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Hydroponic Food-Growing System STEM Investigation — Growing Without Soil

|
Purpose
Use a hands-on engineering investigation to teach plant needs, hydroponics, sustainable agriculture, u I
experimental design, data collection, and graphing. Students will design and build a simple hydroponic

growing system and collect data over time to determine how effectively their system supports plant grow
while using water efficiently.

Learning Objectives
« Design and build a functional soil-free growing system
« Explain how hydroponic systems provide plants with water, nutrients, light, and support
» Measure plant growth and water use over time
« Collect and analyze quantitative data
¢ Create and interpret graphs showing plant growth over time
» Evaluate the efficiency and effectiveness of a hydroponic design
s Use evidence to propose improvements to the system

food-growing
through a hands-
on activity.

SCROLL

to take a look inside!

» Wash hands before and after handling plants and nutrient solution.

« Do not taste plants, water, or nutrient solutions used in the investigation.
+ Clean water spills immediately.

+ Handle scissors and cutting tools carefully. \
« Follow manufacturer directions when preparing plant nutrient solution. ]
« Teacher should complete any difficult cutting of plastic containers.

Materials
Required
« Plastic bottle, cup, or other clear/recycled container
« Small net cup, plastic cup with holes, or similar plant holder
» Seedling or fast-growing plant
«  Water
+ Hydroponic nutrient solution
+ Growing medium
« Ruler & Graduated cylinder or measuring cup
+« Permanent marker
+ Student packet
Possible Growing Media
+« Rockwool
« Coco coir = —

NO PREP

+ such as:

Teach With
Fergy




HOW THIS LAB
WILL HELP YOU

> Print-and-go setup
> Clear Testing Procedure
> Teaches Scientific Method

> Low-cost & common

materials

N\

Hydroponic Food-Growing System STEM Investigation — Growing Without Soil

Purpose

Use a hands-on engineering investigation to teach plant needs, hydrop«
experimental design, data collection, and graphing. Students will desig

growing system and collect data over time to determine how effectivel

while using water efficiently.

Learning Objectives
Design and build a functional soil-free growing system

Explain how hydroponic systems provide plants with water, nu
Measure plant growth and water use over time

Collect and analyze quantitative data

Create and interpret graphs showing plant growth over time
Evaluate the efficiency and effectiveness of a hydroponic des'
Use evidence to propose improvements to the system

Safety
Wash hands before and after handling plants and nutrient st

Do not taste plants, water, or nutrient solutions used in the
» Clean water spills immediately.

Handle scissors and cutting tools carefully.

Follow manufacturer directions when preparing plant nutri

Teacher should complete any difficult cutting of plastic cor

Materials

Required
Plastic bottle, cup, or other clear/recycled container

Small net cup, plastic cup with holes, or similar plant holc
« Seedling or fast-growing plant
« Water
« Hydroponic nutrient solution
« Growing medium
Ruler & Graduated cylinder or measuring cup
« Permanent marker
« Student packet
Possible Growing Media

+ Rockwool
« Coco coir
« Perlite

« Clay pebbles
« Sponge pieces
Recommended Plants
Fast-growing leafy plants work best, such as:
Lettuce, Basil, Arugula, & Bok choy

Starting with similar-sized seedlings rather than seeds will
predictable timeframe.
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Teacher Guide: setup, safety,
pacing, and background A
science. Inside

Student Packet: clear, step-by-

Growing Without Soil

What you get

Driving Question:
How effectively can a hydroponic system support plant growth while using water efficiently?
] ] Hypothesis
‘Write a testable hypothesis predicting how well your hydroponic system will support plant growth ower the
investigation period and explain which features of your design you think will make it effective,
Variables
| Type Describe for This Experiment
| Independent Variable
| Dependent Variable(s)

| Controlled Variables

Engineering Design Plan

instructions with blank data vl p—

) Note: Sample data are provided for teacher reference only. Student results will vary.
« MNutrient solution Pl provided fi e y. ry.

« Root location Plant GrowthData
« Water reservair :av | :':ﬂl Height (em) |
o Any features designed to reduce water loss . — |

3 7.1
Why do you think your design will successfully grow a plant? 5 |80

7|93
10 |111
14 |135

| How will your design help conserve water?

