


 
 
T h a n k  y o u  f o r  y o u r  p u r c h a s e !  P l e a s e  a d h e r e  t o  t h e  
t e r m s  o f  u s e ,  a n d  r e a c h  o u t  i f  y o u  h a v e  q u e s t i o n s .  
 
A  s i n g l e  p u r c h a s e  e n t i t l e s  o n e  t e a c h e r  t o  u s e  t h e  
p r o d u c t  i n  h i s / h e r  c l a s s r o o m .  T h i s  p r o d u c t  m a y  n o t  b e  
c o p i e d  o r  d i s t r i b u t e d  o u t s i d e  t h e  s c o p e  o f  y o u r  
c l a s s r o o m .  I f  y o u  i n t e n d  t o  s h a r e  w i t h  o t h e r  
e d u c a t o r s ,  p l e a s e  p u r c h a s e  a d d i t i o n a l  l i c e n s e s  a t  a  
d i s c o u n t  ( a v a i l a b l e  u n d e r  “ M y  P u r c h a s e s ”  a t  T e a c h e r s  
P a y  T e a c h e r s ) .   
 
T h i s  p r o d u c t  m a y  n o t  b e  u p l o a d e d  t o  o r  s t o r e d  i n  a  
p u b l i c  r e t r i e v a l  s y s t e m .  T h e  G o o g l e  s l i d e  t e m p l a t e s  
i n c l u d e d  i n  t h i s  r e s o u r c e  m a y  n o t  b e  u s e d  t o  c r e a t e  
s o m e t h i n g  n e w  a n d / o r  d i s t r i b u t e d  i n  a n y  w a y  w i t h o u t  
w r i t t e n  c o n s e n t  f r o m  t h e  a u t h o r ,  K e r r y  T r a c y .  I f  y o u  
h a v e  a n y  q u e s t i o n s  r e g a r d i n g  w h a t  y o u  c a n  o r  c a n ’ t  d o ,  
p l e a s e  j u s t  a s k !  I ’ m  f r i e n d l y !  J   
 
I  l o o k  f o r w a r d  t o  y o u r  f e e d b a c k .  I f  y o u  h a v e  
q u e s t i o n s  o r  s u g g e s t i o n s ,  p l e a s e  d o  n o t  h e s i t a t e  t o  
c o n t a c t  m e  t h r o u g h  a n y  o r  a l l  o f  t h e  l i n k s  b e l o w :  

 
 
 
 
 
 
 
 

Thanks &  

happy teach
ing !  

 

~ Kerry 
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CLICK HERE TO GO STRAIGHT  
TO THE  MASTER FILE IN  

GOOGLE SLIDES. 
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Google	file:	
	
	

http://www.teacherspayteachers.com/Store/Kerry-Tracy
https://docs.google.com/presentation/d/1HtfW4HD-LJhgfZIahGpEg8NigAjPviAiLECeW-dNWjk/copy


GETTING STARTED 
1.  Your students will need their own Google accounts 

to access the file in Google slides. If you need help 
setting up Google Classroom, search for how-to 
videos on YouTube.  I found this one helpful, but 
there are plenty to choose from! 

2.  Review the Teacher Tips for this challenge in the 
following pages. 

3.  Create a copy of the master Google Slides file. 
Rename this file “Teacher” or “Master” copy. There 
is a video on slide 1 that provides a quick 
explanation of the file contents/layout. 

4.  Create a second copy of the file for your students.  
This way, you always have a master copy with all 
the slides available. In the student file, delete any 
pages you don’t wish to have students complete, or 
consider breaking the large file into smaller chunks 
(Day 1, Day 2, etc.) prior to sharing the file with 
your class. 

 

h:ps://
www.youtube.com/
watch?v=Yiu3dBeSI_A	

Google	file:	
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Apple Annihilator Materials 
Select	from	the	list.	Materials	can	be	purchased	at	you	local	dollar	store	or	Target/Wal-
Mart,	etc.	Make	sure	students	have	an	equal	amount	of	each	material	provided.			
	

