Catapult STEM Lab:

Pullback Angle vs Distance Investigation

Scientific Method ¢« Variables « Data & Graphing

Classroom-Ready
Data tables + bar graph templates included




Catapult STEM Investigation: Pullback Angle Catapult STEM Investigation: Pullback Angle

Purpose
Use a high-engagement craft-stick catapult to teach experimental design, variables and contrels, proportional
reasoning, data analysis, and communication of results.

Driving Question
How does pullback angle affect projectile distance?

Hypathesis
Learning Objectives Write a testable hypothesis predicting which pullback angle will maximize distance and why [energy stered in
+ Planand carry out a controlled investigation with clear independent, dependent, and controlled variables, rubbeer bands vs accuracy/drag).
»  Collect sufficient data (replicates) and compare results across pullback angles,
+ Graph distance data to analyze trends and construct evidence-based claims. Variables
« Explain the physical principles of elastic potential energy, energy transfer, and projectile motion, | Tvpe - Describe for This Experimont

I Independent Variable | Pullback angle [degrees) OR equivalent rubber band stretch length (cm)
Safety

Horizontal distance from the launch line te first ground contact (meters)

= Use soft projectiles (pom-poms or marshmallows) only. No hard objects.
*  Keepaclear launch lane, Never aim at people. Use eye protection if available,

= Check rubber bands for wear; replace if frayed. MW

Materials

*  Craft-stick catapults (identical build across teams)

* Rubber bands same size/type for all teams)

»  Pom-poms (same size/mass), small cup or spoan launch
»  Protractor or anghe card to measure pullback angle Sample Summary Data

» Tape line for launch; measuring tape or meter tape Pullback {*) Average Distance (m)

»  Data sheets (indeded), clipboards, pencils 30 5.8 | - ]
7.6 4 :
Background Science for the Teacher B.9 | 4
Elastic Potential Energy: Pulling back the launcher stores en B.3
{within limits) generally steres mere energy, which can incrd 6.7

Projectile Motion & Drag: Greater speed increases range on Interpratation

| Dependent Variable

Controfled Variables Catapult design and build; rubber band type; projectile mass; launch
surface; base stability; measurement method; number of launches par

condition

Answer Koy and Sample Rosults Experimental Design

Mote: Actual elass data will vary. The sample below models typical trends and acceptable analysis quality. 1. Test five pullback angles: 30%, 45°, 60°, 75°, and 90°.

For each angle, complete a practice block {3 launches, not recorded) to stabilize technique, then perform
10 mieasured launches with the same catapult and projectile type.

Standardipe technique; Keep the base fived; measure pullback with a protractor or angle guide; release
smoothly without pushing the arm,

Measure distance from the launch line to the FIRST ground contact of the projectile (nat where it rolls to).
Record to the nearest 0.1 m.
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accuracy, changagalease anpla god inrazeadoag locca: | + Greatest average distance at 60" (=8.9 m) with a close second at 75" (=8.3 m).
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. aull-d catapi +  Create a bar graph [or line graph) of Average Distance (m) on the y-axis ws Pullback Angle () on the x-axis. o a point. » T
»  Assign roleg *  Start y-axis at O; include a clear title and axis labels. Pullback '] Lsunch @ Distance {m]
= Measure dif 45 1
Analysis Questions | 45 F3 |
1. Which pullback anghe produced the greatest average distance? Include the mean distanoe and the angle I-:—: - §
value, 45 3
2. Describe how consistent your launches were across trials. What helped keep the test fair? &5 [
3. Which controlled variables were most eritical 1o keep distances comparable? :: :
4, I time allowed, what follow-up experiment woulbd you run next (prejectile mass at the best pullback, a5 5
different catapult builds)? State a testable hypothesis. 45 10
Pullback ("] Lwunch ¥ Distance {m)
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What You Get

e Teacher Guide: setup, safety, pacing, and
background science (elastic potential energy,
projectile motion, drag/accuracy).

e Student Packet: clear, easy to follow instruction
set and blank data tables.

e Summary & Graphing Pages: average-by-angle
table and graph template (Average Distance vs
Pullback Angle) with included graph paper.

e Analysis & Model Answers: four prompts with
sample data and exemplar responses

e Rubric & Extensions: simplified rubric plus
optional investigations




