
SCIENCE CIRCLE: A FORAY IN 
NEUROSCIENCE 

(part 2: nuts and bolts of the nervous system)



➤ What is the input? (at a fundamental level) 

➤ What is the information? 

➤ What are the features encoded? 

➤ How is it processed? Where? 

➤ What is the code? 

➤ What is the output?

HOW DOES THE BRAIN WORK?    
INPUT - PROCESSING - OUTPUT 

RECAP



➤ Light (electromagnetic radiation) activates 
specialized cells (photoreceptors) in the 
eye (retina) 

➤ These cells respond to specific features of 
the light: wavelength (color) and intensity 
(brightness) from a specific part of the 
visual field.  

➤ Each of these cells send signals to the 
brain activating neurons in various regions 
of the brain associated with vision. 

➤ By comparing and integrating information 
from all photoreceptors in the eye (as well 
as other brain regions) 

➤ The brain computes an understanding of 
the visual scene, which we call perception

HOW DOES VISION WORK?



THE RETINAL CIRCUIT
➤ There are several layers of cells in the retina that form a complex retinal circuit 

➤ Photoreceptors: rod and cones, are specialized neurons that respond to specific light wavelengths 
or intensity 

➤ They convey their responses onto a different type of neurons called ganglion cells, which further 
send the signal to the brain 

➤ The axons of the ganglion cells are all grouped together to form the optic nerve, which connects each 
eye with the brain.

Retinal circuit



TODAY

➤ What are the parts that make up the nervous system and how 
are they pieced together? 



ANOTHER SENSORY MODALITY

➤ What is the input? (at a fundamental level) 

➤ What are the features encoded? 

➤ How is it processed? Where? 

➤ What is the code? 

➤ What is the output?



DONEC QUIS NUNC



Electron micrograph of the surface of a hair cell



COCHLEA ILLUSTRATION



AUDITORY CIRCUIT DIAGRAM

Different coronal 
sections of the 
brainstem

Coronal section of 
the cortex



LET’S EXPERIMENT!

➤ Why do people who can only see with one eye have poor 
depth perception? 

➤ Why do we need 2 ears?



➤ Consider the inputs, outputs 
and processing of information 
that the nervous system 
performs.  

➤ Consider what you learned 
about the visual and auditory 
systems. 

➤ If you could piece it together, 
how would you build a brain?  

➤ Draw it out.  

➤

LET’S BUILD A BRAIN





NOTHING IN BIOLOGY MAKES SENSE EXCEPT IN THE LIGHT OF EVOLUTION



STRUCTURE OF THE MAMMALIAN NERVOUS SYSTEM

➤ Central Nervous System (CNS) 

➤ Mission control 

➤ Where most cell bodies reside 

➤ Brain + Spinal Cord 

➤ Peripheral Nervous System (PNS) 

➤ Nerve bundles stemming out of 
the spinal cord 

➤ Relay messages to/ from internal 
organs and muscles



STRUCTURE OF THE NERVOUS SYSTEM

➤ Central Nervous System (CNS) 

➤ Mission control 

➤ Where most cell bodies reside 

➤ Brain + Spinal Cord 

➤ Peripheral Nervous System (PNS) 

➤ Nerve bundles stemming out of the 
spinal cord 

➤ Relay messages to/ from internal 
organs and muscles 

➤ + Enteric Nervous System



THE CENTRAL NERVOUS SYSTEM (CNS)

➤ The spinal cord 

➤ Master integrator 
and processor of 
information from 
the neck down 

➤ 31 pairs of nerves 
originate in the 
spinal cord 

➤ Topographically 
organized 
according to body 
section



NOTHING IN BIOLOGY MAKES SENSE EXCEPT IN THE LIGHT OF EVOLUTION



Cerebellum - also has  

several lobesBrainstem





NOTHING IN BIOLOGY MAKES SENSE EXCEPT IN THE LIGHT OF EVOLUTION



NOTHING IN BIOLOGY MAKES SENSE EXCEPT IN THE LIGHT OF EVOLUTION AND DEVELOPMENT

Neural tube

Cell division triggers 
folding of the tissue

The folds of the brain 
allow for increased 
surface area, 

just like we can fit 
more clothes in the 
drawer by folding 
them



CELLS OF THE NERVOUS SYSTEM

➤ Every cell in the brain has the same DNA as the rest of the 
body. What makes it possible for cells in different organs to 
have unique functions? 

➤ The embryo starts with 1 cell. How does that cell give rise 
to so many different organs, including the brain? 

➤ Discuss with your group.



CELLS OF THE NERVOUS SYSTEM



NEURONS: SHAPES AND SIZES

Drawings by Santiago Ramon y Cajal

Purkinje Cell (Cerebellum)
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➤ Dendrites (means tree, site of input)  

➤ Soma (site of input integration and 
processing) 

➤ Axons (site of output)

N
eu

ro
ns

 in
 C

er
eb

ra
l C

or
te

x

Dendritic Spines on dendrites are 

specialized postsynaptic formations



EXAMPLES OF NEURONS SPARSELY LABELED IN THE MOUSE BRAIN
Cerebral Cortex

Hippocampus

White Matter  

containing Axonal fib
ers



NEURONS CONNECT WITH EACH AT *SYNAPSES* TO MAKE UP NEURAL CIRCUITS



NEURONAL CIRCUIT 
DIAGRAM

Every gap represents synapses 
of axons from one set of 
neurons onto a different group 
of neurons in that brain region



ASSIGNMENT

➤ Make up your brain hat 
and label it as detailed 
as you wish to learn. 

➤ Then take a picture and 
post it along with 
something you learned 
and #NeuroCircle18



ARE THESE PROCESSES UNIQUE TO HUMANS?