•  For	each	student	or	group:	
–  Set	of	markers	(10)	

•  Markers	will	be	used	like	bowling	pins,	so	must	stand	on	their	own.	Crayola	or	
broad	highlighters	work	well.	

–  Apple	(1)	
–  Pocket	folder	with	prongs	(1)	

•  File	folder	or	pocket	folder	without	prongs	may	be	subsTtuted	
–  Small	or	medium	binder	clips	(1	–	2)	
–  Unsharpened	pencils	(4	–	6)	
–  Tape	(24	–	36	in.)	
–  String	or	yarn	(36	–	48	in.)	
–  Ruler		
–  Scissors	
–  Design	analysis	slides		
–  Marker	“bowling	pin”	handouts	(included)	
–  Op2onal	

•  Cardboard	boxes,	tubes,	or	scraps	(helpful	in	building	a	support	structure	and	
base	for	the	wrecking	ball	rather	than	a:aching	to	desk/table)	

•  Cra`	sTcks	
•  Pipe	cleaners	
•  Dowels	
•  Rubber	bands	
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Vid eo  Walk -Through  
hZps://www.youtube.com/
playlist?
list=PLEJiwhQ5A_CHOtbM2ddZClW
SB4Ao6Ra4P	
	
	
	

The	image	below	is	linked	to	a	video	walk-through	of	the	
challenge.		For	more	Back-to-School	STEM	challenges,	check	out	

the	Back-to-School	video	playlist.	

http://www.teacherspayteachers.com/Store/Kerry-Tracy
https://www.youtube.com/playlist?list=PLEJiwhQ5A_CHOtbM2ddZClWSB4Ao6Ra4P
https://www.teacherspayteachers.com/Product/Back-to-School-STEM-Challenge-Apple-Annihilator-Video-3224584


Note to Teachers
The	beauty	of	STEM	Challenges	is	that	they	are	open-ended	and	require	cri;cal	thinking	and	
problem-solving.	This	is	why	we	don’t	give	students	direc;ons	to	build	a	specific	design.	In	
keeping	with	the	engineering	design	process,	a	criteria	&	constraints	list	is	provided	to	give	
students	a	framework	of	the	design	problem	and	goal.	How	they	choose	to	address	the	problem	
and	goal	is	en;rely	up	to	them.	

You	can	tailor	the	challenge	to	your	students’	needs	using	the	editable	list	provided,	but	don’t	
make	it	too	easy!	Be	bold	and	embrace	the	challenge	–	it’s	in	the	;tle	aJer	all!	Understand	that	
the	poten;al	to	fail	is	an	inherent	risk,	and	in	fact,	when	you’re	prepared	for	that	possibility,	a	
“failure”	can	turn	into	a	far	richer	lesson	than	a	success.	Check	out	the	first	video	linked	below	for	
more	on	what	you	can	do	to	prepare	for	–	and	even	look	forward	to	–	a	poten;al	“fail”!	
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Videos	&	PD	
Video	is	such	an	effec;ve	way	to	share	;ps	and	examples	for	running	fantas;c	STEM	Challenges!	
I’ve	linked	a	few	below	to	help	get	you	started	and	cover	some	troubleshoo;ng	topics	as	well.		

You can also find 
my full video 

library & newest 
PD on:  

If you have any 
questions, please 
feel free to reach 

out via email or 
social media! 

