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IL PERCORSO DEL SEGNALE VISIVO DALLA 
RETINA ALLA CORTECCIA CEREBRALE
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La trasmissione del segnale visivo

Vogliamo capire il legame che c’è tra i segnali •
genera6 nella re6na e quello che percepiamo
L’idea è di quella di ripercorrere il tragi9o che •
effe9ua il segnale dalla re6na fino alla 
corteccia cerebrale dedicata alla visione

Come? Determinando come i neuroni delle –
diverse aree rispondono a s6moli presenta6 nella 
re6na
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Figure 11.2 Central projections of reti-
nal ganglion cells. Ganglion cell axons
terminate in the lateral geniculate
nucleus of the thalamus, the superior
colliculus, the pretectum, and the hypo-
thalamus. For clarity, only the crossing
axons of the right eye are shown (view
is looking up at the inferior surface of
the brain).

ganglion (see Chapter 19). Neurons in the ciliary ganglion innervate the con-
strictor muscle in the iris, which decreases the diameter of the pupil when
activated. Shining light in the eye thus leads to an increase in the activity of
pretectal neurons, which stimulates the Edinger-Westphal neurons and the
ciliary ganglion neurons they innervate, thus constricting the pupil.

In addition to its normal role in regulating the amount of light that enters
the eye, the pupillary reflex provides an important diagnostic tool that
allows the physician to test the integrity of the visual sensory apparatus, the
motor outflow to the pupillary muscles, and the central pathways that medi-
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Figure 11.3 The circuitry responsible
for the pupillary light reflex. This path-
way includes bilateral projections from
the retina to the pretectum and projec-
tions from the pretectum to the
Edinger-Westphal nucleus. Neurons in
the Edinger-Westphal nucleus termi-
nate in the ciliary ganglion, and neu-
rons in the ciliary ganglion innervate
the pupillary constrictor muscles.
Notice that the afferent axons activate
both Edinger-Westphal nuclei via the
neurons in the pretectum.
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Immagine tra+a dal libro Sensa2on and Percep2on, J. Wolfe
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Rappresentazione del percorso Visivo

la via neurale che partendo dall’occhio arriva •
al tronco dell’encefalo.
Prima di arrivare nel tronco dell’encefalo gli •
assoni passano per tre stru:ure:

Nervo o=co–
Chiasma o=co–

le vie visive si incrociano (decussano) e •
successivamente danno origine al tra:o o=co

Tra:o o=co–
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Rappresentazione del percorso Visivo

• La maggior parte dei segnali che lasciano la 
retina attraverso il nervo ottico raggiungono il 
Nucleo Genicolato Laterale (NGL) nel talamo

• Da qui raggiungono la principale regione del 
cervello dedicata alla visione
– La corteccia striata
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Rappresentazione del percorso Visivo

• Dalla corteccia striata il segnale si trasmette 
attraverso due percorsi: 
– Uno che lo porta al lobo temporale
– Un altro che attraversa il lobo parietale

• Il segnale visivo raggiunge anche parti del lobo 
frontale del cervello
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Dove finiscono gli assoni del tra1o o2co che •
non innervano il NGL?
Ipotalamo• : funzione di sincronizzare i ritmi 
biologici come sonno-veglia
Prete1o:• controllano il diametro della pupilla 
e alcuni movimenB oculari
Collicolo• superiore:  (circa il 10%) controllano 
il movimento degli occhi e della testa per 
portare in visione foveale il punto d’interesse 
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Il Nucleo Genicolato Laterale

Cosa succede al segnale che arriva al NGL?•
Registrazioni tra9e dai neuroni nel NGL •
mostrano una stru9ura del campo rice<vo 
simile a quella della re>na

Configurazione Centro– -periferia
Replica fedele della stru9ura delle cellule •
gangliari

Trasmissione dire9a del segnale?–
Che ruolo svolge il NGL?–
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Il Nucleo Genicolato Laterale

La funzione principale non è di creare nuove •
proprietà dei campi rece8vi, ma di regolare il 
flusso dell’informazione visiva dalla re>na alla 
corteccia striata
Circa il 90% degli assoni re>nici va al corpo •
genicolato laterale (NGL) 

sono il 10– -20% delle afferenze totali al NGL
altre provengono dalla corteccia o dal tronco •
dell’encefalo e sono spesso a feedback
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Il Nucleo Genicolato Laterale

Per ogni 10 impulsi nervosi che •
il NGL riceve dalla re:na, solo 4 
sono invia: alla corteccia 
striata. 
Il NGL è un luogo non solo per la •
regolazione dell’informazione 
visiva, ma anche un posto per 
l’organizzazione 
dell’informazione

run through it (Glickstein, 1988). From the striate cortex, 
signals are transmitted along two pathways, one to the tem-
poral lobe and the other to the parietal lobe (blue arrows). 
Visual signals also reach areas in the frontal lobe of 

1VLthe brain.
Figure 4.1b shows the visual system as seen from the 

underside of the brain. In addition to showing the pathway 
from eye to LGN to cortex, this view also indicates the loca-
tion of the superior colliculus, an area involved in control-
ling eye movements and other visual behaviors that receives 
about 10 percent of the fi bers from the optic nerve. This 
view also shows how signals from half of each retina cross 
over to the opposite side of the brain.

