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Good morning. My name is Ana Castillo, and I will be talking about Computed Tomography in High School Mathematics. 
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Introduction 

Question to Consider:

 How can these concepts be introduced in High School mathematics to motivate students exploration of 
mathematics? 

Presenter
Presentation Notes
I got inspire to do this talk by my learnings at the REU/RET at Emory University in the Summer 2021. At this program, I worked directly with two undergraduates students and James Nagy, advisor on a project called Alternating Minimization for Computed Tomography. The main focus of the research was to describe how mathematics can be used to correct images that are distorted from sensor and detector misalignments. The key idea was to develop algorithms that simultaneously corrected for the misalignment and reconstruct the image. The main purpose of this project was develop a mathematical algorithm, which would produce clearer images provided one poorly produced. If we consider the very famous Shepp logan image of the brain, what can we do to produce a more clearer image? This certainly very important to doctors. Obviously with a clearer image, doctors are allowed to make more accurate diagnoses. From the educator perspective, we want to reach diverse audiences, it is very important to provide these opportunities for our students early on. We want to expose our students to the study of mathematics, in such a way they are able to make connections to the real world.  One question to consider, how can we introduce these concepts to motivate student exploration of mathematics? In the end, we want our students to continue their interest in mathematics and study these concepts beyond high school. In this presentation, I will guide you, how I created a lesson from my learnings at the RET/REU Emory 2021. 



• Possible Matrix Forms for a System of Three Linear Equation in Three Variables
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Mathematical Concepts in High School 
Algebra

Gaussian Elimination

 Systems of Equations
 Matrix Form: 𝐴𝐴𝐴𝐴 = 𝑏𝑏
 Augmented Matrix

𝟏𝟏 𝟎𝟎 𝟎𝟎 | 𝒂𝒂
𝟎𝟎 𝟏𝟏 𝟎𝟎 | 𝒃𝒃
𝟎𝟎 𝟎𝟎 𝟏𝟏 | 𝒄𝒄

𝟏𝟏 𝟎𝟎 𝟎𝟎 | 𝒂𝒂
𝟎𝟎 𝟏𝟏 𝟎𝟎 | 𝒃𝒃
𝟎𝟎 𝟎𝟎 𝟎𝟎 | 𝟎𝟎

𝟏𝟏 𝟎𝟎 𝒂𝒂 | 𝒃𝒃
𝟎𝟎 𝟏𝟏 𝟎𝟎 | 𝒄𝒄
𝟎𝟎 𝟎𝟎 𝟎𝟎 | 𝒅𝒅

𝑎𝑎, 𝑏𝑏, 𝑐𝑐,𝑑𝑑 𝑎𝑎𝑎𝑎𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎𝑟𝑟 𝑛𝑛𝑛𝑛𝑛𝑛𝑏𝑏𝑎𝑎𝑎𝑎𝑛𝑛;𝑑𝑑 ≠ 0

Form 1: Exactly one solution Form 2: Infinitely many solutions Form 3: No solution 

Presenter
Presentation Notes
One way to do this is to create structured lessons that engage our students. As students explore concepts in high school algebra, specifically, they study solutions to a system of linear equations. As we know, a system of linear equations can be solve by Gaussian elimination. We are given a system of equations, then we can write in matrix form, and then we form an augmented matrix. We have 3 possible matrix forms for solutions. In this lesson, we will consider a system of three linear equations in three variables. We know the solutions as like in Form 1, one solution, form 2, infinitely many solutions, and form 3 no solution. Knowing this, we can move on and continue with the creation of our lesson plan. 
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Instructional Model

Lesson Objectives

 Determine the difference between infinitely number of solutions and a unique solutions as it applies to x-ray 
imaging.

 Solve a system of equations using Gaussian Elimination.