https://www.youtube.com/watch?v=DYuzpM2iX9w&list=PLEJiwhQ5A_CGhGnhHz-z5e9tO7TPzTf8r&index=2
https://www.youtube.com/watch?v=JuQXiWslhXM&index=1&list=PLEJiwhQ5A_CGhGnhHz-z5e9tO7TPzTf8r
https://www.youtube.com/watch?v=ZbR0gSQqD0o&list=PLEJiwhQ5A_CGhGnhHz-z5e9tO7TPzTf8r&index=3
https://www.youtube.com/watch?v=0UL1GBcbduo&index=14&list=PLEJiwhQ5A_CGhGnhHz-z5e9tO7TPzTf8r
https://www.youtube.com/watch?v=qWGq97wvhAw&list=PLEJiwhQ5A_CGhGnhHz-z5e9tO7TPzTf8r&index=15
https://www.youtube.com/watch?v=7JCI4qVzd5s&list=PLEJiwhQ5A_CGhGnhHz-z5e9tO7TPzTf8r&index=19
https://www.youtube.com/watch?v=VPAI8RyIus0&index=21&list=PLEJiwhQ5A_CGhGnhHz-z5e9tO7TPzTf8r
https://www.youtube.com/watch?v=5MtSpwDQqBI&list=PLEJiwhQ5A_CGhGnhHz-z5e9tO7TPzTf8r&index=23
https://www.youtube.com/c/FeelGoodTeaching
https://www.facebook.com/feelgoodteaching/
https://www.stemchallenge.com/pd/
mailto:kerry@feelgoodteaching.com


Apple Annihilator Teacher Tips (pg. 1 of 5) 

•  Premise	
–  In	partners/groups,	students	will	design	and	build	an	apple	wrecking	ball	to	annihilate	

a	set	of	markers!	
•  Students	will	set	up	marker	“bowling	pins”	and	try	to	knock	down	as	many	as	possible	using	

their	apple	wrecking	ball	designs.	

–  Plan	to	give	students	approximately	40	min.	to	design,	10	–	15	min.	to	measure	and	
share	results,	and	10	–	15	to	complete	design	analysis	slides.	AddiTonal	Tme	will	be	
needed	if	you	are	assigning	extension	acTviTes.	

•  Note:	If	you	are	new	to	STEM	challenges,	you	may	wish	to	schedule	90	minutes	so	you	have	
ample	Tme	for	discussion	and	analysis.		

	

•  Set	up	
–  Watch	the	challenge	walk	through	video.	If	you	are	new	to	STEM	Challenges,	you	may	

also	want	to	view	one	or	more	of	the	videos	on	the	previous	page.	
–  Students	can	either	build	on	the	floor,	desks,	or,	for	more	flexibility,	you	may	want	to	

provide	a	cardboard	base	as	a	foundaTon	(see	cover	photo).	
–  If	you	have	purchased	this	challenge	as	part	of	the	5-in-1	bundle	(or	if	you	separately	

purchased	“Apples	Alo`”),	you	may	wish	to	use	the	wrecking	ball	designs	created	here	
to	knock	down	the	towers	created	in	Apples	Alo`.	If	you	decide	to	do	that,	you	will	
either	need	to	require	the	towers	or	wrecking	balls	be	portable	or	storable	
(depending	on	which	challenge	is	conducted	first),	or	you	will	need	to	conduct	the	two	
challenges	back-to-back.	

–  Review	the	Criteria	&	Constraints	List	provided	and	decide	if	you	will	make	any	
modificaTons	ahead	of	Tme.	

	

•  Criteria/Constraints	
–  The	Criteria	&	Constraints	List	slide	provided	is	editable.			
–  Increase	or	decrease	the	Tme	as	needed.	
–  For	younger	students,	you	might	want	to	provide	extra	tape	and/or	allow	them	to	use	

one	hand	to	support/steady	the	wrecking	ball	design	when	tesTng	(constraint	listed	
doesn’t	allow	them	to	touch	any	part	other	than	the	apple).	

–  Ideas	to	increase	the	difficulty	of	the	challenge:	
•  Add	a	criterion	that	the	enTre	design	must	be	portable.	
•  Add	a	constraint	that	the	design	may	not	be	taped	down	to	the	desk/floor.	
•  Increase	the	required	distance	between	the	wrecking	ball	and	pins	handout.	
•  Add	a	criterion	to	test	for	accuracy	(In	addiTon	to	total	annihilaTon).			

