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Clean Water ol a Budget— Filtration Engineering Challenge

.
I t i
w can we design @ Jow-cost filtration system that removes visible contaminants from dirty water and y s t e

stores clarity?

parning Targets

Materials (per 6-8 teams)
+ Dirty Water (recipe pelow): AP water + soil, @ small pinch of glitter/ confetti, food coloring optional: 3

few mL of vegetable oil

plan and carry out a fair test to design and improve 2 water filter- r e m o v | -
Collect data on clarity [turhidity}. flow time, and cost compare designs- v
, Explain how physical filtration {size-basen:l] and adsorption {l:harl:oal] model real water treatment. I
o Use Claim-Evidence—Reasoning (CER) to justify the best design solution. C
+ Sand (fine)
« Gravel

Activated charcoal a e r
Rubber pands, tape (=30 cm per team) a n d

y .
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Cut 2-L pottles oF funnels, clear cups/ beakers, 250 mL [measure
. Swpwatches,i' phones, turbidity rating card (0-5) markers, Scissors

Budget & Materials Store
Each team gets £101in pretend money 10 “buy” materials. Record purchases in the budget table. You may

return oF exchange items with teacher approval: Use labeled bins o simulate a store.

Safety
. Wear goggles at all imes.
« Notasting keep li quids away from eyes Jskin.
Har"" * -ag gently—n0 splashing.
. & -ink; putsolidsin the trash; wash hands.

ﬁ SCROLL

to take a look Inside!

Teach With
Fergy




HOW THIS LAB

> Print-and-go setup

> Clear Testing Procedure

>> Data & math supports

>> Low-cost & common
materials

WILL HELP YOU

. s ineering Challenge
Clean Water ont a Budget — Filtration Engio L 3. Test— Pour 250 mi of dirty water. Start the timer as you pour. Re
" nservatlons. Stop timer ence all er has passed e
Dfi\“ﬂs‘l\’““"“ . isible comnn\mﬂﬂ“ from dirty W o s.rvmnnsf:np L rX_m ce all the water bas passed through the fliter, )
¢ design a low-cost filtration system that remaves Vi 4. Redesign — Change QNE thing (layer order, thickness, seal, or add charcoal]. Test again
How can we desgn 5. Compare — Which design cle red the most for the least cost?
6. Analyze —Complete the Analysis questions and write your CER.

restores clarity?

ater fllter:

mprove 3 W
designs

Learning Targets
and cost; CORpAre

Plan and carTy © test to design and i
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.
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« Expld = - ¢y the best design sOIWTIAR: S
» Use l‘,h\m—i\'td(‘m‘c—Rmmnmi‘, (CER) to justify the b 1 Slight haze Vines stll clear
2 Noticeable cloudiness Lines faint but visible
Mmcﬂnlﬂvl‘rf“s“"‘m‘) ater + soft, asmall pinch of gliveesjoonfetth fpod coloeing 3 Cloudy Lines barely visible
o Disty Water (recipe below): R WY ‘ 4 Very cloudy Lines invisible; light sull passes
& etahbe ol
fow ml of Ve 3 Opaque Uooks solid: no light passes
o Coffecfilters
« Sand{fine) )
« Gravel Materials Store & Budget {choose within 510}
o Activated charcoal Item Cost oy Subtotal
c y Coffee filter 51
» Cottonor felt
o 23 o LEAM] Sand, fine 52
. Rubber bands, el 30 em per " —
. ?:z‘:lhmﬂcwr\'xmn(-\s‘r\c:!r cups/beakers, 250 M meSVE Gravel 52
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—_—
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TOTALSPENT:§___ [5510)

Safety

o Wear gogglesat all times- )
No rasting: keep ligulds 3way from eyes/sKiT
charcoal and dye! lashing.
ywa the Si0
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Pour wastewater do?
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5 3 minutes
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+ Stability: No leaks o bypass around ayers

) pasl water ¢ o

Procedure
Plan — Sketch your filtration tower.
a eut battle or funn

Lahel layer arder and thickness; total your
1. Seal edges so water cannot by

. Build — Assemble Jayers in

o

Turbidity Rating {0-5 visual Seale)
Level Description
Crystal clear

Visibility
Easily

Ba Planning & Design
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prevent leaks
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Teacher Guide: setup, safety,
pacing, and background science.