Water-Use Data

Rubrie ) | Time Period | Water Added/Used (mL)
l Category | 4 - Exceeds Expectations [ [:;::;:M [ ZE—‘:::‘:;:? E‘fs 0-3 15
Understanding of | Clearly explains Understands Partial understandin Experimental Design Days 3-5 30
] the Challenge :ﬁ'r::;m::‘ pook; | bacicchelionge 1. Sketch and label your proposed hydroponic system, Days 5-7 35
| Mypothesis | Testabie pregiconwith | Testable | Weak or vague 2. Build your system using the approved materials. Days 7-10 | 50
Fengimsaring " car scenifc reasoniog | reditonstated | prediebon — oficas 3. Add the prepared nutrient solution. Days 10-14 | 70
Design design dearly addresses | hydropanic weaknesses 4. Place your seedling into the growing medium or plant suppor Total 220
e |=*= 5. Measure and record the plant's initial height, Total plant growth:
| variables & | Correctlyidentifiesv, | Variables mostly | Some incorrect/miss 6. Record the starting water level/volume. 135em-60cm=7.5em
Goatris ?::";"‘f M b 7. Place your system in the assigned growing area. Total measured water use/loss:
| Procedure | Follows procedure [Minorerrors | Inconsistent proced B. Measure plant height and water use at each scheduled intery 220 mL
:;:‘;:‘:r‘xj:"” 9. Record observations about plant health,
| Data Collection | Complete, accurate | Mostly complete | Several 10. Continue collecting data for the entire investigation period. Graphing Sample

measurements at all missing/inconsistent

| intervals | measurements Students should create a line graph showing plant growth over time.

Plant Detailed, relevant ["Appropriate Limited observation: Title: Plant Growth in a Hydroponic System
g observations o T}
‘ ‘ | recorded X-axis: Time (D.'!vs)
Graphing Accurate line graph with | Graph complete | Graph has major ern Y-axis: Plant Height (cm)
[ ] :::(:‘:;-;‘;‘:;;“‘“' WA TG 499075 Because the investigation measures the same plant repeatedly over time, students should connect the

| | data | | sequential measurements with a line rather than use a line of best fit.
Data Analysis Clearly idertifies and Wentifies major | Limited analysis W
ol owthand att
e o patiems Plant Growth in a Hydroponic System

| water-use patterns

Schentific Accurately connects Basc sclentific Partially correct INCOMTECE/NG EXPIANATION
Understanding | results to plant needs explanation explanation "
] | | and hydroponic principles | | |
Sustainability Thoughtfully evaluates | Explains basic Lmited aning
water efficiency and sustainability n
sustainability, indluding | connection
| | trade-atfs | | | = 10
Claim (CER) Clear daim directly Claim answers Claim unclear Missing clsim £
evalustes system question M
£
| | performance | | | - M
Evidence (CER) | Uses specific plant- Uses relevant Evidence No evidence ]
growth and water-use data vague/incomplete £ s
| | data | | | K]
Reasoning (CER) | Clearly connects evidence | Basic scientific Weak connection No reasoning .
o hydroponics, plant connection .
needs, and water
| efficiency | |
Design Propases realistic Vague I 2
supported
| | by evidence | proposed | |
Collaboration & | Consistently engaged, Appropriate Frequent reminders Off task/unsafe ¢ 1 . ¢ . 0 u u
| Safety cooperative,and safe | participation | Time (Days)
| |
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Your Lab

Hydroponic Food-Growing System STEM Investigation — Growing Without Soil

Purpose

Use a hands-on engineering investigation to teach plant needs, hydroponics, sustainable agriculture,
experimental design, data collection, and graphing. Students will design and build a simple hydroponic
growing system and collect data over time to determine how effectively their system supports plant growth
while using water efficiently.

Learning Objectives
« Design and build a functional soil-free growing system
+ Explain how hydroponic systems provide plants with water, nutrients, light, and support
« Measure plant growth and water use over time
+ Collect and analyze quantitative data
« Create and interpret graphs showing plant growth over time
+ Evaluate the efficiency and effectiveness of a hydroponic design
« Use evidence to propose improvements to the system

« Wash hands before and after handling plants and nutrient solution.

+ Do not taste plants, water, or nutrient solutions used in the investigation.
+ Clean water spills immediately.

+ Handle scissors and cutting tools carefully.

« Follow manufacturer directions when preparing plant nutrient solution.

+ Teacher should complete any difficult cutting of plastic containers.

Materials
Required
+ Plastic bottle, cup, or other clear/recycled container
« Small net cup, plastic cup with holes, or similar plant holder
« Seedling or fast-growing plant
« Water
+ Hydroponic nutrient solution
+« Growing medium
« Ruler & Graduated cylinder or measuring cup
« Permanent marker
« Student packet

Possible Growing Media
+ Rockwool
+ Coco coir
+« Perlite

« Clay pebbles
+ Sponge pieces
Recommended Plants
Fast-growing leafy plants work best, such as:
Lettuce, Basil, Arugula, & Bok choy

Starting with similar-sized seedlings rather than seeds will make the investigation easier to complete within a
predictable timeframe.

