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Title 
 
Mathematics Illuminated: A Special Collection from Annenberg Learner 
 

Target Audience 
 
This course is intended for pre-service and in-service teachers of grades 9-12. 
 

Prerequisites 
 
To successfully participate and complete the assignments in this course, the learner must: 

• Have past experience using the classroom computer. 
• Have past experience working with the Internet. 
• Be familiar with taking an online course or have completed the PBS “Practice Learning Online 

with PBS TeacherLine” course. 
• Be familiar with the high school mathematics curriculum. 

 
Course Description 

 
This inquiry-based course will enable learners to research and explore the concepts from the 
Mathematics Illuminated course from Annenberg Learner. They will use the applicable concepts and 
resources from the course that meet their curriculum and student-learning needs. During the course, 
learners will: 
 

• Explore how using the mathematics process standards makes math instruction meaningful and 
engaging to students. 

• Determine the usefulness of connecting mathematics to phenomena outside the classroom while 
incorporating technology. 

• Determine an instructional change to their teaching based on the mathematics process 
standards. 

• Design a unit that engages students in real-world mathematics topics based on the mathematics 
process standards. 

 
 

Instructor/Facilitator 
 
See instructor/facilitator sheet. 
 

Credits 
 
To be determined by college or university. 
 

Goals 
 
The overall goal of this course is to understand the importance of inquiry-based learning in the 
mathematics classroom and how it may be applied while engaging in the mathematics process standards, 
emphasizing the use of technology and real-world applications. 

By the end of the course, learners will be able to apply the following in their professional practice: 

• Recognize the fundamental role of mathematics in all intellectual and artistic pursuits. 
• Appreciate that mathematics can help us illuminate, define, and predict the world around us. 
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• Develop a better understanding of the nature of mathematics. 
• Implement an instructional change to their teaching and develop a teaching unit based on inquiry-

based learning and the mathematics process standards. 
 
 
Outline of Content and Assignments 

 
After previewing the documents in the Course Information area, learners will proceed to Course Content 
to complete the following six sessions in order. Throughout the sessions, learners are asked to articulate 
their ideas in various forms and encouraged to reflect on their thoughts and experiences. The discussion 
forums are designed to allow learners to glean information from other learners’ experiences. For the 
course project, learners will create an instructional unit that they can implement in the classroom and use 
to engage students in learning about mathematics. 
 
This course specifically addresses the following standards: 
 

• ISTE NETS*T 1 (a, b, c, d); 2 (a, b); & 5 (a, c) 
 

• NCTM Process Standards  
 

• Common Core State Standards: Mathematics (Grades 9-12) 
 
Session 1: Connections in Mathematics 
During Session 1, learners will explore the principles of inquiry-based learning in mathematics based on 
the Math Standards and Expectations. Learners will learn about the 21st century skills for math that 
provide a framework for integrating technology into the mathematics classroom, focusing on real-world 
applications. This session sets the stage for the remaining work in the course. Learners will implement 
the principles discussed in this session and determine their approach to exploring the many resources 
and materials in this course based on their curriculum and students’ learning needs. 
 
During this session, learners will: 

•  Define professional goals and expectations for this course. 
•  Explain prior knowledge and experiences teaching mathematics. 
•  Discuss mathematics process standards and how to best utilize them to meet the specific 

learning needs of students. 
•  Reflect on the usefulness of connecting mathematics to phenomena outside the classroom while 

incorporating technology. 
•  Determine and rationalize an instructional change to teaching based on best practices. (Course 

Project) 
 

Read: 
• "Math Standards and Expectations"  
• "21st Century Skills Map" 

 
Participate in Online Discussions: 

• Introduce themselves to other learners. 
• Discuss which of the process standards will be emphasized more in the classroom and one 

instructional change that will be made using one or more of the process standards. 
 

Watch Video 
• "Calculator Based Labs: Connections” 
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Complete Journal Reflections: 
• Reflect on expectations for the course. 
• Reflect on prior knowledge and experiences related to teaching mathematics.  
• Reflect on how to connect a topic from the mathematics curriculum to phenomena outside the 

classroom and to technology. 
 

Complete Activities and Assignments: 
• Review course expectations, schedule, and format, and the course project requirements.  

 
 
Session 2: The Primes 
 
In this session, learners will explore parts of Unit 1 “The Primes” together, keeping in mind the course 
project and their own curriculum and students’ needs. This unit will familiarize learners with the structure, 
style, and elements of the Annenberg Learner units to facilitate the independent exploration of the 
remaining units during Sessions 3-5. The content and structure introduced in this session will assist 
learners with the content and structure in the other units they choose to explore and incorporate into their 
Course Project. 