From the pictures of the visual system in Figure 4.1 it is 
clear that many areas of the brain are involved in vision. We 
begin considering these visual areas by following signals in 
the optic nerve to the fi rst major area where visual signals 
are received—the lateral geniculate nucleus.

Processing in the Lateral 
Geniculate Nucleus
What happens to the information that arrives at the lateral 
geniculate nucleus? One way to answer this question is to 
record from neurons in the LGN to determine what their 
receptive fi elds look like.

Receptive Fields of LGN Neurons Recording 
from neurons in the LGN shows that LGN neurons have 
the same center-surround confi guration as retinal ganglion 
cells (see Figure 2.18). Thus, neurons in the LGN, like neu-
rons in the optic nerve, respond best to small spots of light 
on the retina. If we just consider the receptive fi elds of LGN 
neurons, we might be tempted to conclude that nothing is 
happening there. But further investigation reveals that a 
major function of the LGN is apparently not to create new 
receptive fi eld properties, but to regulate neural information 
as it fl ows from the retina to the visual cortex  (Casagrande & 
Norton, 1991; Humphrey & Saul, 1994).

Information Flow in the Lateral Geniculate 
Nucleus The LGN does not simply receive signals from 
the retina and then transmit them to the cortex. Figure 4.2a 
shows that it is much more complex than that. Ninety per-
cent of the fi bers in the optic nerve arrive at the LGN. (The 
other 10 percent travel to the superior colliculus.) But these 
signals are not the only ones that arrive at the LGN. The 
LGN also receives signals from the cortex, from the brain 
stem, from other neurons in the thalamus (T), and from 
other neurons in the LGN (L). Thus, the LGN receives infor-
mation from many sources, including the cortex, and then 
sends its output to the cortex.

Figure 4.2b indicates the amount of fl ow between the 
retina, LGN, and cortex. Notice that (1) the LGN receives 
more input back from the cortex than it receives from the 
retina (Sherman & Koch, 1986; Wilson, Friedlander, & 
Sherman, 1984); and (2) the smallest signal of all is from 

the LGN to the cortex. For every 10 nerve impulses the LGN 
receives from the retina, it sends only 4 to the cortex. This 
decrease in fi ring that occurs at the LGN is one reason for 
the suggestion that one of the purposes of the LGN is to 
regulate neural information as it fl ows from the retina to 
the cortex.

But the LGN not only regulates information fl owing 
through it; it also organizes the information. Organizing 
information is important. It is the basis of fi nding a docu-
ment in a fi ling system or locating a book in the library and, 
as we will see in this chapter, in the fi ling of information 
that is received by structures in the visual system. The LGN 
is a good place to begin discussing the idea of organization, 
because although this organization begins in the retina, it 
becomes more obvious in the LGN. We will see that the sig-
nals arriving at the LGN are sorted and organized based on 
the eye they came from, the receptors that generated them, 
and the type of environmental information that is repre-
sented in them.

 Following the Signals From Retina to Cortex 75 
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Figure 4.2 ❚ (a) Inputs and outputs of an LGN neuron. The 
neuron receives signals from the retina and also receives 
signals from the cortex, from elsewhere in the thalamus 
(T), from other LGN neurons (L), and from the brain stem. 
Excitatory synapses are indicated by Y’s and inhibitory ones 
by T’s. (b) Information flow into and out of the LGN. The sizes 
of the arrows indicate the sizes of the signals. (Part a adapted 
from Kaplan, Mukherjee, & Shapley, 1993.)

Immagine traBa dal libro 
Sensa:on and Percep:on, 
B. Goldstein
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Il Nucleo Genicolato Laterale

Mol1 input che raggiungono il NGL •
provengono dalla corteccia visiva.
Altri input arrivano dal tronco dell’encefalo e •
sono lega1 a fenomeni di allerta e a=enzione.

NGL rappresenta il primo centro dove quello •
che vediamo viene influenzato cogni1vamente 
ed emo1vamente.



Carbonaro N. A.A. 2017-18 Sensi Naturali e Artificiali

Il Nucleo Genicolato Laterale

NGL: stru2ura bilaterale, ognuno per un •
singolo emisfero

Emisfero destro e sinistro–
I due NGL (destro e sinistro) sono localizza> •
sul talamo dorsale e rappresentano il 
principale bersaglio del tra2o o?co. 
La par>colare conformazione di ques> stra> •
che si “piegano” a2orno al tra2o o?co è alla 
base del termine genicolato 
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Il Nucleo Genicolato Laterale
Composto da 6 stra6 di cellule:•

i primi 2 stra6 presentano grandi neuroni e sono –
chiama6 stra6 magnocellulari
i restan6 4 stra6 presentano neuroni – più piccoli e sono 
chiama6 stra6 parvocellulari

come l’occhio ed il NGL si spartiscono l’input visivo
per capire meglio il funzionamento del NGL andiamo ad osservare i suoi sei strati:!

i primi 2 strati presentano grandi 
neuroni e sono chiamati strati 
magnocellulari

i restanti 4 strati presentano 
neuroni più piccoli e sono 
chiamati strati parvocellulari

neuroni più piccoli posti ventralmente a ciascuno strato sono detti koniocellulari e ricevono 
l’input da cellule gangliari non-M e non-P.!

il                   
sistema  
visivo
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Il Nucleo Genicolato Laterale