All steps are clearly
outlined and easy to
follow

Students collect data
In organized charts

Graphing

Students analyze
their data and draw
conclusions

Data Table
Hydroponic Plant Growth & Water Use
Day | Plant Height (cm) | Growth Since Day 0 (cm) | Water Added/Used (mL) | Plant Observations
0 0
3
5
7
10
14
Total Plant Growth: cm
Total Water Used/Added: mL
Graphing Task

Plant Growth in a Hydroponic System

X-axis: Time (Days)

Y-axis: Plant Height (cm)

Graph Type: Line graph

Create a line graph showing how the height of your plant changed throughout the investigation.
Then write one sentence describing the overall pattern shown by your graph.

Claim = Evidence — Reasoning (CER)

CLAIM:

How effectively did your hydroponic system support plant growth while using water efficiently?
EVIDENCE:

Use specific plant-growth and water-use data from your investigation.

REASONING:

Explain your evidence using plant needs, hydroponics, and water efficiency concepts.

Analysis Questions
1. How much did your plant grow during the investigation?
What pattern does your graph show about plant growth over time?
How much water did your system use during the investigation?
What evidence suggests that your system successfully or unsuccessfully met the plant's needs?
Why can plants grow without soil in a hydroponic system?
Identify two controlled variables and explain why they matter.
Identify two possible sources of error in your investigation.
What change would you make to improve your hydroponic system?
Why could hydroponics be considered a sustainable way to grow food?
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At School or at Home
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Word and PDF
versions of the lab
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Ways to Use this Resource

Teach data analysis and

Introduce the Scientific

Method

Reinforce key ideas
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Place systems in the same general location so light ¢

Measure plant height from the same starting point

Mark starting water levels on each container.
Record plant growth and water use at consistent ir rvals,
A10-14 day i is for me. .
Photograph systems at each measurement interval if possible.
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CER Answer Key
CLam

How effectively did the hydropanic system support plant growth wh
Model Answer:

The hydropanic system successtully supported plant grawth while usi
investigation,

EVIDENCE

Use plant-growth and water-use data from the investigation.

Model Answer:

The plant increased from 6.0 om on Day 0to 13.5¢em on Day 14, for |
system required 220 mL of additional water,

REASONING

Explain your evidence using plant needs, hydropanics, and water ef
Model Answer:

Plants need water, mineral nutrients, light, carbon dioxide, and appr
supplied water and dissolved nutrients directly to the roots without «
received enough resources ta grow. Because water remained in the ¢
rather than immediately draining away, the design alkso demonstrate

Analysis Questions — Answer Key
1. How much did the plant grow during the investigation?
Using the sample data, the plant grew from 6.0 am to 13.5 cm.
13.5- 6.0 = 7.5 cam of growth
2. What pattern do you see in plant height over time?
Plant helght increased throughout the investigation. The sample pk
3. How much water did the system use during the Investigation?
Using the sample data, the system required 220 mi. of additional w
4 What evidence suggests that the hydroponic system successfully
The plant increased in height and remained healthy, This suggests
nutrients, ight, and suitable growing conditions,
5. Why can plants grow without soll in a hydroponic system?
Plants do nat require soflitself, They require the water and miner;
carbon dioxide, oxygen, and physical support. Hydroponic system:
roats.
©. Kentify twe controlled variables and explain why they matter.
*  Plant spedies: Different specias naturally grow at differsn
*+  Ught exposure; Differant amounts of Kght could affect ph
Other acceptable answats include nutrient concentration, starting
method.
7. dentify two possible sources of error.
Possible arswers include:
*  Plants beginning at different sizes
*  Unequal light exposure
*  Incorrect height measurements
*  Different nutrient concentrations
*  Water lost through spills
*  Evaporation being counted as plant water use
8. What change would you make to improve the hydroponic syste
Answars will vary, Students might increase root aeration, reduce
medium, block light from the reservolr, or radesign the water re:
9. Why could hyds b a ay 1o gron
Hydraponic systems can use water efficiently and allow plants te _
locations where traditional farming is difficult. However, thelr overall

Hydroponic Food-Growi ng System STEM |,
Growi i i
N ing Without Soil
How effectively can a hydroponic system support plant growth while i

Hypathesis
Write a testable hypothesis predicting
investigation period and exglain which

nvestigation —

g water efficiently?

use, nutrient production, materlats, and system design.