During this session learners will learn about the properties and patterns of prime numbers—whole 
numbers that are divisible only by themselves and one. Learners will explore how prime numbers have 
been a source of wonder across cultures for thousands of years, and that the study of prime numbers has 
been fundamental to mathematics. Learners will explore various aspects of primes, including the million-
dollar puzzle of the Riemann Hypothesis, a possible description of the pattern behind the primes, and the 
use of the primes as the foundation of modern cryptography. By engaging in the interactive “Figurative 
Numbers” learners will see how playing with numbers in figurate form can lead to mathematical 
discoveries. 

During this session, learners will: 
• Reflect on how numbers are interesting objects of study in their own right as well as being useful 

tools for calculation. 
• Discuss how technology, real-world applications, and the resources in this session can help high 

school students understand how primes are fundamental to mathematical thought. 
• Determine which of the five mathematics process standards could be used most effectively while 

teaching about prime number theory. 
• Determine and rationalize an instructional change to teaching based on best practices (Course 

Project). 
 
Read: 

• “Number for Number’s Sake: The Greeks” 
• “Primes” 
• “Questions about Primes” 
• “Encryption“ 
• "RSA Encryption" 

 
Watch Videos: 

• “The Primes” 
 

Engage in Interactive: 
•   “Figurate Numbers” 
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Participate in Online Discussions: 
• Discuss how using technology and real-world applications can help high school students 

understand topics such as primes and which of the mathematics process standards would be 
most effective in doing so. 

 
Complete Journal Reflections: 

• Reflect on how interactives can be useful tools of instruction and how numbers can be 
interesting objects of study in their own right. 
 

Complete Activities and Assignments: 
• Complete Course Project: Part 1 

 
 
Sessions 3-5 
In Sessions 3-5 of the course, learners will independently explore 12 units (Units 2 -13 described below) 
comprised of multimedia materials designed to help them discover a unique look into mathematics, and: 
 

• Chose and implement in their classroom an interactive from Units 2-13 and reflect on the process 
in Session 6. 

• Develop a dynamic conceptual framework for the study of mathematics.  
• Recognize the fundamental role of mathematics in all intellectual and artistic pursuits. 
• Appreciate that mathematics can help us illuminate, define, and predict the world around us. 
• Design a unit of instruction that engages students in mathematics topics while using real-world 

applications and technology. (Course Project) 
 
Learners will follow their own research path to explore video, interactives, the Web, and text materials, 
which provide a comprehensive and interactive learning experience. Learners will use the course 
materials to develop their course project: An inquiry-based instructional unit based on a mathematics 
process standard(s), incorporating real-world applications, and utilizing technology. 
 
Each unit consists of a/an: 
 

• Unit overview 
• 30-minute video with video transcript, composed of three major components: the historical 

context of the mathematical concepts, interviews with leading experts, and a field trip to view real-
world applications 

• Online text chapters  
• Nine interactive labs (available for Units 1-2, 4-7, 9, 11-12) 
• Glossary of mathematics terms 
• Facilitator and participant guides for concept application, problem-based learning activities, and 

opportunities for analyzing data with an inquiry-based model. 
 

Each week, learners will come together as an online community in the discussion forum to share their 
course project drafts, review each other’s instructional plans, discuss different pedagogical approaches, 
and offer “not to be missed” resources from the units.  
 
Learners will also be required to submit weekly journal reflections and assignments, as follows, indicating 
their thinking and work toward completing their course project and the resources they have explored each 
week. 
 

• Session 2: Learners will submit Part 1: Making a Change 
• Session 3: Learners will submit Part 2: Research & Exploration 
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• Session 4: Learners will complete Part 3: Theory to Practice 
• Session 5: Learners will complete Part 4: Share & Collaborate 
• Session 6: Learners will complete Part 5: Finalize and Submit 

 
Unit Titles and Descriptions: 
 

Unit 1. The Primes 
The properties and patterns of prime numbers—whole numbers that are divisible only by 
themselves and one—have been a source of wonder across cultures for thousands of years, and 
the study of prime numbers is fundamental to mathematics. This unit explores our fascination with 
primes, culminating in the million-dollar puzzle of the Riemann Hypothesis, a possible description 
of the pattern behind the primes, and the use of the primes as the foundation of modern 
cryptography. Guests interviewed include Terence Tao, UCLA, and Ray Perlner, National 
Institute of Standards and Technology. 
 
