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	Lesson Overview

	Description
	The purpose of this lesson is to help students discover mathematical relationships in physics by analyzing pendulum motion data. Students will investigate how mass, length, and angle affect pendulum period through data visualization and regression analysis, culminating in solving a real-world physics problem using their mathematical model.

	Subject Area(s)
	Mathematics

	Grade Band(s)
	6-8



	Learning Progression Alignment

	Strand
	B - Creation and Curation

	Substrand
	B1 - Organization and Processing

	Concept
	B.1.1 - Data can be represented visually to reveal patterns
B.1.3 - Different visualizations highlight different aspects of data

	Competency
	6-8.B.1.1a, 6-8.B.1.1b
6-8.B.1.3a, 6-8.B.1.3b

	Substrand
	B2 - Designing for Data Collection

	Concept
	B.2.1 - Patterns in data can suggest relationships between variables
B.2.2 - Mathematical relationships can be identified through data analysis

	Competency
	6-8.B.2.1a, 6-8.B.2.1b
6-8.B.2.2a



	Tool(s)

	Type
	No-Code

	Tool
	CODAP 

	Other Tech Notes
	PhET Pendulum Lab Simulator https://phet.colorado.edu/en/simulations/pendulum-lab 




	Lesson Materials

	Dataset
	Pendulum motion data collected from PhET simulator (26 trials investigating mass, length, and angle effects)

	Datasheet
	https://about.dataclassroom.com/ready-to-teach/timing-the-swing 

	Student Document(s) & File(s)
	Structured analysis worksheet with graphing tasks, regression analysis questions, and real-world application problem

	Teacher Document(s) & File(s)
	Physics background notes, expected regression relationships, discussion prompts for mathematical modeling concepts
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	Lesson Plan

	Lesson Focus
	Students will use data analysis techniques to discover fundamental physics relationships, learning how mathematical modeling through regression analysis can help solve real-world problems while understanding the connection between experimental design, data collection, and scientific conclusions.

	Content Objective(s)
	By the end of this lesson, students will be able to:
· Identify relationships between independent and dependent variables in experimental data
· Create and interpret scatter plots with categorical groupings
· Recognize patterns in data that suggest cause-and-effect relationships
· Use trend lines to make simple predictions about physical phenomena
· Determine which variables have the strongest effects on physical systems
· Apply data analysis findings to solve practical problems

	Prerequisite Knowledge & Skills
	· Basic understanding of independent and dependent variables
· Familiarity with creating and reading simple graphs
· Understanding that experiments can test how one thing affects another
· Basic knowledge of measurement and units
· Ability to identify patterns in data displays
· Basic fraction and percentage concepts

	Lesson Details

	Lesson Hook & Warm-up

15 mins
	Student Facing: You've been hired as a stunt coordinator for an action movie! The director needs to know exactly how long it will take the star to swing across a river on a vine to escape wild animals. Your physics knowledge and data analysis skills will determine whether this stunt is timed correctly. Today you'll discover the mathematical secrets of pendulum motion.

	
	Teacher Facing: Connect to students' experiences with swings, pendulums in clocks, or other oscillating objects. Introduce the concept that physics relationships can be discovered through data analysis rather than just memorized from textbooks. Set up the authentic problem-solving context.

	Experimental Design and Data Overview

20 mins
	Student Facing:
1. Examine the pendulum dataset collected from PhET simulator trials
2. Identify the controlled experiment design:
a. Trials 1-10: Mass varied (angle and length constant)
b. Trials 11-16: Angle varied (mass and length constant)
c. Trials 17-26: Length varied (mass and angle constant)
3. Create a Trial # vs. Period graph, using "Manipulated Variable" to color-code the different experimental conditions
4. Identify which groups of data points show similar patterns

	
	Teacher Facing
Help students understand the experimental design and why controlling variables is important. Emphasize how this systematic approach allows them to isolate the effect of each variable. Guide discussion about what constitutes good experimental design in physics.