Gli stra1 Rossi ricevono segnali dall’occhio •
dello stesso lato: ipsilaterale (stra1 2,3 e 5)
Gli stra1 Blu, dal • controlaterale (stra1 1,4 e 6)

Occhio opposto–

76 CHAPTER 4  The Visual Cortex and Beyond

Organization by Left and Right Eyes The 
 lateral geniculate nucleus (LGN) is a bilateral structure, 
which means there is one LGN in the left hemisphere and 
one in the right hemisphere. Viewing one of these nuclei in 
cross section reveals six layers (Figure 4.3). Each layer re-
ceives signals from only one eye. Layers 2, 3, and 5 (red lay-
ers) receive signals from the ipsilateral eye, the eye on the 
same side of the body as the LGN. Layers 1, 4, and 6 (blue 
layers) receive signals from the contralateral eye, the eye 
on the opposite side of the body from the LGN. Thus, each 
eye sends half of its neurons to the LGN that is located in 
the left hemisphere of the brain and half to the LGN that 
is located in the right hemisphere. Because the signals from 
each eye are sorted into different layers, the information 
from the left and right eyes is kept separated in the LGN.

6
5

4

3

2

1

Figure 4.3 ❚ Cross section of the LGN showing layers. Red 
layers receive signals from the ipsilateral (same side of the 
body) eye. Blue layers receive signals from the contralateral 
(opposite side) eye.
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Figure 4.4 ❚ Points A, B, and C on the cup create images 
at A, B, and C on the retina and cause activation at points 
A, B, and C on the lateral geniculate nucleus (LGN). The 
correspondence between points on the LGN and retina 
indicates that there is a retinotopic map on the LGN.

METHOD  ❚  Determining Retinotopic Maps 
by Recording From Neurons

The retinotopic map on the LGN has been determined 
by recording from neurons in the LGN with an electrode 
that penetrates the LGN obliquely (at a small angle to 
the surface), as shown in Figure 4.5. In this example, we 
are recording from the neurons at A, B, and C in layer 6 
of the LGN.

Recording from the neuron at A, we determine the 
location of the neuron’s receptive fi eld on the retina by 
stimulating different places on the retina with spots of 
light until the neuron responds. The location of the neu-
ron’s receptive fi eld is indicated by A' on the retina. When 
we repeat this procedure with an electrode at B and then 
at C, we fi nd that B’s receptive fi eld is at B' on the retina, 

A
Oblique
electrode track

Retinotopic map on LGN

B

C

A! B! C!

Retina

Layer 6
of LGN

Receptive
field 
locations

Perpendicular
electrode track

Figure 4.5 ❚ Retinotopic mapping of neurons in the 
LGN. The neurons at A, B, and C in layer 6 of the LGN have 
receptive fields located at positions A!, B!, and C! on the 
retina. This mapping can be determined by recording from 
neurons encountered along an oblique electrode track. Also, 
neurons along a perpendicular electrode track all have their 
receptive fields at about the same place on the retina.

Organization as a Spatial Map To introduce 
the idea of spatial maps, we fi rst consider Figure 4.4. When 
the man looks at the cup, points A, B, and C on the cup are 
imaged on points A, B, and C of the retina, and each place 
on the retina corresponds to a specifi c place on the lateral 
geniculate nucleus (LGN). This correspondence between 
points on the LGN and points on the retina creates a reti-
notopic map on the LGN—a map in which each point on 
the LGN corresponds to a point on the retina. We can deter-
mine what this map looks like by recording from neurons 
in the LGN.

Immagine traFa dal libro 
Sensa1on and Percep1on, 
B. Goldstein
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Il Nucleo Genicolato Laterale

Inserendo dei • microele3rodi nel NGL 
possiamo misurarne i campi rece5vi 

cos– ì come si fa per le cellule gangliari
Neuroni • magnocellulari hanno campi rece5vi 
centro-periferia ampi (come per le cellule 
gangliari re=niche M) 
Mentre i neuroni • parvocellulari hanno campi 
centro-periferia più piccoli (come per le cellule 
P della re=na).
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Il Nucleo Genicolato Laterale

Organizzazione • re+notopica = la proiezione della 
re3na nel NGL
Il principio della organizzazione • re3notopica è che 
cellule vicine nella re3na inviano informazioni a 
zone limitrofe delle stru;ure bersaglio nel NGL 
In questo modo la superficie della re3na viene •
tracciata sulla superficie del NGL come se fosse 
una mappa
Questo vale per ogni singolo strato del NGL•
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Organizzazione re+notopica

Come è possibile dimostrarlo?•
Si inserisce un micro– -ele:rodo in uno strato del 

NGL per misurare l’a?vità del neurone e si s+mola 

opportunamente con flash luminosa differen+ 

aree della re+na.

