
Chapter 9:  The Central 
Nervous System



CNS:  The Brain

• The brain:  a quick tour


• Special Brain Functions:


• Language


• Memory


• Sleep





The Brain:  A Quick 
Tour









Frontal Lobe

• Control of skeletal muscles

• Personality

• Concentration

• Planning

• Decision making

• Verbal communication



Parietal Lobe

• Somatesthetic sensation

• Speech comprehension

• Interpretation of textures 
and shapes



Temporal Lobe

• Interpretation of 
auditory information

• Storage (memory) of 
sounds



Occipital Lobe
• Vision

• Perception and 
understanding of visual 
images

• Correlating new images 
w/ previous images

• Eye movement and 
focusing



Cerebral Lateralization

• Contralateral control due to the decussation of 
fibers

• Specialization in one hemisphere or the other for 
various functions







Right Hemisphere
• Visuospatial tasks

• Memory of non-verbal 
experiences

• Comprehension of patterns and 
part/whole relationships

• Music composition 

• Recognition of people based on 
facial features



Left Hemisphere

• Analytical ability 

• Music analysis

• Language

• Memory of verbal 
experiences



Basal Ganglia

• Voluntary motor control

• Controls habitual behaviors 
including eye movements and 
bruxism (clenching of the jaw)

• Affected by Parkinson’s disease 
and Huntington’s disease

• Implicated in Tourette’s 
syndrome and OCD



Limbic System

• Includes the amygdala, 
hippocampus and cingulate 
gyrus

• Controls emotion, motivation, 
memory

• Aggression, fear, feeding, 
sex, goal-directed behavior, 
etc. 



for orientation only -
not part of the limbic system





Diencephalon

• Thalamus:

• Integrator and relay center 
for sensory input

• Hypothalamus



Diencephalon:  Pituitary Gland

Pituitary Gland:  hormone 
secretions regulated by 
hypothalamus

1610s, "secreting or containing mucus," from Latin pituitarius 
"mucous," from pituita "clammy moisture, phlegm, mucus, slime;” 
taken as the name for the gland because it was believed that it 
channeled mucus to the nose





Diencephalon:  Pineal Gland



The Cerebellum
(Latin:  little brain)

• Motor control

• Does not initiate movement, but 
contributes to coordination, 
precision and accurate timing

• Cerebellar damage does not 
result in paralysis, but instead 
produces disorders in fine 
movement, equilibrium, posture 
and motor learning



Brain Stem

• Connects spinal cord to brain

• Pons ( = bridge)

• Relay station between 
cerebellum and cerebrum

• Respiratory centers



Brain Stem
• Medulla oblongata

• Vital centers for many involuntary processes including 
breathing, blood pressure regulation, swallowing, vomiting

• Reticular Formation

• Consciousness, arousal, sleep, muscle tone, pain(?)

• Neurons originating here form the diffuse modulatory 
systems (4) named for their NTs



Diffuse Modulatory 
System

Serotonin

When you feel happy, you smile 
AND

when you smile, you feel happy.







• Dopamine:  the pleasure 
molecule

• exhilaration, energy, 
euphoria, giddiness, 
focused attention, 
heightened sensations

• reward centers, addictive 
behavior

Dopamine





Language



Language



Aphasia
• Expressive aphasia (Broca’s aphasia) = 

inability to speak, often with right-sided 
weakness or paralysis

• Patients may be able to speak in a limited 
way but with great effort; they do 
understand language and are therefore 
aware of their inability to communicate

• “"Walk dog," could mean "I will take the 
dog for a walk,” “please take the dog for a 
walk" or even "the dog walked out of the 
yard.”  



Aphasia
• Receptive aphasia (Wernicke’s 

aphasia) = inability to convey meaning, 
difficulty understanding themselves 
and others

• Patients speak in long, meaningless 
phrases and create their own words

• “"You know that smoodle pinkered 
and that I want to get him round and 
round take care of him like you want 
before,” meaning "The dog needs to 
go out so I will take him for a walk.”





Aphasia
• Singing and Melodic Intonation 

Therapy

• The majority of cases of aphasia 
occur as a result of stroke

• Since Broca’s area is on the left 
side of the brain, but singing 
capabilities are stored in the right 
hemisphere, this has been a great 
tool for patients with Broca’s 
aphasia



Learning
and

Memory



Memory
Memory has 2 different time-scales:  

1.  Short-term memory

seconds to minutes

2.  Long-term memory

minutes, hours, days, weeks, years

Memory Consolidation





Learning:  Best Practices

• Learning is about building and making connections between neurons in 
the brain 


• Diffuse mode vs. focus mode 


• Chunking and breaks


• Spaced repetition and retrieval practice


• Know yourself:  race car vs. hiker





Memory Loss





There is 
something that 

ALL Alzheimer’s 
patients respond 

to...











Adenosine A2A Receptor
(GPCR)











NREM Sleep

• NREM Sleep s a period of rest that makes up most of the sleep 
cycle.


• Stage N1: the “dozing off” stage, this is the shortest, lightest 
stage of sleep. Brain activity starts to slow during this stage, but 
the body isn’t fully relaxed and may experience involuntary 
twitching. Heartbeat and breathing begin to slow.



NREM Sleep
• Stage N2: Light sleep. Eye movement stops, internal temperature drops, 

and the brain only emits short bursts of activity, known as sleep spindles. 
During the first cycle of sleep, this stage only lasts about 10 to 30 minutes 
but increases in time when you reenter the cycle later on in the night. Most 
people spend about half of their sleep time in this phase.


• Stage N3: The third stage of NREM sleep is where deep sleep occurs. 
Short-wave sleep, characterized by low frequency and high-amplitude 
delta wave patterns, is where the most restful sleep occurs. Brain wave 
activity and blood pressure slow, muscles relax, and the body can recover 
and repair itself. This stage lasts for shorter periods as the night 
progresses.



NREM Sleep

• NREM sleep aids physical recovery, recovery from illness, stress 
reduction and problem-solving


• Helps your body wind down and fall into a deep sleep, which 
allows you to feel more rested in the morning


• Memory consolidation 


• Immune system booster



REM Sleep

• Rapid eye movement (REM) sleep, also known 
as paradoxical sleep (PS), is a sleep stage that happens shortly 
after falling asleep where most dreaming takes place. 


• REM sleep occurs in mammals and birds and is characterized by 
an elevated heart rate, rapid eye movement, fluctuations in 
blood pressure, and temporary paralysis in the arms and legs (to 
prevent you from moving around while you dream). 

https://masterclass.com/articles/what-is-a-paradox-in-writing-learn-about-the-differences-between-literary-paradox-and-logical-paradox-with-examples


REM Sleep

• REM affects mood, memory and learning efficiency


• Helps the brain regulate the synapses associated with many 
types of motor learning


• Dreaming and creativity


• Emotional processing 



Get Better Sleep

• Develop a sleep routine


• Avoid late-night cardio exercise


• Reduce caffeine and nicotine consumption


• Avoid alcohol before bed (it robs you of REM sleep)


• Eat light at night



• Talk to your doctor about medication timings


• Keep devices out of bed


• Use bed only for sleep and sex


• If you can’t fall asleep after 25 minutes, get up and do something 
relaxing before going back to bed to try again


