STEM INVESTIGATION

learn heredity u
Adaptations by Design - Extreme Environment Creature STEM Challenge b e e t I n g
Learning Targets e s -
« ldentify environmenta{ pressures in extreme o changing habitats. —_ B e e s

Design structural, pehavioral, and physinlcgical adaptations that address those pressures- P

L]
« Use I:'Laim—-E\lid.ence-Reasomng (CER) to justify how each adaptation supports survival.
o Determine and graph 2 gurvival Index for the class creatures.

CROLL

. to take a look Inside!

What you will turn in: 1)a labeled creature sketch (6-8 callouts), 2) 2 one-paragraph CER (6-8
sentences), 3) your gurvival Index table, and 4) one class bar graph with a 1-sentence caption.

partl- Creature Design and Explain

Materials

o Student worksheet with prompts and CER scaffold

« Drawing materials (paper. colored pencils, markers) or digital tools
« Graph paper

Suggested Timing

« Hook& environment reveal: 5-7 min

» Brainstorm pressures g build a trait pank: 8-10 min
+ Design* sketch & Jabels: 20-25 min

« CERdraft: 15-20 min

. Gallery walk & peer feedback: 10 min

Extreme Environments (choose one)

Hy‘pcr-Arid Dune Sea: 60 o days, freezing nights, abrasive sandstorms

« Acidic Mire: pH=3 swamps With fungal mats and acidic rune

. Storm-l.a-shed Coast: frequent surges, sprays high winds shifting sho relines
« Polar Methane Flats: sub-zero temps, thin 0,, methane fogs

« Ashen Hig‘n‘lands (Volcanic): ash fall, low nutrients, high UV exposure

Trait Bank - Use the word Bank below and/or outside research if needed.
Heat/Water: reflective scales, nasal urbinate filters, estivation, pocturnality, burrowing

Cold/Glare: counter-currem heat exchange dark dorsal jwhite yentral coats antifreeze proteins, fat layer,
low surface area/volume

Acid/Low Ca: pmtective mucus, chitinous plates, jon-selective pumps, calcium- gparing teeth
galt/Coast: salt glands, semi—permeab\e gkin plates, webbed claws / anchors, pictitating membrang
Sturm,anhility: tendon roe-locks, suction pads, prchensne tail, low-profile body, flexible spine

Low 0z/Gases: high- affinity hemoglobin, cutaneous gas-exchange patches, gas-w'lerant microbiome

word Bank

. Cuunter-current heat exchange: blood vessels next to each other keep heat in the body.
. Nlctitatl.ngmembrane: a clear *third eyelid” that protects the eye.

. Osmuregulation: keeping water and salt levels palanced.

. High-affinity hemoglobin: blood that grabs oxygen more easily.

. Uricacid excretion: thick paste-like urine that saves water.

. fon-regulating (salt) glands: organs that remove extra salt from the body-

. Counter-shading-. dark on top. light underneathi helps with camouflage.




HOW THIS LAB
WILL HELP YOU

>> Print-and-go setup

Procedure
1. Choose one environment Your teacher will ensure each environment 1s assigned to at least 1
. Cha group
tions by Design -~ Extreme Environment Creature STEM 2 Listits pressures (temperature, water, chemistry, light, terrain, predators/food). Use the Trait
Adaptati Bank and your science notes; you don’t need to be perfect—use reasonable science clues, not
fantasy.

Leammg[’fi!\'ﬂﬂs tal pressures in extreme oF changing habitats, N J— 3. Sketch and label your creature in that habitat. Add 6-8 callouts using this forman: Trait = Pressure
o ey o, behavioral, and T O ptations that address thost B/C ssures.

o Design steuctural, B0 » =

A -+ How it helps {28, “galt glands — salty spray = removes saj
supports survival Write your CER paragraph (6-8 sentences):
Claim: *Dur creature survives in

It to keep water balance™}.
CE! ] s A each ada ton
o Use (‘.an—tivulcnn-«Rc;mvmng (CER) 10 justity how each adaptatios

« Determin® and grapha gurvival index fot the class creaturess.