Unit 2. Combinatorics Counts 
Counting is an act of organization, a listing of a collection of things in an orderly fashion. 
Sometimes it's easy; for instance, when counting people in a room. However, listing all the 
possible seating arrangements of those people around a circular table is more challenging. This 
unit looks at combinatorics, the mathematics of counting, or arranging, complicated 
configurations. In an age in which the organization of bits and bytes of data is of paramount 
importance—as with the human genome—combinatorics is essential. Guests interviewed include 
Jenny Quinn from the University of Washington, Tacoma, and Terry Gaasterland from the Scripps 
Genome Center, University of California, San Diego. 
 
Unit 3. How Big Is Infinity? 
Throughout the ages, the notion of infinity has been a source of mystery and paradox, a 
philosophical question to ponder. As a mathematical concept, infinity is at the heart of calculus, 
the notion of irrational numbers, and even measurement. This unit explores how mathematics 
attempts to understand infinity, including the creative and intriguing work of Georg Cantor, who 
initiated the study of infinity as a number, and the role of infinity in standardized measurement. 
Guests interviewed include James Tanton, St. Mark's Institute of Mathematics, and Ivars 
Peterson, Mathematical Association of America. 
  
Unit 4. Topology's Twists and Turns 
Topology, known as "rubber sheet math," is a field of mathematics that concerns those properties 
of an object that remain the same even when the object is stretched and squashed. In this unit we 
investigate topology's seminal relationship to network theory, the study of connectedness, and its 
critical function in understanding the shape of the universe in which we live. Guests interviewed 
include Greg Leibon, Dartmouth College, and Jeffrey Weeks, author of The Shape of Space: How 
To Visualize Surfaces and Three-Dimensional Manifolds.  
 
Unit 5. Other Dimensions 
The conventional notion of dimension consists of three degrees of freedom: length, width, and 
height, each of which is a quantity that can be measured independently of the others. Many 
mathematical objects, however, require more—potentially many more—than just three numbers 
to describe them. This unit explores different aspects of the concept of dimension, what it means 
to have higher dimensions, and how fractional or "fractal" dimensions may be better for 
measuring real-world objects such as ferns, mountains, and coastlines. Guests interviewed 
include Greg Leibon, Dartmouth College, and Karl Richter of LAIKA/house. 
 
Unit 6. The Beauty of Symmetry 
In mathematics, symmetry has more than just a visual or geometric quality. Mathematicians 
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comprehend symmetries as motions—motions whose interactions and overall structure give rise 
to an important mathematical concept called a "group." This unit explores Group Theory, the 
mathematical quantification of symmetry, which is key to understanding how to remove structure 
from (i.e., shuffle) a deck of cards or to fathom structure in a crystal. Guests interviewed include 
Rosa Orellana, Dartmouth College, and Mary McGrath, Structural Chemist at Gilead Sciences, 
Inc.  
 
Unit 7. Making Sense of Randomness 
Probability is the mathematical study of randomness, or events in which the outcome is uncertain. 
This unit examines probability, tracing its evolution from a way to improve chances at the gaming 
table to modern applications of understanding traffic flow and financial markets. Guests 
interviewed include Raissa D'Sousa, University of California, Davis, and Anthony Baerlocker, 
International Game Technology. 
 
Unit 8. Geometries Beyond Euclid 
Our first exposure to geometry is usually the system proposed by Euclid, in which all triangles 
have 180 degrees. As it turns out, in curved space the sum of a triangle's angles can be more or 
less than 180 degrees. This unit explores these curved spaces, which are at once otherworldly 
and yet firmly of this world—and may hold the key to understanding the human brain. Guests 
interviewed include Daina Taimina, Cornell University, and Martin Styner and Brad Davis of the 
Computer Science, and Psychiatry Departments, University of North Carolina, Chapel Hill. 
 
Unit 9. Game Theory 
Competition and cooperation can be studied mathematically—an idea that first arose in the 
analysis of games like chess and checkers, but soon showed its relevance to economics and 
geopolitical strategy. This unit shows how conflict and strategies can be thought about 
mathematically, and how doing so can reveal important insights into human and animal 
behaviors. Guests interviewed include David Krakauer, Santa Fe Institute, New Mexico, and 
Craig Packer, Dept. of Ecology, Evolution, and Behavior, University of Minnesota.  
 
Unit 10. Harmonious Math 
All sound is the product of airwaves crashing against our eardrums. The mathematical technique 
for understanding this and other wave phenomena is called Fourier analysis, which involves the 
disentangling of a complex wave into basic waves called sinusoids, or sine waves. In this unit we 
discover how Fourier analysis is used in creating electronic music and how it actually underpins 
all digital technology. Guests interviewed include Elizabeth Stanhope, Mathematical Sciences, 
Lewis and Clark College, and David McCraaken, Jason Daniello, Aaron Grooms, and Cyril Lance 
of Moog Music, Inc. 
 