Student Packet: clear, step-by-

What you get

inside

step setup and timing
Instructions with blank data

tables.

Graphing pages templates and

marking rubric.

omplete answer key with
example data tables.

Procedure

1. Plan — Sketch your filtration tower. Label layer o
2. Build — Assemble Jayers in a cut battle or funnel. Se

rder and thickness; total your costs (stay 2510).

al edges so water cannot bypass layers.

i i ineerin; Challenge
Clean Water on a Budget— Filtration Engln 8 3. Test — Pour 250 mi of dirty water. Start he timer as you pour. Record time, wrbidity, and
E hservatlons, Stop timer ence all the water has passed th rough the filter,
stion from dirty W £
i Q:: design & ow-cost Hltration system that Temaves visible conptaminants from dirty 4, Redesign — Change ONE thing (Yayer order, thickness, seal, or add charcoal), Test again,
How can Larity? 5. Compare — Which deslgn cleared the most for the least cost?
restores clarity 6. Analyze — Complete the Analysis questions and write your CER.
Learning Targets water filter, Turbidity Rating (0-5 Visual Seate)
st to desh o and improve a we
. Panandary owa BTIEEC T time, and cast; compare desiEt Level | Description [ Visibility
o Collectdont m;m“q “:!l fteation ‘;m_b ased) and adsorption [dmr:o;\\] model real water re [ Crystal clear Easily see cord lines/text theough water
o Explain how physic N * best design solution. L |
. Use Cwm»EvmmcmRmmnmg (CER) to justify the best design 1 | Siight haze Lines siill clear
2 1 Noticeable cloudiness | Lines faint bt visible
Materials (per 68 teams) il pinch of giteer feonfeati, food eolaeing 3 | Cloudy | Lines barcly visible
o Disty Water (recipe bEIOW ): tap wates + soil 435 ¥ 4 Very cloudy Lines invisible; light still passes
1, of vegetable ofl L |
';;t: r:;u-ng s Opagque Looks solid; no light passes
-
« Sand{fine)
o Gravel Materials Store & Budget {choose within $10}
o Activated charcoal | Irem Cost Qty | Subtotal
» Cottonor folt ) Coffee filter l 31
. cm per LeAm, Sand, fine $2
»  Rubber pands, ape [=30 cm per el N |
o Cut2: bowtlesor funnels, clear cups/beakers, 250 mb kr:caz\::)ﬂﬁ ravel 52
o Stopwatchesf phones, rbidity FUDE card (0-5), markers: | Activated charcoal $3
Cotran/Felt i}
dget & Materials Store . nases in the budget 13t | Rubber band |1
L retend money 10 DUY materials, Record pure Tape (30 ot $1
Each team 8% SHBE wal. Use labebed bins 1@ simulate 8 StOFe ape (30 cm) 1
ceturn or exchange jtems with teacher approvat Bottle funnel f 21 Free
—— bottle
Safety 7 TOTALSPENT: $. (510)
Wear goggles at all Gmes- /
: No tosting: keep lguids away from eyes/sKiD Da Planning & Design
= ; Hy~no splashing: Tei skench your filtration tower (10p = bottor), Label layer order and thidkness; show where you will seal to
» Handle charcoal and dyes geOLY hands.
p‘ ¢ wastewaer down the siok: put solids 18 the trash; wash hands- prevent leaks. Teacher Answer Key
» Pourwas
Success parudt:,and which remove color?
Cri!e:ﬁ‘ 'M-r ;\d"‘! %2 (D= dear, 5= 093‘\«) r solids (sui\,gliuur]. Activated chareoal cemoves most color and odor
s Clarity: Tur 5 - = ¥ ol
« Speed Filter 250 mL i 5 3 minutes. ;:'"::;iﬂ“;;“?
o Budges:Spend 2 $10 ol round layers. = charual. Gravel on top catches big debrls, sand captures smaller
+ stbilty: No leaks or DYPEss ) « bottom removes color fodor. Reversing order can clog or let coloe
Design Rationale (why did you choose this order?)
Whar dj sien improve?
1 adding or thickening charcoal increases contact time; adjusting 53 nd
and flow speed.
R“"Itss,,,,,'m'”””” .
iy 1 design produced the clparest water while staying under budget [$9). Evidence:
- T Best Lurbidiny «f from 4.5 to 1.5; 250 ml fltesed in 1105 no Yeaks, Reasoning: Gravel removed salids,
SEESSS | Besttione (33 + particles, and charcoal adsorbed dye molecules—demonstrating physical filtration and
Antalyg ! el dges increased contact timse and efficiency.
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B assroom Simulation) — Teacher Recipe

L Which fayer

trials.