Ed

__because__"
cagraph CER (6~ - Evidence: Name 3-5 traits and the pressures they solve.
parageal

Reasoning: Explain the science idea (e.g, insulation, w
2 T 1.centence caption: = " : s ’

p . elass bar graph with a 1-sentenc connects the trait 1o survival
) =) your Survival Index table, and 4) one €lass

sentences), 3) your Surviva

What you will turn in: 1) alabeled creawre aketch (6-8 callouts), 2) 3 00 - er balance, gas exchange) that

suggested Timing )
o Hook® environment reveal: 5-7 mint

Trait Category Rating Why? (1-2 §

(-5}

trait/feature?)

tences). Provide evidence (which

Heat/Cold Tolerance
Prafnstor pressures & build a trait pank: 8-10 min

.
5! 5: 20-25 min
» Design+ >kc:cb & lahels’ U
o CERdraft: 15-20 min
o Gallery walk & peer feedback: 10 min

5. Score your Survival Index (1-5 ineach row) and give a short reasor in the table.
= esign and Explain 6, Class data = bat graph. Add yous team’s total to the class table, Compute each environment's
. l:f:!:ialcs“'“““ Desy average and make the bar graph {see steps below).
al -ER scaffold
G pet with prompt: and CER scal .
+ ‘Scodels wm’tﬁ;“\';s (papc‘r, colored pentils, markers) 0T digital taols part 2 - Creature Survival Index
r O C . 2(3\\’)\“5\‘;“"3r Rate your creature on each category from 1 {poor)to 5 (excellent) and justify briefly.
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Teacher Guide: setup, safet
. . ’ y’
pacing, and background science. What you get

Student Packet: clear, step-by- Inside
step setup and timing

. Choose one environment. Your teacher will ensure each environment 1s assigned to at least 1
" ha group-

Extreme Environment Creature STEM C . Listits pressures (temperature, water, chemistry, light, terrain, predators/food). Use the Trait
Bank and your science notes; you don’t need to be perfect—use reasonable science clues, not
fantasy.

]

Adaptations by Design -

Leaming'l'iﬂlﬂsnmmn\ pressures in extreme of Sketch and label your creature in that habitat. Add 6-8 callouts using this formar: Trait —+ Pressure
. ‘g:;:;[\ys:::’:::n\ he\:au'inml.nnd phvsio!ogim\ adaprations that add — How it helps {e.g, "Salt glands = salty spray = remaves salt to keep water balance”}.

| |
| i gurvival <
. > wtify each adaptation supports survivah 4. Write your CER paragraph (6-B sentences):
7 cvh . _neasoning (CER} 1@ justity how each ) semte .
| | . Use (',\.)\m—[‘.\Ndﬂ‘\"“’l ‘:‘Z‘;i‘ivﬁ Ende: for the class ereatures. s Claim: Our creature survives in __ because
« Determing and grapha® - xgr:lph CER (6 o Evidence: Name 3-5 traits and the pressures they solve.
p oh (68 €2 g), 2) & one-pass - o Reasoning: EX Jain the science idea (& insulation, water balanc hange) th
a 3 a labeled creature skerch (6 8 callowts), 2) L £ Exp! i 'y ion, + balance, gas exchange) that
n a t a Whas you)w;;I !:T;:n},},‘:\‘f‘:.;}i‘;b\: and 4) one class bar graph with 3 L-sentence CapUion: connects the trait 1o survival
sentences), 3) you » g

changing habitats.

w

yess those pressures.

3 Slt‘orc your Survival [ndex (1-5 in each row) and give a short reason in the table.
and Explain . Class data — bat' graph. Add yous team’s total to the class table. Compute each environment's
part 1 - Creature Design P average and make the bar graph {see steps below).

oo

Materials .
« Student worksheet with prompts and CER scaffold

L Drawing materials (paper: colored pencils, markers) or dightal taols part 2 - Creature Survival (ndex

ape Rate your creature on each CHEEOrY from 1 {poor) to 5 (excellent) and justify briefly.
8 [GPRERES Trait Category Rating Why? (1-2 sentences), Provide evidence (which
[ sted Timing L 1 {1-5) i trait/feature?)
ugRe .
. “ﬁook & environment reveal: 5-7 m‘m P Heat/Cold Tolerance
« Brainstorm pressures & build a trait pank: 8-10m
]

i +20-25 min ‘
» Design* sketeh & {ahels: 2 S
o CERdraft: 15-20 min

o Gallery walk & peer feedback: 10 min
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ghest average: Storm-Lashed Coast—maoderate temps and multiple food sources despite storms.
Jwest average: Polar Methane Flats—low Oxygen. freezing temps, methane exposure.

lechanism example (Water Efficiency 5/5): water reservoirs + reduced sweat + uric acid excretion
ainimizes water loss.

Migration tweak: From Dune Sea — Acidic Mire: add acid-resistant mucus and fon-regulating glands,

- -



Skills Your Students
Will Learn/improve

@ Carrying out Controlled
Experiments

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

@ R

@ Analyzing Results




Your Lab

Procedure
1. Choose one environment. Your teacher will ensure each environment is assigned to at least 1
group.

