
Title: 	Computer Vision: Teaching Computers to See


Abstract:  

Today cameras and computers are everywhere in our society (think cellphones!). Our devices have more processing power than the spaceships that took humans to the moon, however these computers have usually been very bad at doing certain tasks that are very simple for humans. One of these tasks is the ability to recognize and interpret images. Can we teach computers to learn to see like us and what are the applications for science and engineering?

In this lesson students will learn the basics of how a computer uses feature detection and probability to recognize objects. They will explore using an image classification website how well an algorithm is able to do a simple detection problem. At the end of the lesson the students will formulate a science/engineering proposal that uses computer vision and discuss any ethical implications of using their algorithm.









What standard(s) does this address? 
	NGSS Performance Expectation
Write it out, not just the #. 
	
HS-ETS1-1 Analyze a major global challenge to specify qualitative and quantitative criteria and constraints for solutions that account for societal needs and wants.

HS-ETS1-3 Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that account for a range of constraints, including cost, safety, reliability, and aesthetics, as well as possible social, cultural, and environmental impacts

HS-ETS1-4 Use a computer simulation to model the impact of proposed solutions to a complex real-world problem with numerous criteria and constraints on interactions within and between systems relevant to the problem. 

HS-ETS1-2 Design a solution to a complex real-world problem by breaking it down into smaller, more manageable problems that can be solved through engineering.







	Common Core Math
(found w/ NGSS)
	MP.2 Reason abstractly and quantitatively. (HS-ETS1-1)
MP.4 Model with mathematics.







	Common Core English
(found w/ NGSS)
	RST.11-12.7 Integrate and evaluate multiple sources of information presented in diverse formats and media (e.g., quantitative data, video, multimedia) in order to address a question or solve a problem.

RST.11-12.8 Evaluate the hypotheses, data, analysis, and conclusions in a science or technical text, verifying the data when possible and corroborating or challenging conclusions with other sources of information. 

RST.11-12.9 Synthesize information from a range of sources (e.g., texts, experiments, simulations) into a coherent understanding of a process, phenomenon, or concept, resolving conflicting information when possible.










Keywords: These are terms that the educator might use to search for your lesson plan. Make them topical: “Climate change” “viruses” “epidemiology” “lasers”. Between 1-6 words. 


Computer vision, imaging, data science, machine learning, engineering, algorithms, code



Learning Objectives: What will the students be able to do or demonstrate after this lesson? 
Use measurable verbs. Try to make them three-dimensional by using Science & Engineering Practices (HOW), Disciplinary Core Ideas (WHAT), Cross-cutting concepts (WHY) that you find with your NGSS. 

After completing this lesson, students will be able to:
 
·  Explain what computer vision is and how it is being used in our world today. Explain applications where computer vision is important.

·  Understand the basics of Bayesian decision theory. Explain basic probability theory. Explain what features are.

· Explain the advantages and disadvantages of computer vision and machine learning. Understand the importance of good training data. Understand the ethical implications of computer vision. 


Lesson plan outline: 
All italics can be removed. They are just there for guidance.  Include expected time. For more information on the 5Es or ideas for how to implement them, visit these websites: 
https://ngss.sdcoe.net/Evidence-Based-Practices/5E-Model-of-Instruction
http://nextgenerationscience.weebly.com/5-es-of-science-instruction.html


1
Lesson plan writer name: Zachary Burns
Lesson plan writer position and institution: PhD Student at UCSD, Electrical and Computer Engineering
Lesson plan writer email:  zburns@ucsd.edu
Do you want teachers to contact you with questions / opportunities for classroom visits? yes
Note: All italics can be removed. They are just there for guidance.  



	Learning E 
	Teacher Does / Says
	Student Does 

	Engage
 How can I get students interested in this?
	T: 
1. Have students watch this TED video on computer vision the night before: 
https://www.youtube.com/watch?v=40riCqvRoMs
About 18 minutes long.


2. Ask students to prepare by collecting a few pictures (off the internet or of their own) of cats and some other animals that are not cats.



	S: 
1. Watches TED talk video on Youtube.

2. Collects a few images

	Explore
What tasks / questions can I offer to have students puzzle through this?
	T: 
1. Discuss the main points of the video from last night. What is computer vision? What are some examples of CV? (Hint: SnapChat filters!) How do we as humans recognize objects? For example how do we know something is a dog/cat/bird/airplane etc? 

2. Have the students in small groups come up with a list of visual features that we use to recognize cats. How many could they think of? Next count how many of these features are unique to just cats? How many are not unique?