Immagine tra:a dal libro 

Sensa+on and Percep+on, 

B. Goldstein
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Organizzazione retinotopica

Risulta2 dei test: •
S2molando una sequenza di pun2 nella re2na è –
possibile determinare l’a;vità di una 
corrispondente sequenza di neuroni nel NGL.
Pun2 adiacen2 o vicini nella re2na corrispondono –
a pun2 adiacen2 o vicini nel NGL
Questa è la dimostrazione che esista una mappa –
re2notopica

Questa struEura è presente il tu; gli stra2 del NGL•
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La corteccia Striata

Il passo successivo che compie il segnale visivo •
è quello di raggiungere la corteccia striata

Zona principale per l’elaborazione visiva–
Una zona molto ampia della corteccia è •
coinvolta nell’analisi della visione

Circa l’80% della corteccia risponde a sAmoli visivi–
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La corteccia Striata

Anche conosciuta come corteccia visiva •
primaria o V1

Le maggiori trasformazioni dell’informazione •
visiva hanno luogo nella corteccia striata

Con<ene circa 200 MILIONI di cellule•

Immagine traCa dal libro 

Sensa<on and Percep<on, 

J. Wolfe
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La corteccia Striata
Gli ogge. che sono proie3a4 sulla fovea sono •
elabora4 dai neuroni di una vasta parte della 
corteccia striata
Ogge. proie3a4 alla periferia (destra o sinistra) •
sono relega4 a una piccolo porzione della 
corteccia
Ingrandimento cor4cale• : la rappresentazione 
cor4cale della fovea è notevolemente ingrandita  
rispe3o alla rappresentazione cor4cale della 
periferia
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La corteccia Striata

David • Hubel e Thorsten Wiesel pubblicano una 
serie di ar8coli scien8fici che descrivono la 
stru:ura della corteccia striata

A:raverso le proprietà dei Campi rece?vi e –
dell’organizzazione dei neuroni

Per questa ricerca e altre connesse con il •
sistema visivo, Hubel e Wiesel ricevono il 
premio Nobel

1982 premio per la Fisiologia e Medicina–
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La corteccia Striata

Gli esperimen1 di • Hubel e Wiesel: 
Basa1 principalmente sui ga:–
I campi rece:vi venivano studia1 s1molando con –
flash luminosi zone specifiche della re1na
Come per la re1na e NGL, anche la corteccia –
striata ha campi rece:vi con zone eccitatorie e 
inibitorie

Cambia però la struEura del campo rece:vo, non più •
con regioni circolari
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Gli esperimen+ di Hubel e Wiesel

la risposta non viene • più evocata da s+moli 
semplici come gli anelli e le piccole macchie di 
luce che a9vavano la re+na 
Le cellule cor+cali si dimostrano sensibili a •
s+moli di forma specifica

Barre di luce  o s+moli re9linei–
Le cellule cor+cali si possono suddividere in •
due categorie principali:
– le cellule semplici e quelle complesse 
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Cellule semplici

• I campi recettivi delle cellule semplici 
mostrano a loro volta sia aree eccitatorie che 
inibitorie. 

• Rispetto ai campi delle cellule gangliari e del 
NGL, i campi recettivi delle cellule semplici 
sono di dimensioni maggiori.

• Per le cellule semplici, la risposta ottimale si 
ottiene quando lo stimolo ha un orientamento 
specifico.
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Cellule semplici

Esempio di campo rece0vo nella corteccia•

The correspondence between locations on the retina 
and locations on the LGN means that neurons entering the 
LGN are arranged so that fi bers carrying signals from the 
same area of the retina end up in the same area of the LGN, 
each location on the LGN corresponds to a location on the 
retina, and neighboring locations on the LGN correspond 
to neighboring locations on the retina. Thus, the receptive 
fi elds of neurons that are near each other in the LGN, such 
as neurons A, B, and C, in layer 6 (Figure 4.5), are adjacent 
to each other at A!, B!, and C! on the retina.

Retinotopic maps occur not only in layer 6, but in each 
of the other layers as well, and the maps of each of the lay-
ers line up with one another. Thus, if we lower an electrode 
perpendicularly, as shown in Figure 4.5, all of the neurons 
we encounter along the electrode track will have receptive 
fi elds at the same location on the retina. This is an amazing 
feat of organization: One million ganglion cell fi bers travel 
to each LGN, and on arriving there, each fi ber goes to the 
correct LGN layer (remember that fi bers from each eye go to 
different layers) and fi nds its way to a location next to other 
fi bers that left from the same place on the retina. Mean-
while, all of the other fi bers are doing the same thing in the 
other layers! The result is aligned, overlapping retinotopic 
maps in each of the LGN’s six layers.

Receptive Fields of Neurons 
in the Striate Cortex
We are now ready to move from the LGN to the visual cor-
tex. As we saw in Figure 4.1, a large area of the cortex is 

involved in vision. In fact, more than 80 percent of the cor-
tex responds to visual stimuli (Felleman & Van Essen, 1991). 
The idea that most of the cortex responds when the retina 
is stimulated is the result of research that began in the 
late 1950s. In the early 1950s, we knew little about visual 
cortical function; a 63-page chapter on the physiology of 
vision that appeared in the 1951 Handbook of Experimen-
tal Psychology devoted less than a page to the visual cortex 
(Bartley, 1951). But by the end of that decade, David Hubel 
and Thorsten Wiesel (1959) had published a series of papers 
in which they described both receptive fi eld properties and 
organization of neurons in the striate cortex. For this re-
search and other research on the visual system, Hubel and 
Wiesel received the Nobel prize in physiology and medicine 
in 1982. We will see later in this chapter how other research-
ers pushed our knowledge of visual physiology to areas be-
yond the striate cortex, but fi rst let’s consider Hubel and 
Wiesel’s research.