2. Listits pressures (temperature, water, chemistry, light, terrain, predators/food). Use the Trait

Bank and your science notes; you don't need to be perfect—use reasonable science cl
fantasy.
3. Sketch and label your creature in that habitat. Add 6-8 callouts using this format:
— How it helps (e.g., “Salt glands — salty spray — removes salt to keep water balance”).
4. Write your CER paragraph (6-8 sentences):
o Claim: “Our creature survives in __ because __.
o Evidence: Name 3-5 traits and the pressures they solve.
o Reasoning: Explain the science idea (e.g, insulation, water balance, gas exchange) that
connects the trait to survival.
5. Score your Survival Index (1-5 in each row) and give a short reason in the table.
6. Class data — bar graph. Add your team'’s total to the class table. Compute each environment’s
average and make the bar graph (see steps below).

s, not

"

Part 2 - Creature Survival Index
Rate your creature on each category from 1 (poor) to 5 (excellent) and justify briefly.

Trait Category Rating Why? (1-2 sentences). Provide evidence (which
(1-5) trait/feature?)

Heat/Cold Tolerance

Water Efficiency

Food Flexibility

Defense Mechanisms

Camouflage/Stealth

Class Data Table

Add up your five category ratings (1-5) for your creature to get a Total Survival Score out of 25.
Environment Creature Name Team Total Survival

Score (0-25)

All steps are clearly
outlined and easy to
follow

Students collect data
in organized charts

Graphing

Students analyze
their data and draw
conclusions

Graphing Task

1. Create a bar graph titled “Class Average Survival Score by Environment.”
* For each environment, add all teams’ Total Survival Scores within each environment.
+ Divide by the number of teams for that environment to get the average.

2. Plot the averages; title and label axes; write a 1-sentence caption: “__ has the highest average
because "
s X-axis: Environment Y-axis: Average Survival Score (0-25).

3. Add a one-sentence caption explaining which environment appears most/least survivable and
why.

Answer the Following
1. Which environment had the HIGHEST average Survival Score on your class bar graph? Cite one
specific reason from class creature designs that helps explain why it scored highest (e.g., resource
availability, defenses, or temperature).

2. Which environment had the LOWEST average Survival Score? Identify TWO key environmental
pressures that make survival hard there and explain briefly.
Pressure #1 and why:
Pressure #2 and why:

3. Mechanism Example (Water Efficiency 5/5): Choose a creature that earned 5/5 for Water
Efficiency. Describe TWO specific mechanisms it uses to reduce water loss and explain how each
mechanism works.

Mechanism 1 [what + how it reduces water loss):
Mechanism 2 (what + how it reduces water loss):

4, Migration Tweak: If a top-scoring creature from the Hyper-Arid Dune Sea had to move to the
Acidic Mire, what TWO adaptation changes would you add or modify so it can survive? Explain
how each helps under acidic, wet conditions.

Adaptation change #1 (what + why it helps in Acidic Mire):
Adaptation change #2 (what + why it helps in Acidic Mire):

© Your Copyright Here



At School or at Home
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Word and PDF
versions of the lab
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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

Beetle Genetics Tnvestigation: Punnett Squares & Traits

ility, and a 8t
!l“::‘c’:\ﬁmdlqwlth heetles: alleles, Funnett SQUATES, genotype,\'phc—nutype‘ probal Iy,
cross.

Objectives . )
t“tr;i‘:l:fcmi;aw BQHUW Vi phcnnlypc; rlnmmanlhvs \:Wsﬂr‘l;;“lus
« Use Punnett squares peedict genotype and phen g:\:\ =
« Caloulate expected pmhahihhes and compare 10 o0
« Extendtod dihybrid cooss (halb= AaBb).

« Write ashort CER using resulis.

(monahybdd].

?“;rri‘::d Parent GenetyPe Cards {Afa BN e, DILE) = we decks
»  Student packet {Punnett grids. and ratio tahles)

« Colored pnncu\sjmnrkm

o Scissors rape/piue

Teacher ‘ il
g e s se), Offspring receive one allele from cach pa

g i ateles dominant/ recessive). QTSR £ TeE e s
a:\:::rr:zr::sn::\:;r:bin;ﬁnns and ratias. probability duscribes chants per offspring:

5

from expectations.

es
':Ir::gependem Yariable: Parent genotypes {allele pairs ch_osen).

i ] i henotype raties.
endent Variable: Offspring gcnalypc.fp y > .
: 23\:;\&4 yariables; Damiaance rules, list of traits: consistent procedurt:

