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Designed to expose students to topical questions in neural science, this course will
investigate cellular communication, simple reflexes, complex neural networks and
complex behaviors such as consciousness, coordinated movement, emotions, motivation,
and memory. Intended for all students interested in understanding the science behind the
brain.

IV. MAJOR LEARNING OUTCOMES
Upon completion of this course a student will be able to:

A. Describe the general anatomy of neurons and the organization of the human
nervous system including functional anatomy associated with input from somatic
sensory, vision, auditory, vestibular and chemical senses.

B. Summarize mechanisms associated with cellular events such as action potentials,
synaptic transmission and myelinization ofaxons and explain their impact on
larger scale neuronal processing such as hemispheric specialization, simple
reflexes, coordination, proprioception and the control of movement.

C. Evaluate multiple theories of memory encoding and relate them to principles of
Hebbian synapse formation, Long Term Potentiation and synaptic plasticity.

D. Analyze topics associated with language lateralization, sleep, consciousness,
motivation, development and aging of the nervous system.

E. Distinguish similarities and differences between the processing of different
sensory modalities.

F. Appraise and synthesize new developments in the field ofneuroscience.

V.CONTENTS
A. Process of science, how scientific measurement and technological developments

in data collection contributes to and biases our ever evolving understanding of
neural systems
1. History ofphrenology
2. Descartes dualistic theories
3. Computer assisted imaging technologies
4. Forms of scientific communication (laboratory reports vs. review articles and

writing for popular consumption)
B. Basic signaling unit for behavioral responses

1. Neurobiology
a. Anatomy and structure of individual nerve cells
b. Ion channels
c. Pumps
d. Membrane potentials
e. Action potential
f. Electrical signaling

2. Synapses
a. Anatomical structure of the synapse
b. Function of synaptic transmission and communication
c. Neurotransmitters
d. Pharmacology of the synapse

3. Sensory systems
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a. Principles of sensory transduction
b. Touch
c. Vision
d. Hearing
e. Taste and smell

4. Motor systems
a. Physiology of the neuromuscular junction
b. The reflex arc and muscle spindle mechanism
c. Spinal cord circuitry underlying muscle reflexes
d. Brainstem circuitry for locomotion reflex

C. Gross anatomy and development: The evolution ofneural system over time and
lifespan
1. Neural tube

a. Brain vesicle development
b. Alar plate (sensory)
c. Basal plate (motor)

2. Spinal cord development and anatomy
3. Brainstem development and anatomy
4. Forebrain and cerebrum development and anatomy
5. Comparative anatomy

a. Invertebrate vs. vertebrate
b. Mammalian evolution, including concepts ofphrenology and mis

measurement as examples of the scientific process of discovery and
correction

D. Modified reflexes: Centralized location of reflexes and complex neural
interactions
1. Descending control of spinal cord circuitry
2. Brainstem upper motor neurons that maintain balance and posture
3. Motor cortex/upper motor neuron control of complex voluntary movements
4. Subcortical loops of the basal nuclei, response to anticipation ofmovements
5. Disorders ofmovement

a. Parkinson's Diesase
b. Huntington's Disease
c. Amyotrophic Lateral Sclerosis

E. Hormonal attenuation: Effects of chemicals both endogenous and environmental
on the central nervous system
1. Hypothalamus - chemical control of the brain and behavior

a. Pituitary anatomy and function
b. Stress, satiety, Neuropeptide Y
c. Autonomic integration ofbehavioral functions

2. The limbic system concept
a. Emotions

1. Cannon-Bard theory
2. James- Lang theory

b. Lesion studies of amygdala and fear pathways (examples ofPhinias Gage
and frontal lobotomies)
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3. Motivation
a. Role of dopamine and reinforcement
b. Short and long term regulation ofhunger states.