Unit 11. Connecting with Networks 
Connections can be physical, as with bridges, or immaterial, as with friendships. Both types of 
connections can be understood using the same mathematical framework called network theory, 
or graph theory, which is a way to abstract and quantify the notion of connectivity. This unit looks 
at how this branch of mathematics provides insights into extremely complicated networks such as 
ecosystems. Guests interviewed include Raissa D'Souza, University of California, Davis, and Neo 
Martinez, Rocky Mountain Biological Laboratory.  
 
Unit 12. In Sync 
Systems of synchronization occur throughout the animate and inanimate world. The regular 
beating of the human heart, the swaying and near collapse of the Millennium Bridge, and the 
simultaneous flashing of gangs of fireflies in Southeast Asia—these varied phenomena all share 
the property of spontaneous synchronization. This unit shows how synchronization can be 
analyzed, studied, and modeled via the mathematics of differential equations, an outgrowth of 
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calculus, and the application of these ideas toward understanding the workings of the heart. 
Guests interviewed include Steve Strogatz, Cornell University, and Glenn Fishman and Charles 
Peskin of the New York University Medical Center. 
 
Unit 13. The Concepts of Chaos 
The flapping of a butterfly's wings over Bermuda causes a rainstorm in Texas. Two sticks start 
side by side on the surface of a brook, only to follow divergent paths downstream. Both are 
examples of the phenomenon of chaos, characterized by a widely sensitive dependence of the 
future on slight changes in a system's initial conditions. This unit explores the mathematics of 
chaos, which involves the discovery of structure in what initially appears to be randomness, and 
which imposes limits on predictability. Guests interviewed include Steve Strogatz, Cornell 
University, and Martin Lo, Jet Propulsion Laboratory, California Institute of Technology.  

 
 
Session 6: Moving Forward to Engage Students 
 
In this final session, learners will complete and submit their Course Projects. Learners will read an article 
on what happens in most classes with regards to mathematics instruction, and what could happen if high-
quality teaching was implemented. Learners will also think about how to continue the exploration of 
inquiry with their students and read about Howard Gardner's latest theories on nurturing the development 
of certain mindsets for the 21st century. Learners will reflect on the implementation of a course interactive 
with their students and finish their work by reflecting on their acquired knowledge and ongoing 
professional development goals, while also saying goodbye to their fellow online learners. 
 
Learners will: 

• Determine an instructional change to their teaching based on the mathematics process standards 
and design a unit that engages students in real-world mathematics topics based on the 
mathematics process standards. (Course Project)  

• Reflect on how to improve past practices by incorporating an interactive into their mathematics 
instruction. 

• Discuss the types of mindsets that instruction based on the mathematics process standards, and 
the integration of technology and real-world applications best helps to develop in the classroom. 

• Assess their learning in this course by comparing their prior knowledge and acquired knowledge. 
• Analyze the learning experience in this course by reflecting on their professional goals and 

expectations. 
 
Read: 

•  “Before It's Too Late: A Report to the Nation from the National Commission on Mathematics 
and Science Teaching for the 21st Century” 

•  Five Minds for the Future book review  
•  “5 Minds for the Future: Cultivating Thinking Skills” 

 
 
Complete Journal Reflections: 

• Reflect on the implementation of an interactive in the mathematics classroom 
• Reflect on acquired knowledge. 
• Reflect on professional goals and expectations. 

 
Participate in Online Discussions: 

• Discuss which of the mindsets that instruction based on the mathematics process standards, 
the integration of technology, and use of real-world applications best helps to develop in the 
classroom. 
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Complete Activities and Assignments: 

• Submit final version of the Course Project: Mathematics Illuminated Instruction 
• Post-Course Evaluation Survey  

 
 

Schedule 
 

This course is scheduled to take approximately 45 hours to complete. Each session spans one week. The 
number of hours identified for each session reflects time spent online, but does not reflect the total time 
spent completing offline coursework and assignments. All learners are different and some may spend 
double the indicated number of hours completing all coursework depending on learning styles and work 
habits. 

 
 
Requirements 

 
Learners are expected to: 

• Complete all assignments. 
• Participate and actively engage in discussions with fellow learners while contributing to the 

construction of knowledge. 
• Be self-directed and self-motivated.  
• Ask for assistance when they need it. 

 
 

Materials (hardware, software, plug-ins) 
 
Technical Requirements 

• Word processor 
• Internet service provider 
• E-mail 

 
 

Academic Dishonesty Policy 
 
To be inserted by university institution only. 
 
 

Evaluation 
 
This course is evaluated on a letter grade basis, and may be available for graduate credit. See graduate 
credit details pertaining to specific graduate credit institutions. 
 
 


