Ghost Balloon

STEM Lab

Scientific Method ¢ Variables « Data & Graphing
Classroom-Ready

Data tables + bar graph templates included




Expected Resulis Pattern
_——

Ghost Balloon STEM Investigation
Teachers Reference:
Purpose
Use an engaging gas-gencration challenge to teach engineering design, variables and contrals, data collectian,
praphing, ard esidence-based claims. Teams design a safe COp-capture device o inflate 3 balloon and lift a
lightwelght ‘pumpkin puck' toa target height efficlently,

Leaming Objectives

= Plan ard carry cut a controlled engineering test with clear independent, dependent, and controlled
variables.
Callect sufficient data (replicates), compaute averages and simpde rates, and compare across conditions
to optimize a design.
- h

formance vz, desig iabl d et evidh based claims.

»  Explain how nesction amounts, gas production, seals, and mass affect lift.

& Wear safety goggles at all times. Do not taste materials,
» LU 3% household hydrogen peroxide only, in small amounts, or substitute baking soda + vinegar.
= Danat Gghtly seal gases in figid containers; the balleon is the pressire refief device.
«  Keep faces away fram bottle openings; clean spills immediately; wash hands after the lab.
Matarials
= 50D mL plastic bottle with cap (1 per group).
White ballcan (‘ghest’] (1 per groug).
Baking soda packets [0.5 thsp per packet) OR 3% hydrogen perexide [15 ml partions) with dry yeast (%
tiph
Vinegar cups (60 ml. partions) If using baking soda route; dish soap {optional, for foam capture).
Funnels or paper funnels; measuring spoens; graduated cup for mL
Masking tape, permanent marker, rulerfiape measure, siring, scissors, tape.
Drata shieets (included), cipboards, pentils.

a

Background Science for the Teacher

*  Gas Generation and Lift: CO; produced by a reaction inflates a ballocn. The volume of gas depends on
reactant amounts and reaction completion; sealing beaks Increases usabde gas for ife,

*  Mass, Force, and Pressure: The balloon exerts anupward force as it inflates and displsces air; o Eghtes
puck and lpwer Triction en thi gusde string intrease schitvable height

+  Stoichiametry & Limiting Reagent [qualitative): Increasing one reactant anly helps umil the cther
becomes kmiting; excess beyond the limiting poant does nat improve lift and can show mixing.

» Systems Thinking: Performance depends on reaction rates, leak prevention {seal guality), ballocn
sipefelasticity, and harness geometry that transfes lif efficiently.

* ‘Wariables That Matter: Reactant amaunts {baking soda or perosdde), battlefballoon seal quality,
ballaon sire, harness mass, string routing friction, and presence of foam,'soap (can trap gas but add
mass).

Ghost Balioon STEM Investigation
[Daiving Chestion
Hrw does the reactant amound affect balloon Iife performance in a ghost balloon device?

Hypathesls
Write a testable hypothesis predicting which reactant amownt will produce the greatest lift and fastest time to targes,
and why.

Variables )
Type Describe for This Experiment

| independer | Reactant ameunt (e.g., baking soda in thep; vinegar kegt comtans)
Variable

| Dependent | Mg ity height (el timse b resach target height is]; success (FN]

| Variables

Controlied | Bastie/balloon type. seal method, vinegar volme, room canditions, meaturement method
Variables

Experimental Design
& Tet five reactant level: 05, 1.0, 1.5, 2.0, 2nd 3.5 tbip baking soda with a constan 60 mL vinegar (oo choose
analogous stepped levels for the HpO; route).
= For each level conduct 3 test trish waing the same trigger method [drop-in packet e ballaon pre-lead),
& Measure masimam height, tens 1o reach 10om.