Using the procedure described in Chapter 2 (page 34) 
in which receptive fi elds are determined by fl ashing spots 
of light on the retina, Hubel and Wiesel found cells in the 
striate cortex with receptive fi elds that, like center-sur-
round receptive fi elds of neurons in the retina and LGN, 
have excitatory and inhibitory areas. However, these areas 
are arranged side by side rather than in the center-surround 
confi guration (Figure 4.6a). Cells with these side- by-

2VLside receptive fi elds are called simple cortical cells.
We can tell from the layout of the excitatory and inhibi-

tory areas of the simple cell shown in Figure 4.6a that a cell 
with this receptive fi eld would respond best to vertical bars. 
As shown in Figure 4.6b, a vertical bar that illuminates only 
the excitatory area causes high fi ring, but as the bar is tilted 
so the inhibitory area is illuminated, fi ring decreases.

The relationship between orientation and fi ring is in-
dicated by a neuron’s orientation tuning curve, which is 
determined by measuring the responses of a simple cortical 
cell to bars with different orientations. The tuning curve 
in Figure 4.6c shows that the cell responds with 25 nerve 

and C’s receptive fi eld is at C' on the retina. Results such 
as those in Figure 4.5 show that stimulating a sequence 
of points on the retina results in activity in a correspond-
ing sequence of neurons in the LGN. This is the retinoto-
pic map on the LGN.
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Figure 4.6 ❚ (a) The 
receptive field of a 
simple cortical cell. 
(b) This cell responds 
best to a vertical bar 
of light that covers the 
excitatory area of the 
receptive field. The 
response decreases 
as the bar is tilted so 
that it also covers the 
inhibitory area. 
(c) Orientation tuning 
curve of a simple 
cortical cell for a neuron 
that responds best 
to a vertical bar 
(orientation = 0). (From 
Hubel Wiesel, 1959.)
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Cellule Semplici
Due esempi di campi rece0vi per cellule semplici•

Rilevatore di bordi, zona chiara in corrispondenza –
dell’area eccitatoria e zona scura in quella inibitoria.
Rilevatore di – stricsce, risponde in maniera o0male a 
una striscia di luce con una determinata ampiezza

Immagine tra?a dal libro 
Sensa@on and Percep@on, 
J. Wolfe
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Cellule Semplici

Modifica della scarica di impulsi in funzione •
dell’inclinazione ver7cale della sorgente 
luminosa

The correspondence between locations on the retina 
and locations on the LGN means that neurons entering the 
LGN are arranged so that fi bers carrying signals from the 
same area of the retina end up in the same area of the LGN, 
each location on the LGN corresponds to a location on the 
retina, and neighboring locations on the LGN correspond 
to neighboring locations on the retina. Thus, the receptive 
fi elds of neurons that are near each other in the LGN, such 
as neurons A, B, and C, in layer 6 (Figure 4.5), are adjacent 
to each other at A!, B!, and C! on the retina.

Retinotopic maps occur not only in layer 6, but in each 
of the other layers as well, and the maps of each of the lay-
ers line up with one another. Thus, if we lower an electrode 
perpendicularly, as shown in Figure 4.5, all of the neurons 
we encounter along the electrode track will have receptive 
fi elds at the same location on the retina. This is an amazing 
feat of organization: One million ganglion cell fi bers travel 
to each LGN, and on arriving there, each fi ber goes to the 
correct LGN layer (remember that fi bers from each eye go to 
different layers) and fi nds its way to a location next to other 
fi bers that left from the same place on the retina. Mean-
while, all of the other fi bers are doing the same thing in the 
other layers! The result is aligned, overlapping retinotopic 
maps in each of the LGN’s six layers.

Receptive Fields of Neurons 
in the Striate Cortex
We are now ready to move from the LGN to the visual cor-
tex. As we saw in Figure 4.1, a large area of the cortex is 

involved in vision. In fact, more than 80 percent of the cor-
tex responds to visual stimuli (Felleman & Van Essen, 1991). 
The idea that most of the cortex responds when the retina 
is stimulated is the result of research that began in the 
late 1950s. In the early 1950s, we knew little about visual 
cortical function; a 63-page chapter on the physiology of 
vision that appeared in the 1951 Handbook of Experimen-
tal Psychology devoted less than a page to the visual cortex 
(Bartley, 1951). But by the end of that decade, David Hubel 
and Thorsten Wiesel (1959) had published a series of papers 
in which they described both receptive fi eld properties and 
organization of neurons in the striate cortex. For this re-
search and other research on the visual system, Hubel and 
Wiesel received the Nobel prize in physiology and medicine 
in 1982. We will see later in this chapter how other research-
ers pushed our knowledge of visual physiology to areas be-
yond the striate cortex, but fi rst let’s consider Hubel and 
Wiesel’s research.

Using the procedure described in Chapter 2 (page 34) 
in which receptive fi elds are determined by fl ashing spots 
of light on the retina, Hubel and Wiesel found cells in the 
striate cortex with receptive fi elds that, like center-sur-
round receptive fi elds of neurons in the retina and LGN, 
have excitatory and inhibitory areas. However, these areas 
are arranged side by side rather than in the center-surround 
confi guration (Figure 4.6a). Cells with these side- by-

2VLside receptive fi elds are called simple cortical cells.
We can tell from the layout of the excitatory and inhibi-

tory areas of the simple cell shown in Figure 4.6a that a cell 
with this receptive fi eld would respond best to vertical bars. 
As shown in Figure 4.6b, a vertical bar that illuminates only 
the excitatory area causes high fi ring, but as the bar is tilted 
so the inhibitory area is illuminated, fi ring decreases.

