Read the Data, Draw the Tree
Using PanTHERIA mammal data to analyze cladograms.
	Lesson Overview

	Description
	The purpose of this lesson is to teach students that building an evolutionary family tree requires distinguishing between traits inherited from a common ancestor and traits that evolved independently in response to similar environments, a distinction that cannot be made from observable data alone.

	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
Substrand C.2. — Identifying Patterns and Relationships in Data

	Concept
	Concept C.5.2 — Creating models — Develop an understanding of patterns and relationships. Use data and technology to build and refine models. Advance these skills by constructing complex models that incorporate multiple variables, assess assumptions, and improve predictions.
· 9-10.C.5.2a: Construct and analyze models to represent linear and non-linear relationships in data.
· 9-10.C.5.2b: Use technology to create, test, and refine models.
· 9-10.C.5.2c: Evaluate and improve models by comparing predictions to observed data.
Concept C.2.3 — Defining relationships — Organize, visualize, and analyze data to identify patterns, trends, and associations. Use statistical measures and graphs to interpret relationships and make predictions.
· 9-10.C.2.3a: Describe associations between two categorical variables using measures such as difference in proportions and relative risk.
· 9-10.C.2.3b: Analyze data to uncover correlations, trends, and groupings such as clustering that inform decision-making processes across diverse fields.

	NGSS
	NGSS HS-LS4-1HS-LS4-2CCSS Math MP.4, MP.6



	Tool(s)

	Type
	No-Code

	Tool
	CODAP




	Lesson Materials

	Dataset
	CODAP file: https://codap.concord.org/beta#shared=https%3A%2F%2Fcfm-shared.concord.org%2Fe6fNR6mHkfO7VJDNg7TM%2Ffile.json 

	Datasheet
	

	Student Document(s) & File(s)
	Cladogram and Evolutionary Tree Student Materials

	Teacher Document(s) & File(s)
	Intro to Cladograms and Phylogenetic Trees
Cladistics Part 1: Constructing Cladograms
Cladograms
Convergent Evolution vs Divergent Evolution | Shared Traits Explained
10 Of The Most Interesting Examples Of Convergent Evolution
Convergent evolution - Wikipedia
PanTHERIA
CODAP
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	Lesson Plan

	Lesson Focus
	This lesson asks students to do what biologists did before DNA sequencing existed - build an evolutionary family tree using only observable biological traits. Working with real data from 15 mammal species, students choose which traits to use as evidence, construct a similarity matrix, and analyze a cladogram. Students then discover where their trait-based groupings match the actual phylogeny. The central insight is that traits can be shared because of common ancestry or because of convergent evolution, and that telling the difference requires more than just measuring what organisms look like.

	Content Objective(s)
	Students will be able to select informative traits, build a simple similarity matrix, read a cladogram, compare it to actual phylogeny, and explain where and why traits mislead classification

	Prerequisite Knowledge & Skills
	· A basic understanding of evolution
· Familiar with classification
· Familiar with common ancestry
· Understand traits
· Read a data table
· Using CODAP

	Lesson Details

	Lesson Hook & Warm-up

10 mins
	STUDENT FACING

· You and a partner have been given 15 small cards. Arrange the cards into groups according to how you think they may be related. You have 90 seconds to do this. 

· You will then glue down your choices and put them aside.

· We will revisit your cards at the end of this lesson.

	
	TEACHER FACING

The 90 Second Sort 
· Give pairs of students a set of 15 small cards, each with one animal name from the dataset. 
· Give them exactly 90 seconds to arrange the cards into groups of animals they think are closely related. 
· When time is up, ask two or three pairs to share their groupings and their reasoning. 
· Do not correct anyone. 
· Give them 30 seconds to glue their cards onto another  sheet of paper. 
· Tell them they will be doing this same task again at the end of the lesson.  

(See Teacher Guide for cards)

	Activity 1

25 mins
	STUDENT FACING

· Insert PanTHERIA Dataset into CODAP and follow the directions in your student worksheet to create a graph. 

· Then answer the questions 3 and 4 based on your graph.

	
	TEACHER FACING

· Students import the dataset and explore using scatter plots and graphs, looking for patterns before formal analysis. 
· Students then choose 4 traits from a teacher-approved shortlist (annotated with notes on what each trait tends to reflect), fill in a species reference card, then calculate similarity scores for all 15x15 species pairs.

	Activity 2

 20mins
	STUDENT FACING

· Take a look at the given cladogram. 

· Answer the questions 1-11 about the cladogram.

	
	TEACHER FACING

· Students analyze a given clodogram with 5 species and 4 traits 
· Answer questions explaining each branching decision

	Lesson Synthesis

xx mins
	STUDENT FACING

· Now that you have analyzed the cladogram, think about the question: A new mammal species is discovered. It is an omnivore, diurnal, and lives in a forest, but has a gestation period of 300 days. Where would it branch on the cladogram, and what does that tell you about its evolutionary relationship to the other five species?

· Write a CER based on that question.

	
	TEACHER FACING

· Students write a CER argument explaining why a new mammal species that is an omnivore, diurnal, and lives in a forest, but has a gestation period of 300 days would fit in the cladogram, and what does that tell students about its evolutionary relationship to the other five species?

	Closing Activity 

8 mins
	STUDENT FACING

· Take out your 90 Second Sort cards from the beginning of class. 

· Look over your choices. 

· Answer the prompts.

	
	TEACHER FACING
· Students revisit their 90-second instinct-based card groupings and compare them against their completed cladogram and the real phylogeny from Section 6. Structured 5-minute class discussion.
· Use the following questions:
· Prompt 1 (1 min):  "Look at how you grouped the cards 90 seconds into the lesson. Which grouping are you most surprised turned out to be incorrect -- and why did it seem right at the time?"
· Prompt 2 (1 min):  "Which grouping from your card sort did the data actually confirm? What trait gave you the right signal -- and why do you think that trait reflects ancestry rather than environment?"
· Prompt 3 (1 min):  "Before this lesson, what was your mental model for how you decide whether two animals are related? How has that changed?"
· Prompt 4 (1 min):  "If you had to sort the cards again right now using only one trait from the dataset, which single trait would you choose -- and why?"
· Prompt 5 (1 min):  "This lesson used only four traits from a database of 55. Real phylogenetic studies use thousands of genetic markers. What does that tell you about how much confidence we should have in any single cladogram?"

	Student Follow Up & Practice
	Option 1 -  Use the dataset provided in the lesson and build your own cladogram. Then write one paragraph explaining whether their cladogram matched the actual phylogeny and why or why not. 

Option 2 - Build your own dataset and choose five animals not in the PanTHERIA classroom CSV, look up their trait values on the PanTHERIA database directly at esapubs.org/archive, and build a mini similarity matrix and cladogram for their chosen species. They then write one paragraph explaining whether their cladogram matched the actual phylogeny and why or why not. This builds data literacy and independence, students go from using a curated dataset to finding and using real scientific data themselves.
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