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BRAIN WAVES
Visual perception in human infants
by Dr. Peter Gerhardstein

Theor ies o f perceptua l 
organization are central to the 
understanding of pattern vision, 
as a primary purpose of vision 
(detecting objects in our visual 
field) depends on the ability to 
detect contours in a scene.  In 
the first half of the twentieth 
centur y, proponents of the 
Gestalt school of perception 
contended that the visual system 
organizes the visual world using a 
set of grouping principles , 
including proximity, similarity, 
and continuation (now called co-
linearity).  These principles were 
theorized to give rise to a higher-
order construct known as a 
gestalt (or “unified whole”). Why 
would the visual system be 
organ ized in th i s f a sh ion?  
Several researchers (Geisler, 
Perry, Super, & Gallogly, 2001; 
Sigman, Cecchi, Gilbert, & 
Magnasco, 2001) have used edge 
stat i st ics to show that co -
linearity, in particular, prevails in 

multiple types of images.  Thus, 
the in format ion for the 
organizing principle of good 
continuation (as the Gestalt 
theorists labeled it) is ubiquitous 
in the visual world, and thus it 
makes sense that the visual 
system would have evolved to use 
th i s read i l y a va i l ab le 
information.  

Researchers (Kovacs & Julesz, 
1993; Field, Hayes, & Hess, 1993) 
ha ve produced e v idence 
suggesting that the visual system 
conta ins mechan i sms that 
implement the co - l inearity 
principle.  Kovacs demonstrated 
that adults in a perception task 
are more sensitive to a contour 
embedded in visual noise when 
the contour forms a closed 
region (a “gestalt”) than when the 
contour is not closed, suggesting 
that the gestalt of a closed figure 
(from co-linearity) is of increased 
salience to the observer.  Field 
conjectured that the primary 
visual cortex contains a set of 

connections that form a “local 
association field”, which sends 
signals from orientation-tuned 
cells to co-aligned neighboring 
cells of similar orientation.

—Continued on page 2

Dear readers,
This issue focuses on 

vision and the visual system.  
The history of perception is 
briefly explored.

An article discusses 
the unexpected brain-
activity in the visual 
cor t i ces o f 
permanently bl ind 
people.

For our f acu l ty 
contr ibutor, Dr. Peter 
Gerhardste in o f the 
psycho logy depar tment 
discusses his research on 
infant visual perception.

! !         —MLM

SEEING AND FEELING BRAILLE: VISUAL CENTERS IN BLIND PEOPLE
by Sarah Fecht

With h i s f inger s , Es re f 
Armagan dabbles bright colors 
o ver canva sses dep ic t ing 
landscapes, exotic-looking birds, 
and Turkish presidents. As he 
draws and shades, his primary 
visual cortex lights up. Yet this 
artist has never used his eyes to 
see. Blind since birth, Armagan 

has never viewed the images that 
he portrays.

How, or why, is an area used 
to understand visual information 
fired up in the brain of a blind 
man? Scientists were surprised to 
find that the visual processing 
centers in the brains of blind 
people don’t become neurological 
voids. In fact, during both resting 
activities and auditory or tactile 

testing, the visual areas of the 
brain are actually busier in blind 
people than in sighted people.

Activity in the visual cortices 
of blind people is linked to many 
stimuli. For example, when a 
blind person uses his fingers to 
analyze the angles and widths of 
textured lines vision centers in 
his brain are activated.

—Continued on page 4
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INFANT VISUAL SYSTEM
! - Continued $om previous 

Horizonta l (or l a te ra l ) 
in te rconnect ions between 
orientation-preferring cel ls 
within a single layer of the visual 
cortex (Gilbert & Wiesel, 1989; 
T’so, Gilbert & Wiesel, 1986) 
may implement a loca l 
association field in the cortex. 
Anatomical evidence regarding 
horizontal connectivity patterns, 
obtained using fluorescent dye-
stains of morphological human 
tissue (Burkhalter, Bernardo, & 
Charles, 1993), supports this idea.  
De ve lopment o f l a te ra l 
interconnections appears to be 
de layed , w i th l i t t l e o r no 
evidence of such connections 
unt i l about four months 
postnatal, and anatomical ly 
immature connections up until 
about two years of age.  If this is 
the physiological mechanism 
responsible for processing co-
linearity (and through it, closure) 
in the visual system, then infants 
at this young age should be 
impaired in their ability to detect 
contours, and should show, 
contrary to adults, no special 
affinity for closed contours.  