32' How dig 1
© Why did

4. CER .
Claim {what
Evidence iy,

n):r erder affiey

T secn

and T 3¢cond g, ?

COMRC i, 3N improve or wars,
en re.

Wh,kh design is besyr
ot think); ’

Performancer

2-3L
ting mix: 2-3 tablespoons {adds realistic mu riiness)

rtietes?
ich re,
FERIOVed oty pryy
OVide evideneq paper confetti: small plnch (visualize particle trapping)

fray
o your seing: 56 drops [tint)
¢ oll (optional): 3 -5 ml [simulates an oll layer)

sults? Co,
nsider seals, floy !
Speed, lay, gor container with id

o7 thickness,
.3 1, water into the jug.
goil; aidd a small pitch of glitter.

Gi ire. JLoste g
*Aphing Tasic biased) and adsorgygon
L Fiod the iy fon (eharcoas). it 5-8 drops of food coloring; mix.
2 Addalt segper B fOF time nial: a ~1 tsp oil to Roat an top.
Avorage s 0 scures o o s 1 10-15 misutes before distributing.
3 Dotheume r of time g, trials, theg gy
Ainte: fi, = res) + vog divide by
Average vz o ‘r Version wy, (number of teansg) = W the tiumber o gaq, r.lipe
* Make a hye Sam of g scares) — = g s clear? Add a spoon of soll or a drop of brown foad coloring.
+ i A h
: Keaueds; Dm;*;h titled “Avorag, T,fﬂun.bcr.,g V2 tearms) o o opague? Let solids setsle and pour frorm the middle layer.
v Yeaxis “rston (Or, e by Desy, o e a separate cup of clean water to calibrate turbidity Fatings.
” Average 1y feinal, Rede B Version- " gt
" Braw ong pa f, sign) — reusing, Jet solids settle overnight; gently stir before use.
8 Labet T Version #

9 Adda
“Design vy

Your gry, 1 awe;

Bh: Weite TIge and
T-sentence e the ane
esion

bar for v,

exact y
VECARE Number gy

EMLian under ,
— hag the |,

W average time 1

* becauge

erston #2 a
ver:
& graphy, 0P 0 tach by age,
F {Found o iy

nearest g,



Skills Your Students
Will Learn/improve

L

@ Carrying out Controlled
Experiments

(/) Precise Measurement
@ Design and Redesign
@ Graphing Data

@ R

@ Analyzing Results




Your Lab

All steps are clearly

1. Plan — Sketch your filtration tower. Label layer order and thickness; total your costs (stay = $10). Trial Log

2. Build — Assemble layers in a cut bottle or funnel. Seal edges so water cannot bypass layers. Trial Time for 250 Turbidity (0-5) | Leaks? | Notes (color, odor,
3. Test — Pour 250 mL of dirty water. Start the timer as you pour. Record time, turbidity, and mlL (s) (Y/N) | clogs)

"
observations. Stop timer once all the water has passed through the filter.
4. Redesign — Change ONE thing (layer order, thickness, seal, or add charcoal). Test agai

5. Compare — Which design cleared the most for the least cost?

Original Design
6. Analyze — Complete the Analysis questions and write your CER.

Turbidity Rating (0-5 Visual Scale) Redesign
Level Description Visibility O 0 W

0 Crystal clear Easily see card lines/text through water What did you change in your redesign?
1 Slight haze Lines still clear
2 Noticeable cloudiness Lines faint but visible
3 Cloudy Lines barely visible Results Summary — -
¢ Very cloudy Lines invisible; light still passes u e n S C O e C a a Best turbidity Best time (s) Total spent ($)
5 Opaque | Looks solid; no light passes
Analysis Questions

1. Which layer(s) trapped the largest particles? Which removed color? Provide evidence from your

Materials Store & Budget (choose within $10) . - :
e in organized charts
Coffee filter $1 . How did layer order affect performance?

