RET & Neurons
Total Number of Lessons: 3
Total Time for Module: 144 minutes

Section 1: Module Overview and Curricular Connections

	•	Module overview: The purpose of this module is to expose freshmen biology students to the idea of structure being related to function within a cellular context.  Prior to these 3 lessons, students will have learned the basics of what a cell is as well as how they form a multicellular organism as cells form tissues, tissues form organs, etc.  The goal will now be for the students to see the big picture that while all cells have similar internal parts (organelles), they serve very different purposes.  Using the neuron as an example will lead them to this goal.  They will learn the function of a neuron, how its structure/design is aided by its design, how they communicate with each, how this communication amongst neurons creates a learning environment or storing, retrieving, sorting information is a logical and usable fashion and how this can easily be seen by using computer neural networks as an example.
	•	
	•	Module goal: SWBAT describe (using vocabulary terms, diagrams, or models) how the structure and function of neurons contribute to our learning and that artificial neural networks mimic this system.
	•	Module scope and rationale: This module will require 3 days.  Rationale:  Each year that I teach cells to freshmen (regardless of honors/regular/ENL), I find that the majority of the students struggle with the idea that the “generic” cell that we learn about is simply a model of each of the various types of cells in our bodies.  It is my goal that, by teaching an in-depth view of the job of one specific type of cell ( here, the neuron) that they will then be better able to generalize the “generic” cell and each of its organelles to every other cell in our bodies.

Connection to standards: 
Indiana Biology Standards 
Standard 1: Cellular Structure and Function
B.1.5 Develop and use a model to illustrate the hierarchical organization of interacting systems  (cell, tissue, organ, organ system) that provide specific functions within multicellular organisms.
Science and Engineering Process Standards (SEPS)

SEPS.2 Developing and using models and tools
     A practice of both science and engineering is to use and construct conceptual models that illustrate ideas and explanations.  Models are used to develop questions, predictions and explanations; analyze and identify flaws in systems; build and revise scientific explanations and proposed engineered systems; and communicate ideas. Measurements and observations are used to revise and improve models and designs.  Models include, but are not limited to: diagrams, drawings, physical replicas, mathematical representations, analogies, and other technological models.  
     Another practice of both science and engineering is to identify and correctly use tools to construct, obtain, and evaluate questions and problems.  Utilize appropriate tools while identifying their limitations.  Tools include, but are not limited to: pencil and paper, models, ruler, a protractor, a calculator, laboratory equipment, safety gear, a spreadsheet, experiment data collection software, and other technological tools.  

ITEEA Core Concepts of Technology:  Standard 2
Grades 9-12: (Y) The stability of a technological system is influenced by all of the components in the system, especially those in the feedback loop. Cruise control in an automobile, for example, automatically detects and controls the speed of the car. Some delay in feedback or in functioning can cause a cycle to develop in a system. 

NGSS 1.  Interdependence of Science, Engineering, and Technology
9-12 Connections Statements: 
· Science and engineering complement each other in the cycle known as research and development (R&D).
· Many R&D projects may involve scientists, engineers, and others with wide ranges of expertise. 

“The first core idea is that scientific inquiry, engineering design, and technological development are interdependent:
     The fields of science and engineering are mutually supportive, and scientists and engineers often work together in teams, especially in fields at the borders of science and engineering. Advances in science offer new capabilities, new materials, or new understanding of processes that can be applied through engineering to produce advances in technology. Advances in technology, in turn, provide scientists with new capabilities to probe the natural world at larger or smaller scales; to record, manage, and analyze data; and to model ever more complex systems with greater precision. In addition, engineers’ efforts to develop or improve technologies often raise new questions for scientists’ investigations. (NRC, 2012, p. 203)”

	•	RET materials/ideas to be leveraged: Before this RET, I had never heard of an ANN.  I will share my basic understanding of how artificial neural networks require input, have multiple layers, produce output, and can “learn” by feeding this output back and forth across the layers.  I will also use a database to show a neural network learning to identify images and, as it is exposed to more and more images, increase its image identification accuracy.  [This second piece will fall into a genetics unit where we discuss inherited diseases (Huntington’s and Alzheimer’s diseases) and how memory loss in humans can be demonstrated by an ANN that does not have enough input to correctly identify an image.]  
	•	Prior knowledge needed for module: Before beginning this module, students will learn the history of the discovery of the cell and the function of the various organelles found in cells.