3. In small groups have the students go to: https://isthisacat.com/ . Have them test with the images they collected whether the algorithm is correct. Have them look at the list of features they collected and try to find cases where the algorithm misclassifies(Hint: look up hairless cats). Take note of these examples.




	S: 
1. Try to summarize the main idea of computer vision. They can bring up what parts confused them? What parts the find interesting.

2. Participates in listing activity.

3. Test the cat identifying algorithm and look for cases where it fails.


	Explain
How can I help students make sense of their observations? 
- let them try to explain first
	T: 
1. Bring the class back together. Ask the class what the general results were (mostly correct?). Ask for examples where it failed.

2. Use the powerpoint to bring up the definitions of Bayes’ rule and the decision rule. Walk through in words what the mathematical expression intuitively means. Try to think of concrete, real-world examples of this (Doctor doing diagnosis based on symptoms). Explain how we use data to estimate probabilities and the importance of good data.




	S: 
1. Give feedback on their experiments.

2. Listen to the teacher’s explanation. Try to give examples of Bayes’ rule.



	Elaborate
How can my students apply their new knowledge to other situations? 
	T: 

1. Ask students to think of how this new tool can be used. In their groups have them brainstorm a problem in science or engineering that CV could solve? How would they collect the data? What features would they look for? Ex: autonomous cars, medical diagnosis from MRI/CT scan, remote wildlife counting. Have them share with the group

2. Briefly discuss how collecting a diverse dataset is important to prevent misclassification (hairless cat). Example: collecting racially diverse data for facial classification and surveillance. 

3. Briefly discuss the ethical implications of CV. For example, in autonomous driving the implication are life-or-death. Uber’s autonomous vehicle program in Arizona led to a pedestrian casualty. How do we know if our algorithm is ever “good enough”? Can any algorithm ever be perfect? Who should be held responsible in cases where they fail?



	S: 

1. Come up with an application for CV. Discuss with their group.

2. Participate in the discussion.

3. Participate in the discussion.

	Evaluate 
How can I help my students self-evaluate and reflect on their learning? 
	T: Assess student progress

1. Before leaving have each group turn in a brief (paragraph) proposal of using CV to solve a science or engineering problem. Have them include: (1) How CV will be used to solve the problem, (2) How the dataset will be collected, and (3) Are there any ethical implications of how the algorithm will be used or how the data will be collected?




	S:

1. In their small groups, the students write a short outline on how they will use CV.




Appendix: 
Background information for the teacher (bulleted & concise). Links to videos, pop science articles (kid-appropriate). Anticipate student questions and provide answers here. Explain any prepwork required. Include list of materials needed (keep them cheap, household items), attach worksheets you’ve made, list any websites or software needed for the activity. 

Link to TED Talk on CV: https://www.youtube.com/watch?v=40riCqvRoMs

Biography of the presenter Fei Fei Liu: https://en.wikipedia.org/wiki/Fei-Fei_Li. 

Abbreviations:
CV – computer vision
ML – machine learning




Applications of Computer Vision in Science and Engineering

1. Recognizing cells in microscope images. Cell counting, cell tracking over time. Artificial “staining” of cell tissue. Organelle segmentation. https://www.quantamagazine.org/greg-johnsons-artificial-intelligence-sees-inside-living-cells-20190724/

2. Medical diagnosis based on MRI/CT/Xray/PET images. Tumor recognition. Learning to assist radiologists in making diagnosis based on imaging. https://aimi.stanford.edu/research/focal-areas/deep-learning-computer-vision

3. Autonomous vehicles. Recognizing roads signs, pedestrians, oncoming vehicles, unexpected events. Estimating distance between car and objects, object velocity. https://towardsdatascience.com/how-do-self-driving-cars-see-13054aee2503

4. Identifying and counting wildlife with remote cameras. https://www.pnas.org/content/115/25/E5716


STEM researcher biography (optional): 
Tell the teacher and their students about who you are, where you’re from, what got you into science. Include a picture of you (doing your science or otherwise), if you feel comfortable doing so. 


Hi. My name is Zachary Burns, I’m 23 years old and I am a PhD student at UCSD studying Electrical Engineering. In my research I work on developing new ways to improve cell imaging with microscopes. To do this I use new optical materials and computational methods such as deep learning. I grew up in Michigan and attended the University of Michigan for undergrad. In my free time I enjoy biking, surfing, and cheering for Michigan football.
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My lab’s website: https://www.zhaowei.us/index.html
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