The relationship between orientation and fi ring is in-
dicated by a neuron’s orientation tuning curve, which is 
determined by measuring the responses of a simple cortical 
cell to bars with different orientations. The tuning curve 
in Figure 4.6c shows that the cell responds with 25 nerve 

and C’s receptive fi eld is at C' on the retina. Results such 
as those in Figure 4.5 show that stimulating a sequence 
of points on the retina results in activity in a correspond-
ing sequence of neurons in the LGN. This is the retinoto-
pic map on the LGN.
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Figure 4.6 ❚ (a) The 
receptive field of a 
simple cortical cell. 
(b) This cell responds 
best to a vertical bar 
of light that covers the 
excitatory area of the 
receptive field. The 
response decreases 
as the bar is tilted so 
that it also covers the 
inhibitory area. 
(c) Orientation tuning 
curve of a simple 
cortical cell for a neuron 
that responds best 
to a vertical bar 
(orientation = 0). (From 
Hubel Wiesel, 1959.)
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Cellule Cor(cali Semplici

Gli s(moli diventano • più specifici: 

Devono eccitare la zona giusta1)

Devono avere forma ada>a2)

Devono avere un asse di orientamento specifico3)
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Cellule Cor(cali Semplici

Sele/vità all’orientamento:•
Tendenza dei neuroni della corteccia striata a –
rispondere in maniera o/male a cer( specifici 
orientamen( dello s(molo luminoso e meno ad 
altri

La popolazione totale dei neuroni della •
corteccia sarà capace nel suo insieme di 
rilevare tu/ i possibili orientamen(
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Campo recettivo nella corteccia

Come possono i campi rece0vi circolari del •
Nucleo Genicolato Laterale trasformarsi nei 
campi rece0vi allunga8 della corteccia 
striata? 

Hubel– e Wiesel proposero uno schema molto 
semplice per rispondere a questa domanda
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Campo rece*vo nella corteccia

Sperimentalmente • è stato dimostrato che le 
zone eccitatorie (zone on) rappresentano 
afferenze di cellule centro on del NGL

• Mentre le zone inibitorie (zone off) 
rappresentano afferenze delle centro off del 
NGL
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Campo rece*vo nella corteccia
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Cellule Complesse

I campi rece/vi delle cellule complesse hanno •
asse di orientamento specifico ma non 
esistono zone eccitatorie né inibitorie né
posizione preferenziale dello s:molo 
La maggior parte di cellule complesse •
risponde solamente quando una barra di luce 
opportunamente orientata si muove 
all’interno del campo rece/vo
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Cellule Complesse

78 CHAPTER 4  The Visual Cortex and Beyond

 impulses per second to a vertically oriented bar and that the 
cell’s response decreases as the bar is tilted away from the 
vertical, and begins stimulating inhibitory areas of the neu-
ron’s receptive fi eld. Notice that a bar tilted 20 degrees from 
the vertical elicits only a small response. This particular 
simple cell responds best to a bar with a vertical orientation, 
but there are other simple cells that respond to other ori-
entations, so there are neurons that respond to all of 

3VLthe orientations that exist in the environment.

Edge of slide

Figure 4.7 ❚ When Hubel and Wiesel dropped a slide into 
their slide projector, the image of the edge of the slide moving 
down unexpectedly triggered activity in a cortical neuron.

(a )

*

*

(b)

Figure 4.8 ❚ (a) Response of a complex cell recorded from the visual cortex of the cat. The 
stimulus bar is moved back and forth across the receptive field. The cell fires best when the 
bar is positioned with a specific orientation and is moved in a specific direction (*). (From 
Hubel & Wiesel, 1959.) (b) Response of an end-stopped cell recorded from the visual cortex 
of the cat. The stimulus is indicated by the light area on the left. This cell responds best to a 
medium-sized corner that is moving up (*).  (From “Receptive fields and functional architecture 
in two non-striate visual areas (18 and 19) of the fat,” by D. H. Hubel and T. N. Wiesel, 1965, 
Journal of Neurophysiology, 28, 229–289.)

Although Hubel and Wiesel were able to use small spots 
of light to map the receptive fi elds of simple cortical cells 
like the one in Figure 4.6, they found that many of the cells 
they encountered in the cortex refused to respond to small 
spots of light. In his Nobel lecture, Hubel describes how he 
and Wiesel were becoming increasingly frustrated in their 
attempts to get these cortical neurons to fi re, when some-
thing startling happened: As they inserted a glass slide con-
taining a spot stimulus into their slide projector, a cortical 
neuron “went off like a machine gun” (Hubel, 1982). The 
neuron, as it turned out, was responding not to the spot at 
the center of the slide that Hubel and Wiesel had planned 
to use as a stimulus, but to the image of the slide’s edge 
moving downward on the screen as the slide dropped into 
the projector (Figure 4.7). Upon realizing this, Hubel and 
Wiesel changed their stimuli from small spots to moving 
lines and were then able to fi nd cells that responded to ori-
ented moving bars. As with simple cells, a particular 