Rubric i — : §
Variables Category | 4- Exceeds Expectations 3-Meets 2- Approaches 1- Beginning
[ Type Expectations. Expectations | |
‘! [Understanding of | Clearly explains I Partial Dotsnot
indersta
[ oependent Variable the Challenge hydroponics, plant needs, | basic challenge challenge
| Dependent Variablefs) and sustainability | | ‘ ‘ -
| Controiled Variabies | Hypothesis | Testable prediction with | Testable wn!: :{twg\n Missing/not testal
clear scientific reasoning | prediction stated | prediction | |
[ | i | tional 5 significant | Incomplete/nonfunctional
Engineering Design plan Engineering Thoughtiul, Fm(gmal ;::c | ::::; r:“ i e
Befora buildi ; Desi design clearly addresses ropanic
‘ ing, sketch your hydroponic - plant needs and water design
Label: . |
efficiency | | ! .
? T | Variables & | Correctly identifies IV, | Variables mostly | Some incorrect/missing | Variables not identified
*  Growing medium/support Controls OV, and multiple correct
* Nutrient solution controls
¢ Tootlacation Procedure Follows procedure Minorerrors | Inconsistent procedure | Procedure nat follawed
+ Water reservoir accurately and
« N consistently | 1 |
et dedared toreshuce | Data Coltection | Complete, accurate Mostly complete | Several . Little/no usable data
wi i measurements at all missing/inconsistent
Ty do you think your design will succe intervals | meagurements |
| Plant | Detailed, relevant | Appropriate Limited observations | Missing obsenvations
- | recorded | ) - |
How will your design help conserve wate | Graphing | Accurate line graph with | Graph complete | Graph has major emors | Missing grap
title, scales, Labels, units, | with minor errors
and correctly plotted
ental Desi [ | gl“ ty identifies and | identifies major | Limited analysis | Analysis missing/incorreet |
Data Analysis earl i
S 4 i explains growth and patterns
3. Sketch and label your proposed hyc witerusapottos | |
3 Bulld your system using the approv | Seientific | Accurately connects gasic scientific artially correct
3. Add the prepared nutrient solution, Understanding | results 1o plant needs explanation explanation
4. Place your seediing into the growin and hydroponic principles | | |
[l F - - I
5. Measure and record the plant's initi Sustainability Thoughttully evaluates | Explaing :Im Limited
6. Record the Starting water levelfuoly water Gfﬁcrﬂufv and sustainability
7. 8 sustainability, including | connection
- Flace your system in the assigned gr adaal | |
: RcheMa ure plant height and warer use | Claim (CER) | Clear claim directly | Claim answers | Claim undear Missing daim
9. rd observations about plant he: evaluates system question
10. Continue callecting data for the enti | pertormance . | I ‘
| Evidence (CER) | Uses specific plant- Uses relevant Evidence
growth and water-use data vague/incomplete
(L] 4 4 ! |
| Reasoning (CER) | Clearly connects evidence | Basic scientific | Weak connection No reasoning
10 hydroponics, plant connection
e ——a— needs, and water
' efficiency ;
loel? Design P list Vague o
- sup ’
f dence propose 1 I |
) ) e & :vt\n I ged, | Frequent reminders Off-task/unsafe
Safety cooperative, and safe | paticipation |

graphing

Formative or Summative

Assessment




Classroom Fit Guarantee

| want you to feel confident when you purchase from Teach With Fergy. If a
resource Is not the right fit for your students, simply contact me and I'll provide
double your purchase amount in store credit toward another resource in my store.
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Your Activity

e |s a2 fun and interactive FULLY EDITABLE AND READY-
_ TO-GO INVESTIGATION
way to reinforce Y7 bieimad
concepts and Study |\ | AND PRINT
e DIGITAL and PRINT
ready
e FULLY EDITABLE

e e
G, A

o Complete Answer Key GREAT FOR TEACHING THE
SCIENTIFIC METHOD




Download my Angle of
Attack STEM Lab FREE

Paper Airplane Angle

of Attack STEM Lab

Scientific Method * Variables » Data & Graphing

' Classroom-Ready

CLICK HERE

'/ Data tables + bar graph templates included

Teacher guide with setup,

Teach With
Fergy

(Y

Angle of
Attack

EELEEEERETERERY) 3

Paper Airplane: Angle of Attack STEM Investigation: Scientific Method Activity

safety, background science,
pacing
@ Step-hy-step procedure for —

Use a high-engagement paper-airplans challenge 1o teach experimental dedsgn, vanables and control,
propomonal reasoning, dats analysis, and communication of results

