucial role in learning. In the brains of birds and

many other animals, it is associated with navigation: it helps us cross the
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mazes of modern cities. This structure is so crucial that we would be

unable to remember how to draw a square on a piece of paper without it!

It is also essential for creating new memories. Did you know that the
hippocampus can grow when it is regularly trained? Taxi drivers tend to
have a hippocampus a bit larger than other drivers due to the constant
stimulation of this part of the brain by their navigation through the city.
Growth of the hippocampus during task repetition means that new neurons

are created.

AMYGDALA

HIPPOCAMPUS

Figure 1. Hippocampus location in the brain. Image credit Magdalena Osial

Forget it or not

Have you ever wondered why we forget things or how to improve memory?
We remember better if our senses and emotions are involved in doing
something. The stronger the stimulus is, the stronger and better memories
we retain. When we engage our brains’ emotions and feelings, neurons

send stronger signals to each other, resulting in stronger and longer-lasting
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connections'?.

For example, when we only sit and learn a boring list of words by heart, we
can remember only a few of them. On the other hand, when we go through
emotional situations, whether funny or tragic, we remember them for years!
Moreover, when we do something many times, we store it in our memory
for a long time. This is strongly related to the signals in our brain that are
transmitted between neurons. When the signal is repetitive, new
connections are formed between neurons. These connections are

called synapses. Frequently used neural connections get stronger, while

rarely used ones get weaker until they disappear, making us forget.

Our memory, despite its uniqueness, is not an ideal process’2. It has
decreasing accessibility with time (i.e., it is transient). Common memory
failure is connected to lapses of attention and forgetting to do things.
Temporary blockage of certain memory areas can also be caused by
intense, traumatic experiences or accidents. Suggestibility, retrospective
distortions, or attribution of memories to incorrect sources are just some of
the errors that our memories may be subject to. In summary, our memory

can play many tricks on us.

Genius inside

Some of us cannot remember faces, even of our family members, for our
whole lives. That neurological condition is called prosopagnosia or face-
blindness. If a person has this condition, their brain will use alternative
strategies to recognize people, such as remembering voices, hairstyles, or

clothing.

Another interesting condition is synesthesia, wherein when one certain
sense is activated, another unrelated one is activated concurrently'®. Let's
consider your phone number. Perhaps you remember the digits, but for
people with synesthesia, it can also be an order of colors or smells that

correspond to a particular digit. Synesthesia is not a disease. It is just an
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alternative “wiring” of the brain that may help us remember things. That

makes their memory better than average.

Savants are people that have savant syndrome, and they are real memory
masters. Some of them can remember all the books they read, learn a new
language within just a few days, or recall what they had for breakfast on any
given morning of the year. All these skills are only thanks to a beautiful

memory'®.

Short-term memories last only seconds, minutes, or hours, while long-term
memories last for many years. Working memory lets us keep the
information in our mind by repeating it many times, while emotions
intensify. You probably do not remember all the names of your elementary
school teachers. Still, you will never forget the names of your favorite or
strictest ones. If we meet someone who makes us feel strong emotions, we
will probably remember them and the message we got from them for a long

time.

This article is a joint work of Magdalena Warczak (/nstitute of Physical
Chemistry, Polish Academy of Sciences), Agnieszka Pregowska (/nstitute of
Fundamental Technological Research, Polish Academy of Sciences), Karol
Masztalerz (Faculty of Science and Engineering, University of Manchester),
and Magdalena Osial (/nstitute of Fundamental Technological Research,
Polish Academy of Sciences, and Faculty of Chemistry, University of

Warsaw) as a part of Science Embassy project.
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