–  Set	up	3	pins	(two	versions	of	this	handout	are	provided).	Have	students	aim	to	knock	
down	only	one	pin.	You	can	either	direct	them	which	one(s)	or	allow	them	to	choose.	

h:ps://
www.teacherspayteachers.com/
Product/Back-to-School-STEM-
Challenge-Apples-Alo`-11-
PAPERLESS-3226932	
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Apple Annihilator Teacher Tips (pg. 2 of 5) 

•  Measuring	Results	
–  Students	should	verify	they	have	met	all	listed	criteria/constraints.	
–  The	design	analysis	slides	provide	two	opTons	for	measuring	results:	AnnihilaTon	&	

Accuracy	
•  If	students	are	not	conducTng	both	tests,	simply	have	them	type	“NA”	for	the	test	they	

will	not	conduct.		
•  Three	opTonal,	printable	bowling	pin	handouts	are	provided	to	serve	as	a	student	

guide	for	seqng	up	their	markers.	While	it	isn’t	necessary	to	print	these	guides,	it	does	
tend	to	speed	up	the	tesTng	process.	AlternaTvely,	there	are	student	direcTon	slides	
provided	in	the	Google	file.	

–  Students	will	set	up	the	marker	bowling	pins	at	least	2	inches	from	the	hanging	apple.	

	

	

–  	Students	will	release	the	wrecking	ball	from	an	angle	of	their	choosing,	however,	the	
release	point	may	not	be	higher	than	the	tallest	point	in	their	design.	See	below.	

	

	
–  On	the	design	analysis	slides,	students	will	note	how	many	pins	were	knocked	down	

out	of	the	total	(e.g.	7/10).		Allow	each	student	in	the	group	to	set	up	and	release	at	
least	once.	Direct	students	to	record	either	the	best	score	or	average	team	score.	

–  If	you	added	an	accuracy	criterion,	students	can	use	either	of	the	3-pin	handouts	to	
test.	Have	students	aim	for	just	one	pin	for	four	separate	releases	and	record	their	
success	rate	on	the	design	analysis	slides	as	a	percentage	or	fracTon.	A	successful	
release	is	hiqng	only	the	intended	pin.	

•  Example:	Release	1,	two	pins	were	hit	(fail).	Release	2,	one	pin	was	hit,	but	not	the	one	
intended	(fail).	Releases	3	and	4	successfully	hit	intended	pins.	Accuracy	=	2/4	or	50%.	

	

Measure	at	least	two	
inches	from	the	edge	of	
the	hanging	apple	to	the	

bo:om	edge	of	the	
bowling	pin	handout.	

OK	 NOT	OK	
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Apple Annihilator Teacher Tips (pg. 3 of 5) 

•  Post-Design	Op2ons	
–  Design	analysis	&	discussion	quesTons		
–  Re-design	and	re-test	(consider	incorporaTng	new,	student-suggested	materials)	
–  Extension	acTviTes	

•  This	challenge	is	a	natural	engagement	acTvity	for	NGSS	standards	on	forces	&	
interacTons	(3rd	grade:	3-PS2-1,	5th	grade:	5-PS2-1,	Middle	School:	MS-PS2-1	
and	PS2-2).	Watch	these	video	clips	to	introduce	Newton’s	Laws	of	MoTon.	
(Note:	If	you	also	own	the	Apple	Ally	challenge,	beyond	the	first	video,	this	is	a	
unique	list.)	

–  Newton’s	Laws	of	MoTon	~	4	min.	(3rd	–	8th)	
–  Newton’s	Laws	Song		~	2	min.	(3rd	–	6th)	
–  Newton’s	Laws	Song	2	~	4	min.	(4th	–	8th)	
–  Newton’s	Laws	of	MoTon	&	Forces	~	12	min.	(5th	–	8th)	
–  Newton’s	Laws	Rap	~	3	min.	(6th	–	8th)	

»  Note:	This	is	a	saTrical	take	on	rap	videos.	At	2:13,	there	is	a	brief	
close	up	where	the	rapper	grabs	himself,	so	you	may	find	this	
video	inappropriate	for	your	students.	