	Pattern Recognition and Variable Analysis

25 mins
	Student Facing
1. Analyze your initial graph to determine which variable(s) appear to affect pendulum period
2. Create a focused Length vs. Period graph to examine the strongest relationship
3. Describe the pattern you observe: Is it linear? Curved? Steep or gradual?
4. Make predictions about what this relationship means for pendulum behavior

	
	Teacher Facing
Guide students to recognize that length appears to have the strongest effect on period, while mass shows little to no effect. Help them describe the curved (non-linear) relationship between length and period. This sets up the need for more sophisticated mathematical analysis.

	Trend Analysis and Relationship Discovery

25 min
	Student Facing:
1. Add a trend line to your Length vs. Period graph to show the overall pattern
2. Describe the trend you see: Does period increase or decrease as length increases?
3. Estimate how much the period changes when length doubles (from 0.5m to 1.0m)
4. Write a simple statement describing the relationship between length and period
5. Discuss why this relationship might make sense in terms of physics

	
	Teacher Facing: Focus on helping students recognize and describe trends rather than complex mathematical modeling. Guide them to see that longer pendulums take more time to complete their swing. Connect this to their intuitive understanding of how long vs. short pendulums behave.

	Making Predictions and Testing Ideas

25 min
	Student Facing:
1. Use your trend line to predict what would happen with a pendulum that is 2 meters long
2. Test your prediction using the PhET simulator
3. Compare your prediction to the actual result - how close were you?
4. Discuss what makes predicting easier or harder with different variables
5. Explain which variable (mass, length, or angle) has the biggest effect on pendulum timing

	
	Teacher Facing: Emphasize the process of making predictions based on data patterns and then testing those predictions. Help students understand that some variables matter more than others in determining outcomes. This builds scientific thinking skills about cause and effect.

	Real-World Application

20 min
	Student Facing:Using your mathematical model, solve the movie stunt problem:
1. Calculate how long it takes the actress (59 kg) to complete one full swing on a 10-meter vine
2. Determine how much time she needs to swing halfway across (one half-period)
3. Evaluate whether mass affects the timing when her stunt double (65 kg) replaces her
4. Make recommendations to the director about stunt timing

	
	Teacher Facing: Guide students through applying their mathematical model to the practical problem. Help them understand the difference between a full period and the time needed to swing across a river (half period). Reinforce that mass doesn't affect pendulum period - a counterintuitive physics principle.

	Lesson Synthesis

10 mins
	Student Facing: Reflect on your analysis:
· Which variables actually affect pendulum motion and which don't?
· How did data analysis help reveal physics relationships?
· What advantages does mathematical modeling provide for solving real-world problems?
· How confident are you in your recommendations to the movie director?

	
	Teacher Facing
Facilitate discussion about how data science techniques can be used to discover and verify physics principles. Emphasize the connection between experimental design, mathematical analysis, and practical applications.

	Closing Activity 

10 mins
	Student Facing: Test your model using the PhET Pendulum Lab simulator:
1. Set up a pendulum with the movie stunt parameters (10m length, 15° angle)
2. Run the simulation and compare actual results to your mathematical predictions
3. Evaluate the accuracy of your model and discuss any discrepancies
4. Consider what factors might cause differences between your model and reality

	
	Teacher Facing
Have students use the simulator to validate their mathematical models. This connects their abstract analysis back to the physical phenomenon and allows them to assess model reliability. Discuss limitations of mathematical models and the importance of experimental validation.

	Student Follow Up & Practice
	Students can explore pendulum motion with different parameters, investigate other oscillating systems (springs, waves), or research how pendulum principles are applied in real engineering applications like earthquake-resistant building design or precision timekeeping devices.

	References
	· PhET Interactive Simulations, University of Colorado Boulder: https://phet.colorado.edu/en/simulations/pendulum-lab
· DataClassroom: https://about.dataclassroom.com
· Academy Pendulums - Period Definition: https://www.academypendulums.com/pendulum/page13.htm
· Original lesson: https://about.dataclassroom.com/ready-to-teach/timing-the-swing



