
�an you �ntroduce the ma�n a�m of the 
M��Pro�ect�

We�re �nterested �n understand�ng the 
remarkable ab�l�ty humans possess to 
store memor�es that can last a l�fet�me� 
Our bra�ns conta�n tens of b�ll�ons of bra�n 
cells � neurons � that are l�nked together 
by connect�ons called synapses� Each 
cort�cal neuron connects to thousands of 
other neurons, and �t �s generally assumed 
that memor�es are stored by mod�fy�ng 
the strength of those connect�ons� The 
real challenge �s to understand how those 
mod��cat�ons can st�ll be �ntact decades later, 
desp�te the fact that the bra�n �s cont�nuously 
be�ng rebu�lt� 

What prompted you to �nvest�gate how 
humans recogn�se past v�sual and 
aud�tory st�mul� that have not resurfaced 
for�decades� 

One of the �rst challenges has been to prove 
beyond doubt that we can recogn�se a v�sual 
or aud�tory st�mulus that could not have been 
react�vated for a long t�me� Most of us have 
had the exper�ence of recogn�s�ng an old 
telev�s�on programme we bel�eve we haven�t 
seen s�nce ch�ldhood� However, how can we 
be absolutely sure we d�dn�t acc�dentally see 
�t at some more recent po�nt and have s�mply 
forgotten about �t� To address th�s quest�on, 
�hr�stelle Larzabal, a doctoral student 
work�ng on the pro�ect, has used the French 
Nat�onal Aud�ov�sual Inst�tute (INA)�s superb 
arch�ves to obta�n the theme tunes of around 
�� French TV programmes from the ����s, 
��s and early ��s that we know have never 
been rebroadcast� They are not on YouTube, 
nor ava�lable on DVD or v�deo� We already 
have an example of someone, currently 

�n the�r ��s, who can expl�c�tly remember 
deta�ls such as the t�tle of, or key character 
�n, a TV programme they could not have seen 
for decades�

If we really are able to keep memor�es �ntact 
for several decades w�thout react�vat�on, then 
th�s challenges current theor�es about how 
�nformat�on �s stored �n the bra�n� �ons�der 
the problem of stor�ng a complete memory 
trace �n b�olog�cal hardware� Most researchers 
would accept that the bas�c mechan�sm 
underly�ng the format�on of memor�es 
�nvolves mod�fy�ng the strength of the synapt�c 
connect�ons between neurons� And �t �s 
generally bel�eved that synapt�c connect�on 
strengths are cont�nuously mod��ed by 
ongo�ng act�v�ty� How then could a part�cular 
pattern of connect�ons be ma�nta�ned over 
per�ods of several decades� 

Why �s the M� Pro�ect�s theory deemed 
h�ghly controvers�al� 

The �dea that we have �grandmother cells� 
�s controvers�al and very few sc�ent�sts 
take �t ser�ously � at least �n publ�c� But, �n 
our op�n�on, �t �s currently the only v�able 
explanat�on for how our bra�ns can keep 
memor�es �ntact for decades� If a neuron 
responded select�vely to the M�ss�on 
Imposs�ble theme tune, for example, �t could 
be used to store the long-term memory 
for that �lm� But �f �t also responded to a 
range of unrelated st�mul�, each t�me those 
unrelated st�mul� are shown, the or�g�nal 
select�v�ty would be lost due to a sp�ke-t�m�ng 
dependent plast�c�ty mechan�sm� We make 
the equally controvers�al suggest�on that as 
much as �� per cent of our cort�cal neurons 
may be completely �nact�ve� they effect�vely 
const�tute a sort of �neocort�cal dark matter� 

composed of neurons that are s�tt�ng 
around wa�t�ng for some long lost st�mulus 
to�reappear�

Is there potent�al for develop�ng 
art��c�al systems that harness the 
bra�n�s arch�tecture for h�ghly select�ve 
process�ng�power� 

The process�ng arch�tectures we are 
propos�ng can be s�mulated on ord�nary 
computer hardware� Back �n ���� we 
set up Sp�keNet Technology, a company 
that develops b�o-�nsp�red algor�thms for 
�mage process�ng and ob�ect recogn�t�on� 
We can harness the latest developments 
�n graph�c process�ng un�t arch�tectures 
to accelerate these algor�thms, and we 
have a couple of students work�ng to 
develop real t�me sp�ke-based methods 
for aud�tory and v�sual process�ng� But 
the really exc�t�ng test �s to develop 
spec��c hardware that can d�rectly 
s�mulate synapses us�ng s�mple electron�c 
elements called memr�stors � effect�vely 
res�stors that can be mod��ed by learn�ng�

How do you see your pro�ect�s research 
progress�ng �n the next �ve to �� years�

Well, I�m very amb�t�ous� I�ve got a long l�st 
of provocat�ve cla�ms that I want to test, and 
�f any of them turn out to be true, then we 
w�ll have made s�gn��cant progress� But I 
wouldn�t be at all surpr�sed �f th�ngs turn 
out d�fferently to what we expected� That�s 
what happens when you are explor�ng a new 
area of research � you have to be ready to 
come across results you can�t expla�n� And 
often, you end up w�th more quest�ons than 
you started w�th� But that�s what makes 
sc�ence�exc�t�ng�

Dr S�mon J Thorpe and h�s collaborators are �nvest�gat�ng the b�olog�cal mechan�sms that allow 
humans to recogn�se v�sual and aud�tory st�mul� that they have not exper�enced for decades