4VLneuron had a preferred orientation.
Hubel and Wiesel discovered that many cortical neu-

rons respond best to moving barlike stimuli with specifi c 
orientations. Complex cells, like simple cells, respond best 
to bars of a particular orientation. However, unlike simple 
cells, which respond to small spots of light or to stationary 
stimuli, most complex cells respond only when a correctly 
oriented bar of light moves across the entire receptive fi eld. 
Further, many complex cells respond best to a particular di-
rection of movement (Figure 4.8a). Because these neurons 

Immagine tra1a dal libro Sensa5on and Percep5on, B. Goldstein
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Cellule semplici vs complesse•
• Cellule semplici vs. cellule complesse

La corteccia striata

//campi recettivi: rilevamento di features

• Cellule con margini di arresto: Queste cellule della corteccia striata 

aumentano il proprio ritmo di scarica se uno stimolo barra è ingrandito fino a 

coprire completamente il loro campo recettivo ma diminuiscono la loro attività 

se lo stimolo diviene ancora più grande

La corteccia striata

//campi recettivi: rilevamento di features

Immagine tra3a dal libro Sensa7on and Percep7on, J. Wolfe
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Cellule con margini di arresto

cellule della corteccia striata•
aumentano il proprio ritmo di scarica se uno –
s2molo barra è ingrandito fino a coprire 
completamente il loro campo rece6vo
diminuiscono la loro a6vità se lo s2molo diviene –
ancora più grande superando la dimensione del 
campo rece6vo
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Cellule con margini di arresto

• Cellule semplici vs. cellule complesse

La corteccia striata

//campi recettivi: rilevamento di features

• Cellule con margini di arresto: Queste cellule della corteccia striata 

aumentano il proprio ritmo di scarica se uno stimolo barra è ingrandito fino a 

coprire completamente il loro campo recettivo ma diminuiscono la loro attività 

se lo stimolo diviene ancora più grande

La corteccia striata

//campi recettivi: rilevamento di features

Immagine tra2a dal libro Sensa5on and Percep5on, J. Wolfe
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Sintesi dei Neuroni nei diversi distre.

don’t respond to stationary fl ashes of light, their receptive 
fi elds are not indicated by pluses and minuses, but by indi-
cating the area which, when stimulated, elicits a response in 
the neuron.

Another type of cell, called end-stopped cells, fi re to mov-
ing lines of a specifi c length or to moving corners or angles. 
Figure 4.8b shows a light corner stimulus that is being moved 
up and down across the retina. The records to the right indi-
cates that the neuron responds when the corner moves up-
ward. The neuron’s response increases as the corner-shaped 
stimulus gets longer, but then stops responding when the 
corner becomes too long (Hubel & Wiesel, 1965).

Hubel and Wiesel’s fi nding that some neurons in the 
cortex respond only to oriented lines was an extremely im-
portant discovery because it indicates that neurons in the 
cortex do not simply respond to “light”; they respond to 
some patterns of light and not to others. This makes sense 
because the purpose of the visual system is to enable us to 
perceive objects in the environment, and many objects can 
be at least crudely represented by lines of various orienta-
tions. Thus, Hubel and Wiesel’s discovery that neurons re-
spond selectively to stationary and moving lines was an im-
portant step toward determining how neurons respond to 
more complex objects.

Because simple, complex, and end-stopped cells fi re in 
response to specifi c features of the stimulus, such as orien-
tation or direction of movement, they are sometimes called 
feature detectors. Table 4.1, which summarizes the prop-
erties of the fi ve types of neurons we have described so far, 
illustrates an important fact about neurons in the visual 
system: As we travel farther from the retina, neurons fi re to 
more complex stimuli. Retinal ganglion cells respond best 

to spots of light, whereas cortical end-stopped cells respond 
best to bars of a certain length that are moving in a particu-
lar direction.

Do Feature Detectors Play 
a Role in Perception?
Neural processing endows neurons with properties that 
make them feature detectors, which respond best to a spe-
cifi c type of stimulus. But just showing that neurons respond 
to specifi c stimuli doesn’t prove that they have anything to 
do with the perception of these stimuli. One way to estab-
lish a link between the fi ring of these neurons and percep-
tion is by using a psychophysical procedure called  selective 
adaptation.

Selective Adaptation and 
Feature Detectors
When we view a stimulus with a specifi c property, neurons 
tuned to that property fi re. The idea behind selective adap-
tation is that if the neurons fi re for long enough, they be-
come fatigued, or adapt. This adaptation causes two physi-
ological effects: (1) the neuron’s fi ring rate decreases, and 
(2) the neuron fi res less when that stimulus is immediately 
presented again. According to this idea, presenting a verti-
cal line causes neurons that respond to vertical lines to re-
spond, but as these presentations continue, these neurons 
eventually begin to fi re less to vertical lines. Adaptation is 
selective because only the neurons that respond to verticals 
or near-verticals adapt, and other neurons do not.

The basic assumption behind a psychophysical selective 
adaptation experiment is that if these adapted neurons have 
anything to do with perception, then adaptation of neurons 
that respond to verticals should result in the perceptual effect 
of becoming selectively less sensitive to verticals, but not to 
other orientations. Many selective adaptation experiments 
have used a stimulus called a grating stimulus and a behav-
ioral measure called the contrast threshold.