We ha ve te s ted th i s 
pred ic t ion in a pa i r o f 
experiments, one with four-

month-old infants and one with 
six-month-old infants.  

These tests used Gabor-patch 
s t imul i to e l iminate loca l 
contrast and brightness cues.  A 
Gabor patch i s fo rmed by 
smoothing a sine wave grating so 
that it fades into the background 
gray o f the ima ge .  The 
advantage of these stimuli is that 
the contour is only detectable 
globally; no individual feature 
allows differentiation between 
the images.  

Our l ab used a mobi le 
tra ining procedure with 4 -
month-olds and tested their 
ability to detect both open and 
closed contours in increasing 
amounts of visual noise.  These 
infants showed substantially less 
sensitivity than reported by 
Kovacs for adults, and showed no 
increased sensitivity for closed 
contours (Gerhardstein, Kovacs, 
Ditre, & Feher, 2004).  

Our second test, using an eye-
tracking procedure with six-
month-old infants, tested infants’ 
ability to see a contour when 
rendered a s a square (no 
curvature) or as a circle (25 
degrees cur vature between 
patches).  Six-month-olds were 
better able to detect the square, 
showing that even at this early 

age, increasing curvature results 
in increased detection difficulty, 
similar to previously reported 
findings in adults (Baker, Adler, 
Tse, & Gerhardstein, 2008).  
Children, however, are clearly 
much less sensitive to contours 
than adu l t s , and the 
de ve lopment o f contour 
sensitivity in early childhood (3-5 
years) is one focus of our current 
research.

+

=

Garbor patch—construction $om a 
sine wave grating and a (2D) Gaussian 
smoothing function.  This example uses a 
higher $equency grating (more stripes) 
than the patches used in the experiment 
(images from a Matlab tutorial by 
Freeman, 2007).

Closed-contour stimuli—rendered using Gabor patches.  The noise (random Gabors) increases $om le' to right; 4-month-olds 
cannot see the contour in the rightmost image.
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by Jose Alejandro Estre)a
! On the 4th of September, 
2006, the Univers i ty o f 
Cincinnati and the world lost 
who friends and colleagues 
called a great psychologist 
and a great friend.  Author of 
the groundbreaking text, 
Psychology of Perception, 
Wi l l i am N. Dember 
contributed enormously to 
the field of psychology in 
various positions of academic 
and scholarly leadership.  
Dember mar veled at the 
complex functioning of our 
perception and motivation, as 
well as the effect of optimism 
and pessimism in our daily 
lives.  We will here briefly 
describe some of the insights 
of our perceptual system as 
observed by Dr. Dember. 
! The anc ient Greeks 
suggested that our perception 
o f ob ject s wa s through 
miniature copies of objects 
cal led “eidola” which we 
exper ience through our 
senses.  Today we know this is 
not t r ue because of the 
s i gn i f i cant d i f fe rences 
between the distal (outer) and 
proximal (inner) stimuli.  The 
d i s ta l s t imul i can be 
described as quite simply the 
stimuli that exist in the 
ob ject i ve wor ld .  The 
proximal stimuli are those 
which, after being processed 
by the perceptual system, are 
present in the “mind” or 
impressed upon our sensory 
nervous system. Perception 

is, as described by Dember: “a 
process whereby stimulus 
information is elaborated and 
interpreted so as to yield 
organization and meaning”.  
However I am sure even 
Dember would agree that his 
brief definition is an over 
simplified approximation of 
what the actual process is 
like. 
! Let us now take the visual 
system as an example from 
which to draw a br ie f 
understanding of perception.  
It is important to consider 
that much of the light which 
is reflected from a distal 
stimulus is lost before it even 
reaches the retina.
! The external environment 
and ocu la r s t r uctures 
themselves scatter much of 
the light to the extent that 
the retina receives only about 
5% of the light that is initially 
reflected from the source. 
Even more astonishing is that 
the amount is dispersed even 
more when the amount of 
light with which your brain 
interprets the distal stimulus 
is considered! 
! To accompl i sh th i s , 
photons of light enter the eye 
through the cornea and are 
“projected” onto the retina in 
an inverted fashion.  The 
light must travel through a 
l ayer o f dense l y packed 
transparent ganglion cells, 
down towards the rods and 
cones, collectively known as 
photoreceptors .  The 