Explor�ng memory lane

www��nternat�onal�nnovat�on�com ��

�O�NITIVE NEUROS�IEN�E



OUR ABILITY TO reta�n long-term memor�es 
has always been a puzzl�ng phenomenon for 
sc�ent�sts� Whether humans can �ndeed recall a 
memory from several decades ago st�ll rema�ns 
a matter of con�ecture� It �s known that people 
�n old age are able to recogn�se v�sual and 
aud�tory st�mul� from ch�ldhood, such as a tune 
or �mage� However, �t �s d�f� cult to determ�ne 
whether the�r memory �s de� n�tely from a 
long t�me ago or whether there has been an 
�ntermed�ary stage, where the same memory 
has resurfaced and the recogn�t�on ar�ses from 
th�s newer memory� 

THE M� PROJE�T
The M� Pro�ect� Memory Mechan�sms �n Man 
and Mach�ne was created �n order to � nally 
prov�de answers to th�s age-old quandary� A 
team of sc�ent�sts led by Pr�nc�ple Invest�gator 
Dr S�mon J Thorpe �s explor�ng potent�al 
b�olog�cal mechan�sms that could allow long-
term memor�es to rema�n �ntact w�thout the 
poss�b�l�ty of react�vat�on� As Thorpe expla�ns, 
the group has recently made some headway� 
�We have �dent�� ed a mechan�sm �nvolv�ng the 
format�on of h�ghly select�ve neurons that are 
totally s�lent unless the or�g�nal st�mulus �s 
presented aga�n�� By rema�n�ng s�lent, these 
neurons are effect�vely able to ma�nta�n the�r 
or�g�nal select�v�ty �nde� n�tely, unt�l re-�n�t�ated 
by the or�g�nal st�mulus�

The M� Pro�ect has been funded by the 
European �omm�ss�on s�nce May 
���� Its 
researchers are us�ng an �nterd�sc�pl�nary 
approach to assess the neurolog�cal factors 
that affect long-term memory and are 
attempt�ng to harmon�se a w�de range of 
methodolog�cal approaches, from novel 

protocols �n psychology and neurosc�ence 
to computat�onal modell�ng and hardware 
development� The�r current work focuses on 
val�dat�ng ��� provocat�ve cla�ms� about human 
sensory memor�es, and has produced some 
prom�s�ng prel�m�nary results� 

�RANDMOTHER �ELLS
When a memory �s react�vated, neurons �n 
the neocortex generate a ser�es of electr�cal 
pulses, or �sp�kes�, wh�ch are �n�t�ated by 
the recogn�t�on of a fam�l�ar aud�o or v�sual 
st�mulus� The theory of �grandmother cells� 
refers to the hypothes�s that some neurons 
may act�vate rarely, only tr�gger�ng when they 
encounter a part�cular complex st�mulus 
such as a concept or ob�ect � a fam�l�ar face, 
for �nstance� One of the provocat�ve cla�ms 
concerns the �dea that old memor�es rely on 
the creat�on of these h�ghly select�ve neurons� 
�If a neuron �s select�ve enough,� Thorpe 
pos�ts, ��t should never � re at all unless the 
or�g�nal st�mulus �s presented aga�n� And s�nce 
synapses only change when there �s a sp�ke, 
th�s would allow the neuron to keep the trace 
stored dur�ng the or�g�nal learn�ng, even after 
several decades�� 

Accord�ng to Thorpe, �t �s poss�ble that 
h�gher-order assoc�at�on areas could conta�n 
tens of m�ll�ons of such neurons, each tuned 
to part�cular sensory st�mul�� Th�s would 
mean that the bra�n effect�vely conta�ns a 
�neocort�cal dark matter� of �nact�ve neurons 
that may not have � red for months, years 
or even decades� Such neurons would not 
exh�b�t any electr�cal act�v�ty, render�ng them 
�nv�s�ble to many of the techn�ques currently 
used to record bra�n act�v�ty� Th�s �s at 

present a hypothes�s, and researchers at the 
M� Pro�ect are work�ng on prov�d�ng ev�dence 
for �ts ex�stence� 

SPIKE�TIME DEPENDENT PLASTI�ITY
In the late ����s, sc�ent�sts d�scovered 
that �f an �nput sp�ke to a neuron occurs 
�mmed�ately before �ts output sp�ke, then 
the �nput �s strengthened� On the other 
hand, �f an �nput sp�ke occurs �mmed�ately 
after a neuron�s output sp�ke, the �nput �s 
weakened� Th�s process �s called sp�ke-t�me 
dependent plast�c�ty (STDP)� �STDP enables 
neurons to become select�ve to essent�ally 
any spat�o-temporal pattern of �ncom�ng 
sp�kes �f that pattern occurs repeatedly,� 
asserts Thorpe, allud�ng to a key � nd�ng 
of the M� Pro�ect team� If a neuron does 
not have sp�kes, the synapt�c strengths w�ll 
not be altered� Th�s means that a h�ghly 
select�ve neuron that never re-encounters 
�ts or�g�nal st�mulus w�ll not � re any sp�kes, 
so there w�ll be no changes �n the synapt�c 
we�ghts� Therefore, neurons wh�ch rema�n 
completely s�lent would be able to ma�nta�n 
the�r select�v�ty forever�

Researchers at the Bra�n and �ogn�t�on Research �enter �n Toulouse, France, are val�dat�ng �� 
provocat�ve cla�ms that, �f proved correct, would s�gn�� cantly challenge current theor�es on the 
human ab�l�ty to reta�n long-term memor�es

Ten provocat�ve cla�ms

Act�vat�ng grandmother cells�
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