Grating Stimuli and the Contrast Thresh-
old Grating stimuli are alternating bars. Figure 4.9a 
shows gratings with black and white bars. This fi gure shows 
gratings with a number of different orientations. Figure 
4.9b shows gratings with a number of different contrasts. 
High-contrast gratings are on the left, and lower-contrast 
gratings are on the right. A grating’s contrast threshold is 
the difference in intensity at which the bars can just barely 
be seen. The difference between the bars in the grating on 
the far right of  Figure 4.9b is close to the contrast threshold, 
because further decreases in the difference between the light 
and dark bars would make it diffi cult to see the bars. The fol-
lowing method describes the measurement of contrast 

5VL
thresholds in a selective adaptation experiment.
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TABLE 4.1 ❚  Properties of Neurons in the Optic Nerve, 
LGN, and Cortex

TYPE OF CELL CHARACTERISTICS OF RECEPTIVE FIELD

Optic nerve fiber Center-surround receptive field. 
(ganglion cell) Responds best to small spots, 
  but will also respond to other 
  stimuli.

Lateral geniculate Center-surround receptive fields 
  very similar to the receptive field of 
  a ganglion cell.

Simple cortical Excitatory and inhibitory areas 
  arranged side by side. Responds 
  best to bars of a particular 
  orientation.

Complex cortical Responds best to movement of a 
  correctly oriented bar across 
  the receptive field. Many cells 
  respond best to a particular 
  direction of movement.

End-stopped cortical Responds to corners, angles, or 
  bars of a particular length moving in 
  a particular direction.

Immagine tra3a dal libro 
Sensa6on and Percep6on, 
B. Goldstein
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La corteccia Striata

Organizzazione della corteccia striata:•
Hubel– e Wiesel dopo aver studiato e analizzato i 
diversi 9pi di neuroni presen9 nella corteccia, si 
sono occupa9 di studiare come sono organizza9 e 
dispos9 nei diversi stra9 della corteccia
Diversi esperimen9 con ele=rodi posiziona9 –
opportunamente nella corteccia
Risulta9: La corteccia è organizzata in diverse –
colonne di diversa 9pologia 
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La corteccia Striata

Esperimen0 di • Hubel e Wiesel
Tu8 i neuroni cor0cali incontra0 lungo la sezione A –
rispondono allo stesso 0po di s0molo, barre orizontali
Se l’ele>rodo è inserito in maniera obliqua è possibile –
trovare neuroni che cambiano la loro sensibilità 
all’orientamento in maniera sequenziale.

Immagini tra>e dal libro Sensa0on and Percep0on, B. Goldstein



Carbonaro N. A.A. 2017-18 Sensi Naturali e Artificiali

La corteccia Striata

Hubel• e Wiesel arrivarono alla conclusione che 
i neuroni con preferenze per orientamen8 
simili sono dispos8 in colonne posizionate 
ver8calmente all’interno della corteccia.
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La corteccia Striata
Sistema-co progressivo cambiamento •
nell’orientamento preferito: tu8 gli orientamen- 
erano compresi in una distanza di circa 0.5 mm
L’orientamento non è l’unica proprietà della •
corteccia disposta in colonne

Disposizione oculare: neuroni che rispondono alla –
stessa preferenza oculare

Una porzione di 1mm di corteccia con-ene tuDa •
la struDura che serve per la ricostruzione di una 
immagine
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La corteccia Striata
Diagramma schema0co della stru4ura della •
corteccia.

Ipercolonna– : colonna oculare e colonna di 
orientamento

Immagine tra4a dal libro 
Sensa0on and Percep0on, 
B. Goldstein
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La corteccia striata è coinvolta nell’analisi •
dell’orientamento, delle dimensioni, della 
forma, della velocità e della direzione del 
movimento degli ogge7 nell’ambiente

Queste analisi vengono fa;e dalle – ipercolonne, 
ognuna per l’elaborazione di informazioni 
provenien= da una piccola porzione di campo 
visivo

Il resto della corteccia dovrà opportunamente •
combinare i risulta= delle varie ipercolonne



Carbonaro N. A.A. 2017-18 Sensi Naturali e Artificiali

Il sistema della corteccia visiva umana

Tu2 ques4 risulta4 sono sta4 o5enu4 •
a5raverso analisi su animali
Hubel• e Wiesel con ga2 e scimmie
Come è stru5urato il sistema della corteccia •
visiva umana?

Studiare il comportamento senza poter usare –
ele5rodi dire5amente posiziona4 nella corteccia
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«L’ele&rodo» dello psicologo

Tecnica dell’ada&amento•
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Risposta dopo un ada,amento temporale allo •
s1molo
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La tecnica dell’ada,amento sele0vo

Post• -immagine di orientamento (Tilt a8er-
effect):

Illusione perce0va riguardante l’orientamento di –
uno s?molo che scaturisce dall’essersi ada,a? 
precedentemente ad un certo orientamento

Tale illusione supporta l’idea che il sistema •
visivo umano comprende singoli neuroni 
sele0vi per orientamen? diversi
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La tecnica dell’ada,amento sele0vo
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La tecnica dell’ada,amento sele0vo

Ada,amento sele0vo: E’ un indizio a favore del fa,o •
che il sistema visivo umano contenga neuroni sele0vi 
per la frequenza spaziale