photoreceptors produce 
patterns of neurologica l 
impu l ses caused by 
photochemical reactions 
therein. These electrical  
impulses then travel back up 
to the ganglion cells where 
they are propagated along the 
optic nerve, through the 
optic chiasma and lateral 
geniculate nucleus, where 
they are relayed to the visual 
cortexes.
! This seemingly predictable 
process is anything but simple 
due to the crucial role of 
context within perception 
stimuli left to us by Dember 
and his contemporar ies . 
Context, in the perceptual 
sense , re fe r s to the 
background in which a 
stimulus is presented which 
influences its appearance. 

—Continued on next page

Optical illusions—are ambiguous, 
so the brain has trouble interpreting 
their meaning.  Perception is the 
interpretation of real stimuli, so the 
brain, not eyes, is responsible for optical  
i)usions.

DR. DEMBER’S CONTRIBUTIONS TO PERCEPTION
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CONTRIBUTIONS TO PERCEPTION
- Continued $om previous
! Because it is impossible for us, as students 
of perception, to come into direct contact with 
the physica l experience of a subject ’s 
perceptual process , we can only draw 
inferences about the properties of our subject’s 
perceptual system.  Experiments based on 
stimulus input and observed response output 

can guide our understanding of a seemingly 
chaotic world.  
! As a student of psychology and eager seeker 
of truth, I personally attest to the awe-
inspiring mechanism that is our perceptual 
system and the innumerable mysteries that still 
lie to be discovered. It is this awe that should 
motivate us to gain a better understanding of 
what’s “under the hood”.

BRAILLE IN THE BLIND
- Continued $om first page
! The same task in a sighted 
individual causes his visual 
cortex to be de-activated. 
! Auditor y and l ingua l 
s t imul i p ro v ide s imi l a r 
results; whereas a sighted 
person uses localized areas of 
his brain to process these 
various types of sensor y 
information, the visual cortex 
of a blind person appears to 
be important in processing 
input from several senses.
! It’s tempting to try to 
explain this activity as an 
attempt to produce a visual 
image of the auditory or 
tactile stimulus, but scientists 
th ink th i s i s un l ike l y ; 
congenitally blind subjects 
have no ‘visual’ memory, yet 
they have the strongest visual 
cortical responses.
! The likeliest explanation 
for visual cortical activity in 
the b l ind re l a tes to a 
neurological “use it or lose it” 
scenar io . In the bra in , 
pathways that are frequently 
used become reinforced, 
while those that aren’t used 
are pruned away. Because 

blind people rely heavily upon 
touch and hear ing , the 
neurons used to process these 
senses are believed to grow 
and expand into those areas 
which can no longer process 
sight. Such an expansion may 
exp la in why some b l ind 
people seem to have super-
human tactile and hearing 
abilities.
! To determine whether 
vision centers in the blind are 
process ing tact i l e 
information, researchers used 
a powerful magnet that, when 
pressed against the skull, 
interrupts neural functioning. 
! When the magnet was 
aimed at the visual areas of 
sighted people, they had no 
trouble identifying embossed 
Roman letters using their 
fingers. But when the magnet 
was directed at the visual 
cortices of blind people, they 
seemed to lose the ability to 
read wi th the i r f ingers . 
! Subjects reported feeling 

confusing sensations—the 
Braille dots felt “faded,” were 
“missing,” or just “didn’t make 
sense.” These findings appear 
to confirm that the visual 
cortices of blind people are 
indeed impor tant in 
process ing tact i l e 
information.
! Though it may seem like 
such a reorganization of 
function should require years 
of developmental impetus, 
s i ghted peop le s ta r t to 
process tactile information 
differently after just two 
hours o f b l indfo ld ing . 
Presumably, these changes 
evolve as visual deprivation 
continues over time. 
! Blind people “see” the 
wor ld through di f ferent 
means than sighted people—
through their hands and ears 
instead of their eyes — and 
sc ient i s t s a re on l y ju s t 
beginning to appreciate how 
drastically these differing 
perceptual inputs can impact 
the structure and functioning 
of the brain. What does seem 
certain is that the brain’s 
amazing flexibility helps it to 
overcome disability, and to 
maximize human potential.
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Download archived issues of Brain Waves on the web:
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