–  Newton’s	Laws	of	MoTon	(advanced)	~	11	min.	(8th	+)	
–  Newton’s	First	Law:	Mass	&	InerTa	~	6	min.	(8th+)	
–  Newton’s	Second	Law:	F=ma	~	4	min.	(8th+)	
–  Newton’s	Third	Law:	AcTon	&	ReacTon		~	5	min.	(8th+)	
–  Epic	Rap	Ba:les:	Isaac	Newton	vs.	Bill	Nye	~	3	min.	(8th+)	

»  Note:	This	is	a	saTrical	take	on	rap	videos.	Watch	before	showing	
your	students	as	you	may	find	some	content	inappropriate.	

•  Wrecking	Ball	/	Newton’s	Cradle	/	ConservaTon	of	Energy	Videos	
–  Wrecking	Ball	Video	~1	min.	(2nd	–	8th)	
–  Wrecking	Ball	Demo/ConservaTon	of	Energy		~	2	min.	(3rd	–	5th)	
–  High-speed	Newton’s	Cradle	~	2	min.	(3rd	–	8th)	
–  Mythbusters	Season	11,	episode	2	~	50	min.	(5th	–	8th)	

»  If	you	don’t	have	Hulu	or	Nexlix	DVD,	short	excerpt	clips	are	
available	on	YouTube,	and	you	can	also	purchase	the	full	episode	
on	YouTube.	

–  ConservaTon	of	Energy:	Free	Fall,	Springs,	&	Pendulums	~	5	min.	(8th+)	

Newton’	
h:ps://www.youtube.com/watch?v=JGO_zDWmkvk	
	
Song		
h:ps://www.youtube.com/watch?v=yUp4W9htmuY	
	
	
Song	2	
h:ps://www.youtube.com/watch?
v=okCCGxWs_L8&t=10s	
	
	
12	min	vid	
h:ps://www.youtube.com/watch?v=NYVMlmL0BPQ	
	
Rap	
h:ps://www.youtube.com/watch?v=InowSJ1904M	
	
Newton’s	Laws	8th+	
h:ps://www.youtube.com/watch?v=kKKM8Y-
u7ds&t=160s	
	
High	school	law	1	
h:ps://www.youtube.com/watch?v=1XSyyjcEHo0	
	
	
HS	law	2	4	min	
h:ps://www.youtube.com/watch?v=xzA6IBWUEDE	
	
HS	law	3	–	5	min.	
h:ps://www.youtube.com/watch?v=y61_VPKH2B4	
	
	
	
Epic	ba:les	
h:ps://www.youtube.com/watch?v=8yis7GzlXNM	
	
	
	
	
	

Wrecking	ball	video	
h:ps://safeshare.tv/x/olaxrCNyuq	
	
Wrecking	ball	demo	
h:ps://www.youtube.com/watch?v=09x_UZ-BtF8	
	
High	speed	camera	
h:ps://www.youtube.com/watch?v=7qPvmYbfM6I	
	
Myhbusters:	
h:ps://www.hulu.com/watch/698129#i0,p0,s11,d0	
	
	
	
Myth:YT	PURCHASE	
h:ps://www.youtube.com/watch?v=GdSGjlsqOC0	
	
	
	
	
h:ps://www.youtube.com/watch?v=OuA-znVMY3I	
	
	
	
	
HS:	ConservaTon	of	Energy		
h:ps://www.youtube.com/watch?v=OTK9JrKC6EY	
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Note:	One	slide	per	video	is	included	in	the	student	slides	with	its	link,	so	
you	can	easily	assign	to	students.	
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Apple Annihilator Teacher Tips (pg. 4 of 5) 

•  Post-Design	Op2ons	
–  Extension	acTviTes	(conTnued)	

•  Ask	students	how	Newton’s	Laws	of	MoTon	can	be	applied	to	what	they	see	
happening	in	this	challenge.	This	could	be	quite	challenging	for	students!	Urge	
them	to	uncover	what	is	confusing	them	and	what	they	need	to	research	to	
clarify	their	understanding.		Then	be	sure	to	give	them	Tme	to	conduct	inquiry/
research	and	share	their	findings.	

»  Example:	When	the	apple	hits	the	markers,	the	apple	and	markers	
apply	equal	forces	upon	each	other	in	opposite	direcTons	
(Newton’s	3rd	law).		