Learning Dbjecthees
& Man mnd carry out & conirolleid imvestigstion with clear independent, dependant, and controllsd varishles

|
#  Collect sulMicicnl data {replicates) and compare results across angle condiions.
#» Cmaph distance data o anabhyvee tronds and comstruct ovidence-Sased claims
* plain the physical prisciples (Hi, drag. sill) thai siffeer Aight distnce

only xirplases; no paper clips or sharp nose cones.
clear launch lane; siend behind the: o ling; throw parallel to the Soor.
iag arca clear, reneve plancs oaly alter all theows 1 3 round ars complese,

11 im) dentical for &1l planes

onal, oie sndand design for 2l e

Analysis questions with model M=~

Background Scignes far the Teacher
Lifk vs Anghe of Atlack {AoA): Lifk penerally increases with AoA ep o a poink Bevond a critical Ao, airflow
scparates (Esalll, cousing hill to drop and deag 1o nes, shonenmg distance.

[hwag and Emergy: Higher Ao increases fromial area and induced drag; teo much drag shows the plane quickly
Modermie AoA halances sdequaie lift with manageable drag for 8 longer glide.

|
Consmency: A gingle plane design, constant throw lemoeheght, and a chear angle-setmng method are key Lo [air
ST S0

Empecbed Results Pattern

& Distances typacally peak af 3 moderstc Ao (arousd 10°-]15" for a simiple Jdan desagn)

= Wory low Aok (0°-5") may dive or fail to goacrate a strong, glhide; very high AoA (207 +) oo stalls o
climbs then Falls rapaidly.

®  As throw scchnigue bocomes consision, varmalbon docreases and the distance curve vs angle bocomes
clearer

Implementation Notes

#  Use one standard airplanc dessgn per class for consistioncy (provide a template or model).

& Assign roles: Thrower, Angle Seter’Checker, Messurer, Recorder, Rolale moles between angles

& DMark b thiow lise and mcissic anghe al folcase uslng a prolracion of an anght cand Laped 1o b Forcaim af
lausc her paicle

Arvwer Kiy and Sampls Results
Mote: Actual class desa willl vary, The sample below models ryplcal wrends and acceprable anslysbs gualiny

Samiple Supnimary Data

.I".IIH'I.' ™1 | AVETIgE Iisranee {im)
1] 18
5 (]
{11} 129
15 121
20 9
Interpretation

* (ireatest average distance ot 107 {=12.9 m) with s close second ai 15* {=12,1 m)

= Wery low angle (0F) undemperformed (divesSow lifl). Very high engle (20 lost distance (neas-siall and
Bigher desgh

& The iremd supporis o modemtz-angle optimem due to halance of 1ift el drag,

Model Responses o Arnabysis Ceestions

=  Best angle: 10° with an average of <129 m (our class graph shows a peak around 10-15%)

*  Comistency: Resalis were reasonably consistent afler the practice ound; esing ibe same thrower md angle
card reduced variation

=  Conirols that maticred most: Plase design and paper type, release height s throw force, indoonno-dnf
woorm, and mecasuring bo firsd confacl.

&  Pollow-up: Tesi mose mnsss with paper clips ai the besi angle. Hypoibesis: Adding o small mese mass {12
clipa) will iscreass distance by improving stabality without greatly increasing drag.



https://www.teacherspayteachers.com/Product/Paper-Airplane-Angle-of-Attack-STEM-Lab-Scientific-Method-Investigation-14521875

STEM INVESTIGATION BUNDLE

Build a high-engagement, low-prep STEM

program. STEM Investigation
o This Bundle includes all my STEM

investigations—each one buitt around true JCIECAY AR F- B =1V g e | (=

engineering deSign: fair testing, repeated Scientific Method « Variables « Data & Graphing
trials, data tables, graphing, and CER v Classroom-Ready
writing. v A Variety of Science Topics Included
o STEM develops crucial skills like critical
thinking and creativity and prepares
students for a changing world and future
opportunities.
“Tell me and | forget. Teach me and |
CLICK
remember. Involve me and | learn.” HERE! |"::
—Benjamin Franklin U |



https://www.teacherspayteachers.com/Product/STEM-Investigations-Growing-Bundle-Scientific-Method-Design-Data-CER-14577842
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for your interest _
in this resource! Teach With Fergy

| am a real person and If
you have any guestions,
suggestions, or concerns,

please reach out. \’
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