2

Sand, fine §2 3. Why did your second design improve or worsen results? Consider seals, flow speed, layer thickness,

Gravel $2 and contact time.

Activated charcoal $3 4, .CER - Which de?ign is best?

Cotton/Felt $1 Cla_lm (what you thmk)E —

Rubber band $1 Evidence (numbers): Time = s; Turbidity=___; Cost=8%___

Tape (30 ¢cm) $1 G h u Reasoning (science): Use filtration (size-based) and adsorption (charcoal).

E:tt::: funnel / 2-L Free r a p I n g draphing Task

1. Find the class average for time for the class.

EONLECENES [E310) 2. Add all teams’ time scores for both trials, then divide by the number of teams.
Planning & Design Average = (sum of time scores) ¢ (number of teams) = N =
Sketch your filtration tower (top = bottom). Label layer order and thickness; show where you will seal to 3. Do the same for Version #2.
prevent leaks. Average V2 = (sum of V2 scores) + (number of V2 teams) = + =

Make a bar graph titled “Average Time by Design Version.”

X-axis: Design Version (Original, Redesign)

Y-axis: Average Time (s)

Draw one bar for Version #1 average and one bar for Version #2 average.

. Label your graph: Write the exact average number on top of each bar (round to the nearest 0.1).
. Add a 1-sentence caption under the graph:
e I r a a a n raW “Design Version __ has the lower average time because
| |}

@ NG

Design Rationale (why did you choose this order?):

© Your Copyright Here



At School or at Home

iiiiii
1 B 1 B |

Word and PDF
versions of the lab

i
§ 1 ' |

1 1

| ; i | I

Fully digital and editable - can be
done In class or through distance
education/homeschool



Ways to Use this Resource

Introduce the Scientific
Method

Reinforce key ideas

(lean Water ona Budget— Filtration Engineering Challenge

Driving Question
How can we desipl alow-cast filtration syster® tha

TestoTes clarity?

T rETOVES yisthle comtam inants from dirty w

Loarning Targets
o Planand @y e
» Collectdatacd Aarity (rurbidityl:

i s gleeation {siee-nased) amat adeorp!
o Exphuin how physnt.\l filgration (5T ‘
. l:l:l: Clalm—Evmrnct»Reasonlng {CER) 0 [ustify the best design solution,

out a falr test o design and mprove 3 Water fijrer. '
fow time, and cost: compare designs.

Lo [:hal:aal) model real water we

-8 teams’ , )
M“l:““ ;}P‘:‘\"‘;“:“ﬁ bel:lzw)- rap water + soil, ¥ sl pineh of p,lmzr,’con{e\u. food coloring
»  Diry W y
fow ml ofvegetable oll
Cofles Glters
Sand (fine)

Geavel

Activated charcoal

» Cotton or felt it
Rutsher Drarls, WP (=30 cm per s

o Cut2:L bortles oF funnels, clear cupsfbeakers: 250 mh mca’}‘tﬁm
. S\upvmu:hes}plmﬂu-s. rarhidity cating card {0-5) narRers, S0

-

recials SWrE "
BF.‘;:::::!\,::I: §1i) i pretend money to BuY” materials. Record yun:lhz;cl; ‘i:\;::;\::?igc
return o EXcangs jtemos with teache? approval. s labeled bins 1 sl

Safely
« Wear gogglesat all vimes.
o Mo tasting: keeP fiquids awsy from eyes/skin

ity —ne splashing:
+ tandle charcoal and dycs B¢ y i the trash; weash hands.

» Pour wastewates down 1he sink; put solids

Ceitesia for Sueress

o Clariy T arbldivy 5210 dear, 5% apague).
o Spend: Filte 250mLins3 minwtes.

» Budget: gpend 5310 rotal

» Stability; No Jeuks or bypass around layers.

Procedure

w e

obiservaians. Stop timer once all the water has passed thraugh the filter.

