' DO WE LEARN BY HEART?

We usually remember pretty well
the first time we fell in love or our
first heartbreak. However, it is not
quite as easy to remember where
we parked the car last month.

What distinguishes a lasting mem-
ory from one that fades away? In
recent years, a certain number of
research studies, as much in Psy-
chology as in Neuroscience, tend
to demonstrate that emotions are
at the heart of the processes of
learning and memorization. How do
emotions influence memory? Do we
need to feel in order to learn?

From a psychological perspective, elici-
ting an emotion makes it possible to
direct attention, something that is ne-
cessary for learning and memorization
(Green, 1999).

In class, students seem to appreciate
teachers who stimulate their affective
sides. In fact, two of the main qualities
that characterize good teachers, as iden-
tified by students, are the enthusiasm
they emit and their senses of humour
(Saint-Onge, 1987). These same qualities
emerge from an interview, conducted by
Savoie-Zacj in 1994, with 15 students
who were considering dropping out of
school (see Viau, 2005). And yet, en-
thusiasm and humour have a lot more
to do with emotions than with course
content... So, can emotional elements
directly influence the construction of
memories?

According to Favre, a teacher-researcher
in Education at I'Université de Montpellier,
“a subject’s emotional state interferes
constantly with the processing of infor-
mation. There is therefore no cognitive
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functioning that is independent of emotional functioning” (Favre, 2006). Thus, still
according to Favre, we must think of learning as a process that is not only cognitive
but also emotional.

Unfortunately this reality is often underestimated. Take for example, Viau who is
recognized for his work on motivation in the school context and who writes that the
influence of emotions is secondary in the process of motivation (Viau, 1994, p.102).
Another example, Piaget and Gardner who, for legitimate reasons of methodology
simplification, disassociated cognitive and affective (emotional) processes (Favre,
2006). Given the major influence of these two researchers in the world of pedagogy,
some authors believe that his disassociation has helped to amplify the tendency
to separate body (emotions) and mind (cognition) during learning (ibid.). The
evolution of scientific knowledge and its diffusion could, however, give emotions
their rightful place in the processes of learning and memorization. Here are, briefly,
some of the scientific findings that may prove to be useful to teachers.

D FROM PSYCHOLOGY TO NEURONS...

The brain is the seat of emotions and of learning. It is made up of billions of cells
called neurons that form vast communication networks. These networks make it
possible, for example, to associate different stimuli (such as the scent of a flower
and the sight of this flower) or to store certain events in memory. Within these
networks, the neurons communicate amongst themselves by generating electrical
impulses. However, each neuron remains completely isolated from its neighbours.
So, then, how do they manage to communicate with each other? By using one type
of key known as a neurotransmitter.

When a neuron wants to send a message to its neighbour, it releases a neurotrans-
mitter into the space between them. This space is referred to as a synaptic cleft.
When the neurotransmitter reaches the neighbouring neuron, it acts like a key
that fits into a lock: it unlocks a door. When the door is unlocked, the second neuron
is informed that it has just received a message from its neighbour and one that it
can, in turn, transmit.

It is however important to clarify that the second neuron does not automatically
transmit a message when it receives neurotransmitters from a neighbour. Before
that, the first neuron must release enough neurotransmitters. In other words, in
order for the second neuron to react, the first neuron must be sufficiently insistent.
Next, the second neuron must expose a sufficient number of “locks” on its surface.
These “locks” called AMPA!, can be compared to ears that make it possible to hear
the messages from neighbouring neurons. The more ears that are exposed, the
more the message is likely to be heard, and, in the end, transmitted.

* The author wishes to thank Luc Desautels, Ph.D. for his valuable comments and his judicious advice.

T AMPA: Alpha-amino-3-hydroxy-5methyl-4isoxazole proprionic acid
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In this figure, the neuron on top releases its
neurotransmitter (circle) in the space between the
two neurons (synaptic cleft). b

This neurotransmitter places itself in its g
AMPA “lock” (little white boxes on the surface
of the bottom neuron).

We know today that when we memorize something, a specific network of neurons
develops in a variety of brain structures (Laroche, 2001). When we recall this
memory, all that is necessary is to activate the corresponding network. The stronger
the network, that is, when the neurons in the network release a lot of neuro-
transmitters and expose a large number of AMPA locks, the more durable will be
the corresponding memory (ibid.). The more frequently a network is solicited, that
is, the more often it is activated, the more solidified it becomes. Put another way,
the more frequently a memory is recalled, the more it consolidates. This, by the way,
is what explains why some people who suffer from Alzheimer’s disease remember
very old events but forget the most recent ones...

D FROM NEURONS TO MEMORY...

Memory is not located in a specific place in the brain. However, it is constructed
mainly in a structure situated in the centre of the brain called the hippocampus.
It is inside this cerebral structure that the networks of neurons associated with
memory develop — especially long-term memory.

Corpus callosum

Thalamus
The hippocampus is a structure located in the
middle of the brain. It is involved in the process of
long-term memorization. It is interesting to note the
proximity of the hippocampus and the amygdala, a
structure involved with emotions.