4. Sex and the brain
a. Genetics of sexual determination
b. Sexually dimorphic nuclei
c. Neural basis of sexual behaviors
d. Gender differences in cognitive tasks

F. Meta systems: Higher order cortical processing and phenomenon
1. Learning and memory

a. Synaptic plasticity and cellular learning (Hebbian synapse formation,
habituation, sensitization, Long Tenn Potentiation, Long Tenn
Depression)

b. Encoding, association, recall, addressing the question is this human
memory?

2. Language
a. Localization, lateralization and development
b. Language dysfunction (Broca's and Wemikie's dysphasia)

3. Consciousness
a. Sleep - Stages and function of sleep and dreaming. Neuronal mechanisms

of sleep (Reticular Activation System, and Superchaismatic nuclei
influences on sleep)

b. The reticular Activating System and consciousness
c. The cortex and consciousness

4. Disorders and clinical syndromes
a. The aging nervous system
b. Behavioral: Alzheimer's vs. autism, schizophrenia vs. Parkinson's
c. Stroke and other loss phenomenon
d. Brain body connections

VI. INSTRUCTIONAL METHODOLOGY
A. Assignments

1. In class assignments done in groups, or individually
a. Weekly discussions; requiring students to analyze and integrate the

principles introduced in each lesson.
b. Oral research presentations where students are responsible for presenting

their own research about relevant topics
c. Watching and discussing video clips, movies or Ted talks such as

1. The Divided Brain. lain McGlichrist. TED talk produced by RSA
Animate, Filmed Oct 2011

2. The Inner life of the Cell. Video Animation Produced by XVIVO
Scientific Animation for Harvard University, 2013

d. Field Trips: Optional. may involve visits to local research labs and clinics.
2. Out of class assignments
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a. Reading and analyzing materials from various sources such as suggested
textbooks or articles from journals such as The Scientist or Scientific
American.

b. Performing investigative research on a topic related to neuroscience such
as synesthesia or chronic pain and preparing a written and/or oral
presentation of findings

B. Evaluation
1. Exams and Quizzes will utilize questions developed to test specific, main

points from lecture and required reading such as function of the Na+/K+
ATPase, action potential initiation and anatomical structures associated
functions

2. Group and/or individual oral presentations designed to present integration of
behavioral functions such as sex, hunger, fear, motivation and learning with
the cellular and anatomical foundations covered in class

3. Research papers will assess student's ability to evaluate recent advances in the
field ofneuroscience by reviewing current scientific literature, summarizing
background information, and explaining the process that leads to current
discoveries.

4. Final essay exam assignments - Final Exam will select from a series of
writing topics aimed at integrating cellular topics and anatomy with
physiological phenomenon such as memory and consciousness and diseases
such as Alzheimer's and Parkinson's

C. Textbooks and other instructional materials
1. Texbooks and Lab books such as:

a. Kandel ER, Schwartz JH, Jessel TM. Siegelbaum S. and Hudspeth AJ.
Essentials ofNeural Science and Behavior. McGraw Hill, New York.
2012 or later editions.

b. Bear, MF, Connors BW, Paradiso MA. Neuroscience Exploring the Brain.
Lippincott Williams &, Wilkins. Philadelphia, PA. 2007 or later editions.

c. Purves Dale, Neuroscience. Sinauer Associates. Sunderland, Mass. 2011
or later editions.

d. Diamond MC, Scheibel AB, Elson LM. The Human Brain Coloring Book.
Harper Collins. 1995 or later editions.

2. Excerpts ofbooks such as
a. Oliver Sacks. The Man Who Mistook his Wife for a Hat. Simon &

Schuster New York, NY. 1970.
b. Joseph Ledoux. Synaptic Self: How our Brains Become Who We are.

Penguin Books, New York. 2003
c. Clark DL, Boutros NN, Mendez MF, The Brain And Behavior; An

Introduction to Behavioral Neuroanatomy. Cambridge University Press
New York. 2010.

3. Articles from Journals such as
a. Journal ofNeuroscience
b. Science
c. Scientific American
d. The New Scientist
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VII. TITLE 5 CLASSIFICATION
CREDIT/DEGREE APPLICABLE (meets all standards of Title 5. Section 55002(a)).
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