•  Although	the	forces	applied	are	equal	and	opposite,	the	
markers	appear	to	have	a	bigger	reacTon.	The	markers’	
force	applied	to	the	apple	didn’t	seem	to	change	its	course	
at	all,	while	the	apple’s	force	applied	to	the	markers	sends	
the	markers	flying.	Why?		

•  This	is	due	to	the	second	law:	F=MA.	The	forces	
applied	to	the	apple	and	marker	are	equal,	but	their	
masses	are	different.	The	apple’s	greater	mass	
makes	its	acceleraTon	in	the	opposite	direcTon	
negligible,	while	the	markers’	smaller	mass	causes	
them	to	accelerate	more	noTceably.		

»  Teacher	Tip:	Don’t	be	afraid	to	admit	you	don’t	know	the	answers	
to	student	quesEons,	if	you	don’t.	Don’t	panic!	View	it	as	an	
opportunity		to	model	the	inquiry	and	problem-solving	process	by	
thinking	aloud.	State	what	you	do	understand,	what	you	wonder	or	
what	is	unclear,	and	what	you	would	do	to	find	out.		Consider	
using	a	concept/quesEon	bulleEn	board	or	document	to	track	class	
progress.		

•  When	we	react	to	not	knowing	with	fear,	disinterest,	or	
avoidance,	we	teach	students	they	should	be	embarrassed	
when	they	don’t	know	something	and	try	to	hide	it.	Always	
take	the	chance	to	show	yourself	as	an	imperfect,	lifelong	
learner	with	a	growth	mindset	and	an	abundance	of	
curiosity.				

•  Conduct	a	series	of	pendulum	experiments	to	determine	how	changes	to	
weight,	angle	of	release,	and	string	length	impact	the	number	of	oscillaTons.		

–  If	you	teach	5th	–	8th,	you	might	find	this	Analyze	&	Interpret	Data	Unit	
helpful	here.	

	
h:ps://explorable.com/pendulum-experiment	
	
	
h:ps://www.teacherspayteachers.com/Product/Analyze-
and-Interpret-Data-Unit-197722	
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Apple Annihilator Teacher Tips (pg. 5 of 5) 

•  Post-Design	Op2ons	
–  Extension	acTviTes	(conTnued)	

•  Close	read	one	or	more	arTcles.		
–  Wrecking	Balls.	(The	arTcle	returned	a	Flesch-Kincaid	reading	grade	level	

of	10.2,	but	I	would	be	comfortable	using	it	with	7th	and	8th	graders	who	
are	reading	on	grade-level.)		When	they	are	finished,	have	students	
create	a	pros	and	cons	list	for	the	use	of	wrecking	balls	in	construcTon.	

»  Note:	Be	aware	that	there	is	a	line	that	wrecking	balls	make	“a	hell	
of	a	mess”	in	the	paragraph	under	the	close-up	photo	of	a	
wrecking	ball	and	brick	wall,	so	you	might	desire	to	edit	before	
copying.	

–  Newton’s	Cradle.	The	arTcle	returned	a	Flesch-Kincaid	reading	grade	
level	of	11.9,	but	this	seems	wildly	inflated.	I	would	be	comfortable	using	
it	with	5th	–		8th	graders	who	are	reading	on	grade-level.	

–  Wrecking	Ball	Physics	The	arTcle	returned	a	Flesch-Kincaid	reading	grade	
level	of	9.4	

–  MoTon,	Forces,	and	Energy	(This	is	more	of	an	intro/study	guide)	
•  Give	students	three	minutes	in	groups	to	generate	a	list	of	as	many	uses	for	a	

wrecking	ball	as	possible	(the	stranger,	the	be:er).		
•  Give	students	three	minutes	in	groups	to	generate	as	many	synonyms	for	

annihilate	as	possible.	Repeat	with	antonyms.		Add	these	to	word	walls	or	
writer’s	notebooks.	If	Tme,	idenTfy	the	part	of	speech	for	each	word.	