33 dent &
A ac:ing‘::::;sp:ize-;“pmmme 3:1; AaBb « Aallb = phenmypc‘?.}.ﬂ.l {independet
a % s2:1,
Imp\cmmnatlnn Notes . . ——
4=5 traits; heginwitha single monoRyoT: -
: z:iu‘:rlenls draw Parent 1 and Parent 2 from each gene deck {A-E)

rierns.
« Reguire labeled grids. cavios, and CER; share-0utto compare pab

n ideas
‘.m:\':i:::m moomp\ete-dnm\mm:e trait with three phenotypes:

« Coinflip allele model 10 viswalize sampling er¥or:
+ introduce pedigrees after Punnett mastery-

Teacher Nates an Common pitfalis and F\xes( o boxviale
o Confusing gtnulypc! phenotype — kivop a Tefere % “;w

o Unlabeled alieles o0 grid edges model an cxahm ph e's 3

o Treating ratics as guaranLees = emphasize pro abiliny.

Analysis Questions KEY

pmpwNe

. Genotype vs phenotype: genotype = aliele combo; phenotype = observable trait.

Dominant vs recessive: dominant shows with one copy; recessive needs two.
Example Aa x 3a: genotype 1:1; phenotype 1 dominant : 1 recessive.

75% not guaranteed: each offspring is an independent event: small samples vary.
Beyond simple d inance: plete i traits.
CER — Model Answer (Trait A: Shell Color)

Clabm: When Parent 115 Aa and Parent 2 is a3, abot half of the offspring will bave dark shells and half
wilt have light shells.

Evidence: The Punnett square for Aa x aa shows 2 of & boxes = Aa and 2 of & boxes = 2d. That's 50%
dark (A_) and 50% light (aa).

Reasoning: Each parent passcs one allele at randam to the offspring Als dominant, so Aa looks dark.a
is recessive, so only aa joaks light. Because the cross makes Aa and a2 equally often, the genotypes
Jead to 2 5050 split in phenotypes.

Answer Key and Sample Results

Tralt [ Example Cross Expected Ratios

A - Shell Color Apxaa Genotype 1:1; Phenotype 1
dark: Llight

B - Antennae | Bb * B T Genatype 1:2:1; Phenotype 3

Jong: 1 short

€~ Elytra Pattern TCexee | Genotype 1:1; Phenatype 1
spotted ; 1 solid
[ - Leg Spines Dd x dd | Genotype 1:1: Phenotype 1
spines: 1 no spines
E - Eye Color EexEe | Genotype 1:2:1; Phenotype 3
red : 1 browa

Tving g
uestion B,
w o pyg eetle ¢,
Parent gengrypes r. enetics STpy Investigay,
igation:

l 0
- € trait ang explain why,

endent Var, |

able :
| Describe 1,

: ‘ far Th

i zart:m gtnotypcsk lnvrxugimm

l | or cac {(allele Pairs draw,

e Dffspring £eno) =

| 2n YPe ang Phenar,
= {
: [[::r:l BINCE rufes; toy =
— s it list; pry
/ . -~ el Procedure
Zalor e
nt

‘?l‘ Length Bk Ufw'Pw

altern n
nes
w

: ]
TR s
e snckap s \;{ ‘g('ne'h Wini-decy. 4,

B-‘am‘.pu-cmt . = draw one for o

s for one g
Tt ReNe (g, arent 14
Cecards 2l the A-c ards) nd ana fgr Parene2

BB CC pp
bb

[m[=lel= =z

et

1w parenat cards, build a Punnett square, Gl genatypes. determine phenatypes,

henotype ratios. Then complete the dihybrid challenge for A & B.

- Punnett Square

[ P2 allele Tpzallele

— Wlenulypt‘r.llid:
th (B/b) - Punnett Square

%

[ p2allele | P2 allebe
le
de {
___ Phenotype ratio:
= (C/c) - Punnett Square
—— ——
| P2 allele | P2 allele
dele 1
ele }
o Phenotype ratio:
5 [D/d) - Punnett Square
_——’_—— T
| p2allele | P2 allele
1 allele ||
1 allele }
L Pheaotype ratio:
or (E/e) - Punnelt Square
B T e
|p2 allete | p2allele
Pl allele 1
P aliele |
sratio: . Pheootype L L —

AChallenge — A & 8 Together
& the 44 Punnett Square for AaBh = AaBb.

| P2 gamete | P2 gamete | B2 gamete | PZ gamete
P1 gamete
P1 gamete
P1 gamete
P1 gamete

atype groups: A, B | Abb}aaB. | aabb
icted ratio: 3 2
mary Table {Monohybrid Results)
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Teach data analysis and
graphing

Formative or Summative
Assessment
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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/