. Cerebellum
Hippocampus

In 1973, a team of researchers discovered how the networks of neurons in the hippo-
campus manage to consolidate; that is, how they release more neurotransmitters
and expose more locks. By applying a weak, very brief electrical charge to sections
of the hippocampus, the researchers observed that the stimulated circuits became
more sensitive (easier to activate) and that this sensitivity lasted several weeks, even
months! They named this phenomenon long-term potentiation or LTP (ibid.).

Today we have a better understanding
of how this long-term potentiation func-
tions. The weak electrical charge applied
causes the neurons to release many
more neurotransmitters than normal
in the synaptic cleft. The latter attach
themselves, as they normally do, to the
AMPA locks of the second neuron. How-
ever, the excess neurotransmitters re-
leased manage to unlock a second type
of lock called NMDA?Z.

NMDA locks are much more difficult
to unlock - hence the necessity for a
larger number of neurotransmitters.
However, when they are unlocked, they
send a signal to the neuron to make
more AMPA locks and to expose them in
the synaptic cleft (Hu, Real, Takamiya,
Kang, Ledoux, Huganir and Malinow,
2007). In other words, when they are
unlocked, the NMDA locks order the
neuron to produce more ears to hear
its neighbours’ signals even better. The
result is a consolidation of the network.

Figure 3 — LTP
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In A, a large number of released
neurotransmitters manage to unlock the
type of lock called NMDA (little black box).
Once opened, the NMDA lock transmits

a message to the neuron asking for more
AMPA type locks (little white boxes) to be
made. This request is represented here by
an arrow.

In B, the new AMPA locks have been made
and transmitted towards the synaptic cleft,
where they will finally be exposed. The
result is a larger number of AMPA locks in
the synaptic cleft, thereby consolidating
the communication between the two
neurons involved.

2 NMDA: N-Methyl-D-aspartate

2 PEDAGOGIE COLLEGIALE  VOL. 23 N° 2 wINTER 2010




D FROM EMOTION TO MEMORY...

These weak electrical impulses, applied
in order to generate LTP and the con-
soli-dation of a network of neurons,
also occur naturally. The neurons them-
selves are capable of producing them
under certain conditions. Furthermore,
it seems that a region of the brain lo-
cated very close to the hippocampus
facilitates the release of LTP in the hip-
pocampus. We refer here to the amyg-
dala. This structure plays a major and
pivotal role in the release of emotions
(Abe, 2001).

[...] the impulses associated with
emotions could modulate the dura-

bility of neuronal networks linked
to memories.

In addition, the amygdala maintains very
close ties to the hippocampus: many
neurons in the amygdala communicate
with the hippocampus and vice versa.
Moreover, we can observe the close rela-
tionship between these two structures
in Figure 2.

Experiments on animals with lesions
that had been caused in the amygdala
region demonstrated that their hippo-
campus had much more trouble gen-
erating LTP and this translated into
greater difficulty with learning and
memorization. For example, the animals
had much more difficulty finding their
way through a maze than those in the
control group (Abe, 2001). Another ex-
periment showed that stimulating cer-
tain areas of the amygdala — which, as we
mentioned earlier, is involved in trigger-
ing emotions — leads certain neurons in
the hippocampus to generate LTP more
easily, a necessity in the consolidation
of networks (Abe, 2001). These experi-
ments strongly suggest that impulses
emanating from the amygdala can mo-
dulate the solidity of the neuronal net-
works of the hippocampus.

In other words, impulses associated with emotions could modulate the durability
of neuronal networks linked to memory.

A study conducted by Meyer and Turner in 2006 would suggest that learning
requires positive emotional experiences because the process involves self-esteem.
Viau (1994) had already mentioned the importance of “one’s own perception of
being able to succeed in a task” as a source of motivation and success. In light of the
relationship that exists between the amydala and the hippocampus, it is tempting
to conclude that positive emotions act more directly on learning and memorization
than we used to believe...

D FROM MEMORY TO THE CLASSROOM...

The most recent publications in the world of pedagogy very closely espouse the
student-centred paradigm. For example, many of them suggest an active role for
students in order to favour the construction of knowledge. However, few of these
publications have dealt with the neurobiological processes that underlie all learning.
The latest developments in Neuroscience suggest that when information is emo-
tionally charged, it is more easily stored in memory. The affective component in
class could therefore have implications for learning by acting not only on self-esteem
and perception of one’s ability to succeed, but more directly on strengthening the
memorization process. We could then think that, together with recent knowledge
developed in the context of student-centred learning, the information-emotion
connection could further improve students’ retention of knowledge.

Since the appearance of this paradigm, teachers have now had added to their
function of being masters of their disciplines, that of being organizers of learning
situations. In view of the new scientific breakthroughs discussed here, we could
think of adding a third function: teachers could offer knowledge with an emotional
tone. By doing so, they would make it easier for students to convert information
into knowledge and then into memory. Who knows? The inclusion of an emotional
charge during the construction of knowledge might allow students to remember as
easily as they can recall the first time they fell in love... ®
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