___________________________________________________________________________________________________________
Section 2: Overview of Module Framework

	•	Real-world context:
     Instead of creating a distinct unit that specifically focuses on this RET, I am using the content and concepts from this RET in example form to strengthen the students’ understanding of three key points:  (1) statistics and their use in biology, (2) how neurons receive input and send signals to other neurons for analysis and interpretation, (3) learning increases as connections between neurons are built and learning/memory is lost as connections between neurons are lost.  These examples will be used to support currently established state standards that students are expected to learn over the course of the year such as how cellular structure and function are related.

	•	Possible Lesson Ideas:
                         -Lecture on genetically inherited diseases such as Huntington’s disease and Alzheimer’s.    
                         -Using microscopes to view slides containing neurons and other cell types; draw the structure of each and        
                          compare/contrast their functions

	•	Background STEM content:  Students will have already learned how to calculate mean, standard deviation, +/-2 
                  standard deviation, and t-test as well as how to describe what these values mean.  Students will have also just begun 
                  a unit on “The Cell” and will understand that while there are multiple types of cells within the multicellular organism, 
                  they all share very similar characteristics.   Students will then need background information on neural networks, their 
                  function, their purpose, and how they work.  
	•	Possible Lesson Ideas: 
                     	-Dr. Niemier will present the class with a lecture that covers these points.
		-I will help the students do a demonstration that mimics (on a very basic level) neural nets.  The following 
                      puzzle pieces will be mixed up, 1 piece at a time will be passed out to an “input” row of students who will 
                      pass the pieces back (feedforward) and eventually the final row of students will attempt to assemble the     
                      pieces into something that makes sense.  The last student will serve at the “output” by presenting the image.  
                      If it’s correct, that image/response is recorded by the brain, if incorrect, then feedback is generated and the 
                      image is reviewed.












	Final Project: 
    Part 1:  Students will work with 1 partner to research and present a powerpoint presentation on a chosen neurodegenerative disorder.  (see rubric included in this folder)
   Part 2:  Individual assessment of the final project involves each student completing a written assignment that is completed without collaborating with partner/s (see assignment included in this folder)
 
	•	Possible Project Deliverables:  Each student will work with a partner to create 1 powerpoint.  
___________________________________________________________________________________________________________
Section 3: Module Sequencing and Assessment

	•	Description of sequenced learning objectives: 
	Lesson 1:  Students will be introduced to the neuron.  (Foundation)
-They will learn about the structure and the function of the neuron.
-Using microscopes & preserved slides, students will view neuron cells.
-Students will build a model of a neuron using classroom supplies (fun foam sheets, etc.)
-follow-up on day 2:  “puzzle” pieces will be randomly passed out and, with each student acting as an individual neuron, they will work to solve the puzzle (the goal here being that I give little to no instruction and they eventually figure out the image by communicating with each other, just like neurons –and ANNs- ultimately do.)

	Lesson 2:  Students will gain a basic understanding of neural networks and deep learning.  (RET connection)
		-Dr. Niemier lecture over neural nets
		- using Karpathy blog/ code to calculate accuracy rate over time for neural nets (data used to calculate mean, SD, +/-  
                               2SD, t-tests)
	Lesson 3:  Students will use PCR to amplify a given sample of DNA, run a gel electrophoresis, and identify the 
                               presence/absence of a gene of interest
	Lesson 4:  Students will apply their basic understanding of neural networks and human neurons to creating a presentation 
                  about degenerative neurological disorders (RET & foundation application)
	-Students will be given a rubric outlining requirements for researching information about a chosen disorder and 
                presenting their findings to the class
	-Students will demonstrate an understanding of the similarities between human learning and A.N.N.s and describe 
                ways that ANNs can help improve the quality of life for individuals with some of these neurological disorders or ways 
                that ANNs could lead to better understanding these disorders.

	•	Description of formative assessment approaches: 
-Class discussion of function/structure of neurons
-Graded lab for Viewing Cells
-Group discussion about puzzle outcome
-Students will submit data calculations for Karpathy data along with their assessments
-Students will submit results of individual work with PCR/gel electrophoresis

	•	Description of summative assessment approaches: 
	     The final project will be a presentation on one of a variety of neurodegenerative disorders
-(attach presentation rubric)
___________________________________________________________________________________________________________
Section 4: Final Comments and Attached Files

	•	Recommendations for implementation: 
[bookmark: _GoBack]			-read manufacturer’s instructions when using PCR and gel electrophoresis
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