*

Redesign — Change (OME thing {layer order, th ickness, sea

5. Compare — Which design deared the most for the least cost?
6. Analyze — Complete the Analysis questions and write your CER.

Tyrhldlly Rating (0-5 Visual Seale)
Level | Deseription
o Crystal cleag

| Stight haze
| Noticeable cloudiness
| Cloudy

Very cloudy

| ales|male

| Opague

Materials Store & Budget [choose within $10)

Itent Cost
| Coffee filter 51
Sand, fine 182
'_ Gravel 32
| Activated charcoal Is3
_l:auan,.chIu 51
| Fubber band I8t
| Tape (30 cm) $1
Botle funnel /2L | Free 1
bottle

TOTAL SPENT: §, (=§10)

Plapning & Design
skerch your filtration tower [rap —» bottam). Label lay
prevent leaks.

Design Ravionale (why didd you choose this order?)

[ visibility

Plan — Sketch your flltration 1OwWeT: Label fayer order and thickness; total your costs (stay 3 $10).
. Build — Assemble bayers in L cut bottle or funnel. Seal edges so
Test — Pour 250 mL of dirty water. Srart the timer a8 you pour.

water cannat bypass layers.
Record time, narbidiy, and

1, or add charcpal). Test again.

Easily see card lines/vext through water

: Lines still chear
| Lines faint but visible
| Lines parely visible

Lines invisible; light still passes

T Looks salid; no light passes
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[y | Subtotak
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Teach data analysis and
graphing

Formative or Summative

Assessment

Teacher Answer Key

ap large particies, and which remove eolor?
J trap laeger solids (soil, glitter). Activated charcoal remaves most color and odor
ye molecules and QFgANICS,
er order affect performance?
parse = fine =+ charceal, Gravel on top catches big debrls, sand captures smaller
reval neat the battom removes color, Jodor. Reversing arder can clog or let eolor

onidl designs aften inprove?
prevent bypass; adding or thickening charcoal inereases contact time; adjusting s ey
alances clarity and fow speed,
ple
1 design produced the clearest water while staying under budget ($9)- Evidence:
«d from 4.5 10 1.5: 250 mL filtered in 110 5 no leaks. Reasoning: Gravel removed solds,
» particles, and charcoal adsorbed dye molecules—demonstrating physical filtration and
ed edges increased contact tirne and efficiency.

Jassraom Simulation) — Teacher Recipe
2-3L
ting mix: 2-3 tablespaons (adds realistic murkiness)
paper confett; small pinch (visualize particle trapping)
yring; 5-8 draps (tint]
« ol {optional]: 3.5 ml (simulates an oil layer)
£ 07 containey with bid

.3 1, water into the [ug.
soil; add a small pincl of glitter.
Jith 5-8 deaps of food coloring: mix.
al: add ~1 tsp oil 10 float on top.
it 10-15 miniates before distributing.

x Tips
, clear? Add a spoon of soll o7 @ drap of brown faod coloring.
o apague? Let solids settle and pour from the middle bayer.
«p a separate up of clean water to calibrate trbldity ratings.
reusing, let solids settle overnight gently stir before use,

2
=




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.
e This Bundle includes my best STEM investigations—each STEM Investlgatlon
one built around true engineering design, fair testing, Growin g Bundle
repeated trials, data tables, graphing, and CER writing.  Eemrmmrrrm e e e v e
« STEM develops crucial skills like critical thinking and jﬁ‘szj{:;'z;“:;jicmpicsInclu o
creativity and prepares students for a changing world and
future opportunities.

oo

Tell me and | forget. Teach me and | | =0
remember. Involve me and | learn. - Cllck to
Benjamin Franklin

learn more!



https://www.teacherspayteachers.com/Product/STEM-Investigations-Growing-Bundle-Scientific-Method-Design-Data-CER-14577842

As a special bonus, 1 want to send you a few
resources that you can use in your classroom

tomorrow. Completely free and geared towards IwF
what you teach!

Just %&md then choose what you teach!
\

for your interest
in this resource! @ devon@teachwithfergy.com

Teach With § -
Fergy



https://teachsciencewithfergy.com/thank-you-resources/

