Human modeling of Neurons and Deep Neural Networks (AP LO 3.43-3.50)
Have two groups of students, one group will be a model of a neuron and another will be a model of a DNN. 
Model of 2 Neurons working at the cellular level:  











Dendrite Layer-has receptor protein cards with images
Cell Body
Axon

“Stimulus” or “Input” Person hands neurotransmitter pieces to the dendrite layer (which allows them to pick up Na+ cards and pass them along…)

Dendrite layer passes those Na+ papers to the Cell Body. Which plays by the rule of starting at -70 mV, once it gets 20 positive cards, it reaches -50 mV and fires the axon (to send the electrical signal down the axon to the axon terminal. 
Axon Terminal-has baggies of “neurotransmitters” that when they the Na+ charge arrives, they release their neurotransmitters on the table.
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Set-Up: Arrange students as above (you can reduce the number of dendrites or shorten axon if necessary).
Materials: 
1.) Four cups of pennies (neurotransmitters).  1 cup for each axon terminal. 
2.) Over 100 Na+ little cards on cardstock. 
3.) Make notecards with these taped to each notecard. 
	Stimulus: From inside of outside of the organism...Touches the dendrites to open their membrane channel proteins. 
	Dendrite: picks up Na+ ions (allows through channel when a stimulus or excitatory neurotransmitter (dopamine/pennies) bonds to it, passes those Na+ to the cell body. 
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	Dendrite: picks up Na+ ions (allows through channel when a stimulus or excitatory neurotransmitter (dopamine/pennies) bonds to it, passes those Na+ to the cell body. 

	Cell Body: Passes  Na+ charges by diffusion to the Axon hillock
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	Cell Body: Passes  Na+ charges by diffusion to the Axon hillock
	Cell Body: Passes  Na+ charges by diffusion to the Axon hillock

	Axon Hillock: Sits at -70 mV and Collects  Na+ by diffusion until it has 20  Na+ to get to -50 mV then passes Na+  to axon.
	Axon: passes Na+ charge down the axon to send the signal, after the cell body/axon hillock has given it the  Na+
	Axon: passes Na+ charge down the axon to send the signal, after the cell body/axon hillock has given it the  Na+
	Axon: passes Na+ charge down the axon to send the signal, after the cell body/axon hillock  has given it the  Na+

	Axon Terminal: Once  Na+ charge reaches the terminal, it releases Neurotransmitters (dopamine-”pennies) into synapse (table)= exocytosis
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Model of Neural Network with Hidden Layer:  Do it for 16, 61, 91, or 19 first...then introduce idea of training...Go back and train it to see 1, 8, 7, 6, 4, 













The hidden layer works as a team to try to determine the possible outcomes.
input
hidden-deep layer
output
12 “pixels” where each input takes three and passes them on to the hidden layer. 

Trainer says “Yes” or “No” 
“Adjust your weights and biases”
The output layer gives potential answers and their varying degrees of certainty, adding to 100%

Set up: 
1.) Assign 3 students as “input”, 5 students as “hidden-deep layer”, and 3 students as “output.“ 
2.) Assign 1 student as the “trainer.” 
3.) Assign 1 student as the “stimulus”
4.) Show students the website at http://cs.stanford.edu/people/karpathy/convnetjs/demo/mnist.html and http://cs.stanford.edu/people/karpathy/convnetjs/demo/cifar10.html to give overview of hand written and image classification computer tasks. 
Materials: 
1.) Cut out hand written images of 6, 9, 1, and 7 as a training set.  
2.) Cut out hand written images of the test set. 
3.) Give students notecards with their assignment. 
	Stimulus: hand “pixel” cards to the input layer 
	Input: Take the pixel cards and hand them to the hidden-deep layer. 
	Input: Take the pixel cards and hand them to the hidden-deep layer. 
	Input: Take the pixel cards and hand them to the hidden-deep layer. 

	Hidden-Deep layer: work with the other deep layer neurons to piece together the pixels and tell output %. 
	Hidden-Deep layer: work with the other deep layer neurons to piece together the pixels and tell output %. 
	Hidden-Deep layer: work with the other deep layer neurons to piece together the pixels and tell output %. 
	Hidden-Deep layer: work with the other deep layer neurons to piece together the pixels and tell output %. 

	Hidden-Deep layer: work with the other deep layer neurons to piece together the pixels and tell output %. 
	Output: Relay message the hidden deep layer has pieced together as a probability. 
	Output: Relay message the hidden deep layer has pieced together as a probability. 
	Output: Relay message the hidden deep layer has pieced together as a probability. 

	Trainer: Give feedback to the whole neural network.  Say yes, keep these weights and biases or NO change your weights and biases.  Tell it which output is best. 








Comprehension and Connection Questions: 
1.) Label the cell bodies, axons, dendrites, synapse, neurotransmitters.  Add the Axon hillock to the model. 













“Stimulus” or “Input”
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2.) Label the cell bodies, axons, dendrites, synapses, and add neurotransmitters.  Draw a covering around the axons and label that the “myelin sheath.” The myelin sheath is made of Schwann Cells. 
[image: ]
3.) In humans, these neurons carry signals to the ________________________.  Different regions of the vertebrate brain have different _________________________, like vision, hearing, muscle movement. 

4.) Below is an electrical wire with plastic insulation.  What portion of the neuron is most like the copper as it carries charge a long distance? ________________________ What portion of the neuron is most like the plastic insulation, stopping charge from leaking out of the cell? ___________________________________. [image: ]
https://www.google.com/search?q=electrical+cord+with+insulation&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjxx9mIxZXVAhVF2oMKHU6fC0AQ_AUICygC&biw=1366&bih=589#tbm=isch&q=stripped+electrical+wirse&imgrc=QXZXQPMO1RIxKM:
5.) Evolutionary Connection: What are two patterns you notice in the below diagram? How do you explain those patterns?
[image: rodents vs primates.PNG]
https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=2776484_fnhum-03-031-g004.jpg

a.) pattern 1: _____________________________________________________________________________
Explanation: _____________________________________________________________________________
________________________________________________________________________________________
b.) pattern 2: _____________________________________________________________________________
Explanation: _____________________________________________________________________________
________________________________________________________________________________________

6.) Putting it all together: Create a visual representation to describe how the nervous system detects external or internal signals, transmits that information, and produces responses. (incorporate the details from the models)


Internal
signal
External Stimulus-snake slithering

Zoom in of what you think happens in the brain.

Zoom in of what is happening in the neurons.

http://cliparts.co/cliparts/kiK/By8/kiKBy8zrT.jpg
7.) What is the difference between stimulatory and inhibitory?  What is an example of each?
Stimulatory: ______________________________________________________________________________
Example:________________________________________________________________________________
Inhibitory: ______________________________________________________________________________
Example:_______________________________________________________________________________
8.) The axon is wrapped in cells called Schwann Cells.  How do Schwann Cells help signals be sent? 


a.) what is the equivalent of schwann cells for electrical wires? _____________________________________
Easier to cut for info cards…
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Stimulus: 
hand “pixel” cards to the input layer 
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Take the pixel cards and hand them to the hidden-deep layer. 
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Output: 
Relay message the hidden deep layer has pieced together as a probability. 
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Trainer: 
Give feedback to the whole neural network.  Say yes, keep these weights and biases or NO change your weights and biases.  Tell it which output is best. 
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