Lesson Structure: The 5E Model

Ref:https://nasaeclips.arc.nasa.gov/teachertoolbox/the5e

Presenter
Presentation Notes
When developing lessons, my advice is to begin with the lesson objectives, once we know the  concept we want to teach and make a connection to the real world. In this case, the objectives for this lesson were to find the difference between infinitely number of solutions and a unique solution as it applies to x-ray imaging and solve a system of equations using gaussian elimination. For years, I have based most of the lessons on the 5E Model to engage my students. This approach takes a more student centered approach, where students engaged in discussions and explorations. It is called 5E because it follows a cycle where, the first stage is to engage students, then students explore, then the teacher explains, then the students elaborate, and then the teacher evaluates. How can we apply this model to create this lesson?
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The 5E Model

1) Engage: Can Mathematics be used to save people’s lives?
2) Explore: My Square!
3) Explain: An Infinitely Number of Solutions!
4) Elaborate: One Unique Solution!
5) Evaluate: Determine the difference between both solutions as it applies to x-ray imaging.

Lesson Ideas

Presenter
Presentation Notes
Here are some ideas to implement this teaching model to this lesson. We can begin engaging our students by asking them if mathematics can be used to save people’s lives? Students begin experimenting this idea of finding solutions to a system of linear equations by playing a game called My Square. Then, the teacher engages with the students and explains to them how to find an infinite number of solutions to a system of equations. Students move on to try what they have learned and apply it to find one solution, and then, the teacher evaluates the students to determine the difference between both solutions. How is this done in complete detail?



Students read an article about x-ray imaging.
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The 5E-Model Engage

Presenter
Presentation Notes
In more detail, here this is how it goes, students read an article about x-ray imaging, where they learn about computed tomography and how this is used to make diagnoses of several diseases. Students read on their own, and then share with a group their learnings.



Students explore what numbers go in the squares
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The 5E Model- Explore

Presenter
Presentation Notes
To begin the exploration of finding the solution to a system of linear equations, students will play a game call My Square. Students must place outside the boxes digits 0-9. Then, the students must find what numbers to put inside the boxes to get the sum of the row or column that will equal the number outside the box. They get to think if there might be multiple answers. 



Teacher models the Gaussian Elimination method to students. 
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The 5E-Model Explain

Presenter
Presentation Notes
Here the teacher begins to explain the students. In this case, the teacher begin to make connections to x-ray imaging and what happens when a CT scan is performed. We think of this square as our body, where the arrows mean x-rays. As they pass through the tissue, an equation is formed and we attain more data, more data, better images. Instead of placing numbers, now we call these numbers a variable, and out each one of those rows, now we get an equation. The teacher shows the students how to set up a system of equations, then, an augmented matrix, and how to find the solution using Gaussian elimination. 



Teacher models how to check their solution using MATLAB programming language. 
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The 5E-Model Explain

Presenter
Presentation Notes
The teacher also shows the students how to check their solution using MATLAB, sets up a matrix in matlab, create an augmented matrix, and row reduced echelon form of the matrix. 



Teacher provides definition of a well-posed problem. 
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The 5E-Model Explain

Presenter
Presentation Notes
The teacher also introduces the definition of a well-posed problem as it relates to the problem will be working on their own. 



Students practice independently from the teacher to find a unique solution.
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The 5E-Model Elaborate

Presenter
Presentation Notes
The students get a chance to practice on their own. The teachers asks them to compare the first example with this one and how it compares to the first one. The students try this example on their own. 



Students check their solution independently using MATLAB programming language. 

Ana T. Castillo 
Computed Tomography (CT) in High School Mathematics

The 5E-Model Elaborate

Presenter
Presentation Notes
The students check their solution with MATLAB and shows them how to find the solution by using x=A\b form. 



Teacher assess student knowledge. 
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The 5E-Model Elaborate

Presenter
Presentation Notes
Teacher checks for understanding.
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The 5E Model- Making Learning Meaningful 

I learned

1) What is the difference between having one solution and an infinite number of solutions. 
2) How to check my solution with MATLAB. 
3) Why imaging problems tend to be ill-posed.

