Evolution at Warp Speed Lesson Plan
Tracking natural selection in SARS-CoV-2 variants using real surveillance data
	Lesson Overview

	Description
	This lesson completes a three-part evolution unit by showing students that natural selection is not a historical process — it operated in their own lifetimes, in a virus they lived through, documented in real surveillance data. By tracking how SARS-CoV-2 variants rose and fell between 2020 and 2022, students see variation, differential reproduction, and competitive displacement playing out on a graph in real time, connecting the same mechanism they observed over millions of years in horse fossils and 37 years in finch beaks to something that happened in six weeks.

	Subject Area(s)
	MathematicsScience

	Grade Band(s)
	9-10



	Learning Progression Alignment

	Strand
	Strand C — Analysis and Modeling Techniques 

	Substrand
	Substrand C.5. — Models of Data

	Concept
	Concept C.5.1 — Understanding modeling — Analyze patterns and relationships in data using graphs, tables, and models. Explore tools like decision trees and neural networks, assess assumptions, and distinguish correlation from causation in real-world contexts.
· 9-10.C.5.1a: Recognize that bivariate relationships between numerical features can be examined using both linear and non-linear associations.
· 9-10.C.5.1b: In

	NGSS
	NGSS HS-LS4-2, HS-LS4-4, HS-LS4-5 (artificial selection connection)



	Tool(s)

	Type
	Code

	Tool
	CODAP

	Programming Language
	

	Other Tech Notes
	




	Lesson Materials

	Dataset
	CODAP file: https://codap.concord.org/beta#shared=https%3A%2F%2Fcfm-shared.concord.org%2FeAtoDcUGHOjryOfmJtd6%2Ffile.json 

	Datasheet
	

	Student Document(s) & File(s)
	Evolution at Warp Speed Student Materials

	Teacher Document(s) & File(s)
	Evolution at Warp Speed Covid Teacher Lesson.docx

Coronavirus Anatomy Explained: Science, Simplified
What is a coronavirus? - Elizabeth Cox
How Coronaviruses Work
Coronaviruses (COVID-19) – NFID
Human Coronavirus Types
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	Lesson Plan

	Lesson Focus
	By the end of this lesson, students will understand that natural selection is a universal mechanism — not a process confined to ancient history or slow-moving populations — and that the same logic of variation, heritability, and differential reproduction that explains the horse fossil record and Darwin's finch beaks also explains why one strain of a virus can replace another across an entire country in six weeks. Students will be able to read real surveillance data, identify the signature of competitive displacement in a time-series graph, and construct a data-supported argument connecting what they observe to the underlying biological process. More broadly, the lesson aims to shift students from thinking about evolution as something they learn about to something they can detect, measure, and reason about using evidence — regardless of the timescale or the organism involved.

	Content Objective(s)
	Students will be able to:
· read a time-series graph of variant frequencies
·  identify directional change
· connect variant success to specific selective advantages
· construct a data-supported argument for natural selection

	Prerequisite Knowledge & Skills
	· Completion of the horse evolution and finch beak lessons in this unit — students need the concept of natural selection, variation, heritability, and differential reproduction already established, because this lesson applies those concepts rather than introducing them
· Understanding of what a line graph shows — how to read a y-axis as percentage, an x-axis as time, and what a rising or falling line means
· Basic understanding that viruses are not alive in the traditional biological sense, but that they replicate and mutate — without this, the heritability discussion in the lesson will be confusing
· Familiarity with COVID-19 as a disease caused by SARS-CoV-2 — students do not need scientific detail, but enough general awareness to engage with the context

	Lesson Details

	Lesson Hook & Warm-up

xx mins
	STUDENT FACING
Discuss the 3 facts on the board. Are these the same process? 3 different things?


	
	TEACHER FACING
Speed comparison Write three facts on the board:
· Horses evolved from small forest browsers to large grass-grazers: 55 million years
· Finch beaks shifted measurably in response to drought: 37 years
· Omicron replaced Delta as the dominant variant in the United States: 6 weeks
Ask: "Are these the same process — or three different things?" Let students debate briefly. The answer — same mechanism, different speeds — is the central idea of the whole unit, and this hook lets students arrive at it themselves before you confirm it.

	Activity 1

20 mins
	STUDENT FACING
Follow along with the video.
· Complete Q1, Q2, and Q3.

· Upload the Covid Variants Data  into CODAP and follow the directions to create a graph.


	
	TEACHER FACING
· Share one of the videos above. Each gives a basic understanding of how Corona Virus works. 
· Hand out the student worksheet.
· Give students a copy of the data and have them follow the directions and upload into CODAP.

	Activity 2

30 mins
	STUDENT FACING
· Complete Section 5, answering questions Q4-Q8c by using your graph you have completed.

· You may work in pairs to discuss.

