Stand Up and Stay Balanced
Using real physiological data to investigate how body systems work together to maintain homeostasis
	Lesson Overview

	Description
	The purpose of this lesson is for students to analyse real physiological data from ten participants who stood up during a laboratory study, causing an immediate cardiovascular challenge. Students will do this by tracking heart rate, blood pressure, respiratory rate, and cerebral blood flow across three conditions; resting, standing, and recovering. Students discover how the cardiovascular, respiratory, and cerebrovascular systems coordinate to maintain stable blood flow throughout the brain. Every measurement change they find connects to a specific anatomical structure, directly answering the two guiding questions: how structures relate to function, and how body systems work together to maintain homeostasis.

	Subject Area(s)
	MathematicsScience

	Grade Band(s)
	9-10



	Learning Progression Alignment

	Strand
	Strand C — Analysis and Modeling Techniques 

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

	Concept
	Concept C.2.1 — Comparing variables — Identify similarities and differences between variables and explore potential associations. Use distributions, numerical summaries, and simulations to compare groups based on numerical or categorical data.
· 9-10.C.2.1a: Use numerical measures such as average, standard deviation and quartiles to compare two groups.
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-LS1-2 (cell structure and function)HS-LS1-3 (feedback mechanisms maintaining homeostasis)AP Biology 2.C.1, 2.D.1



	Tool(s)

	Type
	No-Code

	Tool
	CODAP - https://codap.concord.org/beta#shared=https%3A%2F%2Fcfm-shared.concord.org%2FtBqDx4aigQlFMJ19mULQ%2Ffile.json 




	Lesson Materials

	Dataset
	CODAP File - https://codap.concord.org/beta#shared=https%3A%2F%2Fcfm-shared.concord.org%2FtBqDx4aigQlFMJ19mULQ%2Ffile.json 

	Datasheet
	Homeostasis Datasheet

	Student Document(s) & File(s)
	Stand Up and Stay Balanced Student Sheet

	Teacher Document(s) & File(s)
	Stand Up and Stay Balanced Teacher Sheet

How Do Body Systems Maintain Homeostasis? | All About Anatomy Answers News

How Does Your Body Maintain its Balance?

Homeostasis: How Your Body Stays in Balance with its Environment

Learn: Homeostasis and feedback loops (article) | Khan Academy

Homeostasis - Why do we need to maintain a constant internal environment? - GCSE Combined Science Revision - OCR 21st Century - BBC Bitesize

How Homeostasis Maintains Your Body's Equilibrium


[bookmark: _heading=h.ucdbpcle359h]
	Lesson Plan

	Lesson Focus
	This lesson uses a dataset derived from Mukli et al. (2021), published in Frontiers in Physiology, in which ten healthy young adults had their cardiovascular, respiratory, and cerebrovascular measurements recorded while resting, standing up, and recovering. The simple act of standing up forces multiple body systems to respond simultaneously to maintain stable blood flow to the brain. Students analyse what happens to heart rate, blood pressure, respiratory rate, and cerebral blood flow across the three conditions and build an argument about how structural features of each system enable the homeostatic response.

	Content Objective(s)
	Students will be able to identify:
· Changes in cardiovascular, respiratory, and cerebrovascular measurements across three conditions
· Connect each measurement to a structural feature of the relevant body system
· Construct a data-supported argument explaining the homeostatic response to standing

	Prerequisite Knowledge & Skills
	· Basic understanding of the cardiovascular system -  students should know the heart is a pump, that blood travels through arteries and veins, and that blood pressure and heart rate are measurable. 
· Basic understanding of the respiratory system -  students should know the lungs exchange oxygen and carbon dioxide, and that breathing rate can change with activity. 
· Understanding that the brain requires a continuous blood supply - students should know that oxygen deprivation affects brain function, even if they cannot explain the mechanism.
· Familiarity with the idea that the body responds to change -  students should have some prior exposure to the concept that the body detects and responds to internal changes.
· Ability to read a bar chart and calculate a simple mean.
· Basic understanding of a variable.

	Lesson Details

	Lesson Hook & Warm-up

10 mins
	STUDENT FACING

· You will start with measuring your partner’s resting pulse for 15 seconds.
· Multiply this number by 4.
· Record this number on the sheet provided.
· Stand up quickly and measure again after 10 seconds.
· Record this number.
· Calculate the difference.
· Discuss: "If heart rate goes up, does that mean the cardiovascular system is working harder, or smarter? 
· What is the difference?

· Answer questions Q1 and Q2.


	
	TEACHER FACING

· Give each student a partner. 
· Students measure each other's resting pulse for 15 seconds and multiply by four. They record it. Then they stand up quickly and measure again after 10 seconds. They record the second number and calculate the difference. 
· Ask three or four students to share their numbers.
·  Write the range on the board. 
· Tell them this is exactly what the scientists in today's dataset measured, and ask: "If heart rate goes up, does that mean the cardiovascular system is working harder, or smarter? 
· What is the difference?" 
· The personal data creates investment before CODAP opens.
· Answer questions: Q1 and Q2.

	Activity 1

15 mins
	STUDENT FACING

· Follow sections 3 and 4 in your student worksheet. 
· Create your 4 graphs in CODAP.

	
	TEACHER FACING

· Give students the datasheet (see above) for students to create their graph.
· Give students time to follow the directions and create their graphs.


	Activity 2

20mins
	STUDENT FACING

· Answer the questions that go along with the graphs you have made in Section 5. 

	
	TEACHER FACING

· Give students time to answer the questions in Section 5.  
· They may work together or individually.


	Lesson Synthesis

20 mins
	STUDENT FACING

· Now that you have all the information, write a CER that answers the question: “Using evidence from the dataset, explain how the structures within the cardiovascular, respiratory, and cerebrovascular systems work together to maintain homeostasis when a person stands up. How does each system's structure enable its function in this response?”

	
	TEACHER FACING

· Give students time to work on their CER.


	Closing Activity 

10 mins
	STUDENT FACING

· Draw a simple diagram showing the 3 body systems, cardiovascular, respiratory, cerebrovascular.
· Draw labelled arrows between them showing communication and coordination during the standing response.
· Each arrow must be labelled with 
· Signal being sent
· Structural feature sending it
· Structural feature receiving it


	
	TEACHER FACING

· Students draw a simple diagram showing the three body systems in the dataset (cardiovascular, respiratory, cerebrovascular).
· Draw labelled arrows between them showing how they communicate and coordinate during the standing response. 
· Each arrow must be labelled with: the signal being sent, the structural feature sending it, and the structural feature receiving it.

	Student Follow Up & Practice
	The dizziness diagnosis Give students three brief patient descriptions and ask them to identify which body system is failing in each case:
· Patient A stands up and faints immediately. Heart rate does not increase. (Baroreceptor reflex failure - SA node not receiving the signal)
· Patient B stands up. Heart rate increases normally but blood pressure still drops sharply. (Arteriole smooth muscle not constricting adequately - peripheral vascular resistance failure)
· Patient C stands up. Heart rate and blood pressure both respond normally but the patient feels dizzy anyway. (Cerebral autoregulation failure -  cerebral arterioles not dilating)
Students match each failure to the structural feature responsible and write one sentence explaining the connection.
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