Condition: 0.5 thsp )

| Triale | Max Height (om) | Time to 10 cm (3} |
1

E ! !
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Condition 10 thsp . :

| Trial 8 | Mux Height jemn) | Tires to 10 em (3] |
1

[z | 1
Conditicn: 1.5 tip ~ i}
| Trial & | Max Height (cm) | Time to 10em (5} |

[ Time te10em (3 |

3
Condition: 2.5 thsp )
| Trial® | Max Height (om) | Time to 10 cm (3} |
1

Summary Table
Reactant

| Aemount

|05 thxp

[101sp

[151sp

|20

| 251bp

Graphing

Create a b gragh with Avg Max Height {em] on the y-axis vi Resctant Amount on the x-auds,

| g Mlax Height | Avg Time 010
| fem) Lemia)

Implementation Notes
»  Asslgn roles: Buikder, Measurer, Recorder, Safety Lead, Rotate botwieen trials,
*  Mark a consistent test area and & target height on 2 wall or meter stick.
+  Twosafe chemistry rowtes: (A) Baking soda + vinegar; (B) Yeast « 3% Hy0; with a small amount of dish
soap in the bottle to visualize gas. Choose one route and keep it congistent.

Teacher Motes on Common Pitfalls and Fixes
*  Leaky seals reduce inflation: Stretch balloon neck before use and secure with rubber band + tape ower
the bottle threads.
*  Ewcess liquid mass: Using too much vinegar/peroxide adds weight; optimize amourits rather than ‘more
b better.!
+ Inconsistent triggering: Pre-load baking scda in the balloon and flip to start reaction or use a tissue
packet as a delayed-release pouch.

Mnahysis Questions KEY
1. Bestcondition: Typically, a mid-lewel freactant amount (&g, 1.0-1.5 thsp baking sada with 50 mL
winegar] that maximizes gas while minimizing mass and leaks. Besults vary by class.
2. Controlled varisbles: Botthe/balloon type, cap/neck seal method, puck mass, taget height, test surface,
room conditions, measurement method (same rulerfobserver),

Answer Kiry and Samphi Results
Mlustrative data—class results will vary
Reactart Avg Max Height | Avg Time te

Ameunt (thsp | {em) Target {s)

| baking soda) | |

|05 |6 =

[EX:] |12 118

| 15 | 16 1 iz

EX] |15 |14

F |18 |18

Average Maximum Height vs.
Amount of Baking Soda
]

&

g M Height {cm)
=1

Anshyiis Questions

1, Which reactant ameont had the best cverall parforrancg 7 nclude hoight, time, and susorss fate in your

.

2. What cantrolled vadiables were med impedtant o kien the bedt Fair?
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Rubric . : . :
| Categony | Bmceeds [4) | Mhewts (9] | Approaches (2} | Baginning (1)

Experimental Design | Wariatles clearly Wariables named; Variables partly ramed; | Variables missing: no
named; mos ; Srials : | consistent procedure.
trigger; Laccest compheted. frrwrer trish.
defimad; ansugh tish
acreas § levels.

Data Cuality Al triaks recorded; chear | Mot trials recorded; Several ombsions; Masvy missing.
units; averages summary masthy summary incomplete. summary not wnable.
computed; bvaldiriah | complebe,
noted & redone,

Graphing & Analysh Conmect graph with iaraph present with Graph incomphete or Ko pragh o incoredt.
labeh; bars accunate; Eitles and labeh; undieas; vague
chiar Rakedrnary naming | Balobawaay slated Eakaawiy,

Best kevel with
numbers.

Oaim-Evidernce— Cladm cites Best bevel, Claim suppoted with Claim weaidy Claim abaere or

Rearoning evidence uses this lab's | banic evidence; ome supparied undear ureelated
data: neancning. et reansning. reacning.

[
BenEralion, Seal, and
| | it | | |

Collaborution & Safery | Rsded uted, area Ity CODpETaLNG, Unven pammicipation; | OfF-cask of urdale

organized, Eye Sarle with manor repiated remingders behawior.

profedtion; onfask reminders.




What You Get

e Teacher Guide: Setup checklist, materials, safety,
timing/roles; background on center of mass, rotation,
fluid damping; quick troubleshooting + extensions.

e Student Packet: Driving question, hypothesis
template, variables table (IV/DV/controls), numbered
step-by-step procedure.

e Data Tables (0%, 25%, 33%, 50%, 75%): Trial logs with
spaces for averages, success counts, quick notes.

e Analysis + Model Answers: Focused questions on best
fill level, errors, improvements; concise answer key.

e Simple Rubric: Single-point rubric with 4 performance
levels.




