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1. Course Administration 

Instructor: Prof. Arij Daou 

Office: RGB 405 / College Hall 417. 

Phone: x 3412  

Office hours: M 1:00 – 2:00 (RGB), T 1:00 – 2:00 (College Hall), F 10:00 – 11:00 (RGB) 

Email: arij.daou@aub.edu.lb 

2. Course Description [3 credits] 

 

The human brain, perhaps the most complex, sophisticated, and complicated learning system, 

controls virtually every aspect of our behavior. This course will introduce engineers, 

physicists, computational scientists, mathematicians and other audiences to the neurosciences 

from the cellular level and the network level. It will as well involve a basic introduction to the 

structure and function of the central nervous system. The course will include a study of the 

neurophysiology of the neuron, electrophysiological approaches to record from neurons, as 

well as mathematical and/or computer-based models that help explain existing biological data 

and provide a theoretical framework that encapsulates our emerging understanding of the 

sensory, motor, and cognitive functions of the brain. A goal of this course also is to provide 

students with a broad overview of the many practical applications in the field and review 

neuroengineering methods and technologies that enable the study of and therapeutic solutions 

for diseases of the brain or damage to the CNS, particularly for research or clinical application 

in the neurosciences.  

3. Time and Place 

MW: 2:00 – 3:15  

Place: Bechtel 209 

4. Prerequisites 

BIOL 201, MATH 202 

 

 

 



 

5. Textbook and Software 

 Material will be selected form book chapters, review articles and research journals. 

 Recommended (but not required) books: 

- Peter Dayan & Larry Abbott. Theoretical Neuroscience: Computational and 

Mathematical Modeling of Neural Systems. MIT Press, 2001  

- Irwin B. Levitan & Leonard K. Kaczmarek. The Neuron: Cell and Molecular Biology. 

Oxford University Press, 4th edition, 2015. 

 Required software: Matlab 

6. Course Objectives 

 

By the end of this course, the student should be able to: 

 Define the basic cellular and network-level organization of neurons in selected systems 

(vision, audition, etc …). 

 Describe and identify the major nuclei of the brain and their roles in sensory, motor and 

cognitive functions. 

 Understand the properties of cells that make up the nervous system including the 

propagation of electrical signals used for cellular communication, and relate the properties 

of individual cells to their function in organized neural circuits and systems. 

 Understand the principles of electrophysiological techniques and imaging technologies. 

 Understand how neurons, and networks of neurons can be modeled mathematically.  

 Learn about the applications of neural engineering in sensory, motor, neurological and 

mental disorders. 

 Have general knowledge about the principles, methodologies and applications of the main 

engineering techniques used to study and interact with neural systems. 

 Understand the biological bases of some brain disorders. 

7. Student Assessment 

Assignments  15% 

Paper Summaries 15% 

Class Participation 5% 

Quizzes 35% 

Final exam  30% 
 

8. Moodle 

Students are expected to check for updates on Moodle on a daily basis. Announcements, 

course handouts, and assignments will be available in “pdf” format from Moodle.  



 

9. Course Topics  
    

WEEK # TOPICS 

1 
Cellular Neuroanatomy 

The prototypical neuron. Classifying neurons. Glia. Ionic basic of resting membrane 

potential. The action potential. 

2-3 
Neurophysiology 

Patch clamp. Voltage clamp. Extracellular single-unit and multi-unit recordings. Local 

field potentials. Nerve conduction studies. 

4 
Organization of the Vertebrate Brain 

Gross organization of the mammalian nervous system. CNS & PNS. Cranial nerves. 

Ventricular system. Functional brain imaging. 

5-6 
Electrophysiology of the Neuron 

Mechanisms of action potential generation. Properties of ionic currents (INa, IK, ICa, IAHP, 

IM…). Synaptic potentials. Electronics and physics backbones of intracellular recording. 

7 
Hodgkin-Huxley model: from Ion Channels to Mathematics 

Ionic-based single and multiple compartment mathematical modeling of neurons, and 

networks of neurons. Dynamical systems in neuroscience. 

8 
Large Scale Modeling of the Brain 

Blue Brain Project review. Cognitive Computation Project review. SPAUN. Relating 

complex behavior to complex brain activity via modeling. 

9 
Diseases of the Brain 

Developmental disorders. Diseases of the PNS. Diseases of the CNS and 

neurodegeneration. Infectious & immune-mediated diseases affecting the nervous system. 

10 
Systems: Vision 

Visual processing: Eye and Retina. Bioengineering approaches to vision science (visual 

neuroprosthetics, optic nerve implants, neural modeling …). 

11 
Systems: Audition 

Auditory System: Structure and Function. Bioengineering approaches to audition 

(cochlear implant design, speech procession, neural modeling of auditor system …). 

12 
Systems: Somatosensation and Optogenetics 

The Somatic Sensory System. Neurophysiological and Engineering basis of Optogenetics 

(channelrhodopsin, two-photon imaging …). 

13 
Systems: Motor 

Motor Systems (spinal reflexes, descending motor pathways, motor cortex, basal ganglia, 

cerebellum, ocular motor system…). Bioengineering and computational approaches. 

14 
Neuroprosthetics: Artificial Arms 

Neural Prostheses: Linking brain signals to prosthetic devices. Overview of visual, 

auditory, motor and cognitive prosthetics, with focus on arm and limb prosthetics. 



 

WEEK # TOPICS 

15 
Neuroprosthetics: BCI and EEG 

Overview and milestones of BCI and EEG. Physiological signals and components of BCI 

and EEG (signals acquisition, features extraction and translation …). 

16 
Brain Metabolism and Neuroimaging (PET/MRI) 

Brain imaging techniques (CT, DOI, MRI, MEG, PET, SPECT, cranial ultrasound …), 

with focus on PET and MRI. Blood brain barrier and cerebral metabolism.   

17 
Learning and Memory 

Neurobiology of learning and memory (synaptic plasticity, LTP, LTD). Types, 

localization and mechanisms of memory. Non-associative learning and conditioning. 

 

 

AUB strives to make learning experiences as accessible as possible. If you anticipate or experience 

academic barriers due to a disability (including mental health, chronic or temporary medical 

conditions), please inform me immediately so that we can privately discuss options.  In order to help 

establish reasonable accommodations and facilitate a smooth accommodations process, you are 

encouraged to contact the Accessible Education Office: accessibility@aub.edu.lb; +961-1-350000, 

x3246; West Hall, 314 