Presenter
Presentation Notes
The neat thing about this model is its ability to go back and make connections to what was learned. The students had a chance to learn about how to find the solution to a system of equations, check the solution with MATLAB, and why imaging problems tend to be ill-posed. 



 The ”CT” Scanner.

"Flash CT Scanner" by Scott & White Healthcare is marked with CC BY-NC-ND 2.0.
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→ when teaching this to students, we need to explore this in more detail.

Q: How do CT scanners work?

Computed Tomography (CT) and X-Ray Imaging

Presenter
Presentation Notes
One of the most interesting aspects of this lesson is the connection made to the real world, where students get to experience how mathematics is applied, in this case, how it relates to computed tomography and x-ray imaging. When teaching this to students, we really need to spend some time showing students how a CT scanner works and how images are produced. Something interesting about CT scanners is how they have gained popularity medical industry to be produce high quality images to detect cancers, and used recently to manage COVID-19. However, if the data produce by the sources and detectors in these devices is not perfect, then poorly images are constructed. Another aspect when introducing this to students is to show them how images are stored. 

https://www.flickr.com/photos/35273611@N07/6211111731
https://www.flickr.com/photos/35273611@N07
https://creativecommons.org/licenses/by-nd-nc/2.0/jp/?ref=openverse


Images 
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Presenter
Presentation Notes
I usually like to make connections to the students’ lives when teaching. This is great way to promote equity in diversity in our classes. To show how images are stored in a computer using matrices, I took a picture of myself to show to the students and how images can be divided into RGB color images, grayscale images, and binary. This is the image of me and this dog, George I took in Highlands, North Carolina. So we want to zoom in further to you look closely at how images begin getting distorted and you would see some small square boxes on the image or pixels. A pixel is a piece of a picture, and the term comes from picture element. Overall, an image is an array of rows, or a matrix of square pixel values, arranged in columns and rows. This is the way images are stored in the computer.  In a color image, each pixel has typically 3-4 components, such as Red, Green, Blue, Cyan, Magenta, Yellow, and Black. In grayscale images, pixels can take integer values between 0 and L-1. Binary images, pixels are represented by 0s and 1s. I began with a color image, turned it into a greyscale image, and then a binary. I zoomed into the binary image to show students how a picture can be decomposed to a matrix of 1s and 0s. I did this in MATLAB by using these commands. 






 Continue reading to expand my knowledge of image processing. 
 Continue reading to expand my knowledge of mathematical 

algorithms that allow for better quality images.
 Continue using MATLAB and create some of my own code to explain 

these examples to students. 
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Future Directions

Presenter
Presentation Notes
A goal I have in the future, since I will be staring my PhD in curriculum and instruction in the Fall is to continue writing curriculum that engages younger generations of students and that can be used by high school math teachers. I want to take an undergraduate college image processing book and modify the content to the middle and high school level, in which students gain experience to programming exercises as they relate to mathematics and science.   



• Avineri, Tamar, Berkely Emily, Miller, Ashley (2020). X-Ray Imaging, 
Mathematics, and Puzzles. Retrieved July 21, 2021, from 
https://asaibab.math.ncsu.edu/Module3XrayImaging.pdf

• How Math Can Save Your Life: Tomography. (n.d.). Retrieved July 23, 2020, 
from https://www.whydomath.org/node/tomography/index.html

• Kakuro Mania. Retrieved July 21, 2020, from http://www.kakuro-
mania.com/generator/.

• Nagy, James. Mathematics and Imaging Emory Math Circle. Retrieved June 
25, 2021.

• Systems of Linear Equations; Matrices. Chapter 4.Retrieved April 2, 2022. 
https://www.pearsonhighered.com/assets/samplechapter/0/3/2/1/032194
7622.pdf. 
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