	
	TEACHER FACING
As students have completed their graph ask the following questions to invoke conversations and understandings:

1. "Alpha replaced the original strain. Then Delta replaced Alpha. Then Omicron replaced Delta -- in just six weeks. What does this pattern tell us about natural selection?"
Answer: Each successive displacement shows a variant with a higher reproductive advantage outcompeting the previous dominant strain. The increasing speed of displacement (Alpha took months; Omicron took weeks) reflects the increasing magnitude of the selective advantage. This is directional selection -- the environment (a partially immune human population) consistently favoured variants with greater transmissibility and immune escape.

2. "Omicron had over 30 mutations in its spike protein -- far more than Alpha or Delta. Is this evidence that it evolved from Delta? Why or why not?"
Answer: No -- phylogenetic analysis shows Omicron did not descend from Delta. It evolved from an earlier lineage that was circulating in a population with limited immune surveillance (possibly an immunocompromised individual where the virus replicated for months with little selection pressure). This is an important lesson: the most successful variant at any time is not necessarily the most recently evolved -- it is the one best suited to the current environment. Multiple lineages were always evolving in parallel.

3. "The three requirements for natural selection are variation, heritability, and differential reproduction. Show me where each one appears in your graph."
Answer: Variation: multiple coloured lines coexisting at the same time point -- variants with different properties are present simultaneously. Heritability: each variant maintains its distinctive mutation profile across millions of copies -- offspring inherit parent mutations. Differential reproduction: lines rising toward 100% show variants reproducing faster than competitors; lines falling toward 0% show variants being outcompeted. The graph is literally a picture of natural selection in action.

4. "This happened to a virus in two years. The horse evolution took 55 million years. The finch beak took 37 years. Are these the same process?"
Answer: Yes -- the underlying mechanism is identical in all three cases. What differs is the generation time (how fast organisms reproduce) and the selection pressure (how strong the advantage of a particular variant is). Viruses reproduce billions of times per day, so selection can produce visible changes in weeks. Finches reproduce once per year, so selection takes decades. Horses had generation times of several years and faced weaker selection pressure, so changes took millions of years. Same process, different speeds.

	Lesson Synthesis

30 mins
	STUDENT FACING
You will be given 4 activities that you may choose from. Use what you have learned and your CODAP graph to help answer the questions.

	
	TEACHER FACING
Share the 4 activities in the teacher lesson plan. Each activity uses the same CODAP graph, designed for different levels of challenge. Students annotate, compare, predict, or argue — depending on which task fits them best.
Assign or allow students to choose one activity below. Each activity is at a different level. Each activity uses the same CODAP graph you built in Section 4.


	Closing Activity 

5 mins
	STUDENT FACING
· In pairs answer the prompt. You have 2 minutes to agree on a one line answer. 

· Be prepared to share with the class.


	
	TEACHER FACING
Students work in pairs. Each pair receives one of these three prompts on a slip of paper or displayed on the board. They have 2 minutes to agree on a one-sentence answer, then share with the class.

	PROMPT A
"It is late 2022. A new variant called XBB.1.5 is starting to appear in genomic surveillance. Based on what you know about how previous variants succeeded, what feature would you expect XBB.1.5 to have -- and what data would you want to see before deciding whether to be concerned?"



	PROMPT B
"If the entire global population became immune to all current Omicron variants tomorrow, what would natural selection now favour in any new SARS-CoV-2 variant that emerged?"



	PROMPT C
"A classmate says natural selection cannot explain COVID variants because the virus does not have a brain and cannot choose to mutate. How would you respond?"





	Student Follow Up & Practice
	Follow-up 1 — Track a current variant
Students visit covariants.org or the CDC's variant tracker and find the most recent variant frequency data for the United States. They identify which variant is currently dominant, when it first appeared above 5%, and what known selective advantages it has over its predecessors. They then write a two-sentence update to their CER argument from Section 7 — revising their claim to account for what has happened since 2022.
This works well as homework or an independent extension. It reinforces that the process they studied is not historical — it is still running — and builds the habit of reading surveillance data as a living document rather than a fixed dataset. It also gives students practice finding and interpreting real public health data independently, which is a transferable skill.
Follow-up 2 — Design a variant tracking dashboard
Students are told they have been hired by a fictional county health department. Their job is to design a one-page dashboard that a non-scientist county official could look at each week to understand the variant situation. They must decide what to show, what to leave out, and how to label it so someone without a biology background can understand what is happening and why it matters.
This can be done as a sketch on paper, a rough CODAP layout, or a simple hand-drawn design. The constraint — communicating complex data to a non-expert audience in one page — forces students to identify what is actually essential versus what is just detail. Sharing and comparing designs in a brief gallery walk at the end surfaces interesting disagreements about what matters most, which is itself a good scientific conversation.
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