–  Have	students	select	at	least	4	words	from	each	list	and	assign	monetary	
values	up	to	$1.00		to	the	words	based	on	how	weak	or	strong	it	is.		
Example:	knock	down	$0.05,	destroy	=	$0.10,	topple	=	$0.25,	annihilate	=	
$1.00).	

–  Have	students	write		sentences	or	a	paragraph	using	some	of	their	high-
value	words.	

•  If	you	also	own	“Apples	Alo`”,	use	the	Apple	Annihilator	to	destroy	the	towers.	
The	goal	should	be	to	annihilate	the	towers	using	the	fewest	number	of	
wrecking	ball	releases.	

•  Students	create	a	process	flow	map	for	how	to	make	their	Apple	Annihilator	
designs.	They	trade	process	maps	and	try	to	build	the	other’s	design	(process	
flow	map	slide	included).	

•  Students	create	and	solve	math	problems	related	to	designs	(slides	included)).	
	

	
	
	
Explore	simple	
machines:	
	
h:p://www.cosi.org/
downloads/acTviTes/
simplemachines/
sm1.html	
	
	

	

	
	
h:p://www.atlasobscura.com/arTcles/the-indestrucTble-
appeal-of-the-wrecking-ball	
	
CRADLE	
h:p://www.livescience.com/39271-how-does-newtons-
cradle-work.html	
	
WB	Physics	
h:ps://thehomeschoolscienTst.com/wrecking-ball-
physics/	
	
	
Forces,	moTon,	energy	
h:p://www.lincnet.org/cms/lib05/MA01001239/Centricity/
Domain/108/FM_study_guide.pdf	

	
h:ps://www.teacherspayteachers.com/
Product/Back-to-School-STEM-Challenge-
Apples-Alo`-11-PAPERLESS-3226932	 b	
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Universal STEM Challenge Notes &  
How to Use the Design Analysis Slides 

STEM	Challenge	Cycle	(overview	video	of	the	STEM	Challenge	steps)		
	
	

Planning	
•  Try	giving	students	experience	with	different	planning	styles	on	different	challenges,	so	they	

can	begin	to	understand	their	own	preferences.	Several	approaches	are	listed	below:	
–  Students	begin	to	manipulate	materials	immediately		
–  Students	sketch	ideas	prior	to	building	
–  Students	discuss	ideas	with	teammates	prior	to	building	
–  Have	students	jot	notes	for	their	plan	prior	to	building	
–  Students	have	3	–	5	minutes	of	silence	to	think	about	what	they	will	do	prior	to	building	

(follow	with	another	approach,	or	go	straight	into	building)	
–  Walk	&	talk:	Introduce	the	challenge,	then	have	students	go	on	a	short	walk	to	discuss	

ideas	with	teammates	prior	to	building	
–  Free	choice	or	mix/combine	approaches	
	

Post-Design	–	Design	Analysis	Slides	
•  MulRple	iteraRons	are	always	recommended	to	allow	students	an	opportunity	to	apply	

learning,	try	new	ideas,	and	to	be	in	keeping	with	the	engineering	process.	While	you	might	
not	be	able	to	do	so	with	every	challenge,	try	to	do	it	whenever	you	can.	Never	conducRng	a	
second	or	third	iteraRon	is	akin	to	never	asking	students	to	tell	you	how	they	could	improve	
their	wriRng,	but	never	actually	having	them	revise	it;	the	execuRon	of	ideas	is	crucial	in	
developing	skills!		
–  For	each	new	iteraRon,	make	a	new	copy	of	the	design	analysis	slides.	
–  The	following	analysis	quesRon	can	be	used	in	different	ways: “Which was your more/most 

effective design?  What do you think it was about the design that made it superior to the other(s)?”:	
•  Op#on	1:	Have	students	consider	the	evoluRon	of	their	design	within	the	current	

iteraRon	of	the	challenge.	Frequently,	students	change	aspects	of	the	design	right	
up	unRl	Rme	is	called.	Their	final	version	is	not	necessarily	the	best	version.	If	they	
insist	they	stuck	with	one	idea	throughout	and	have	nothing	to	compare,	select	
opRon	2	or	3	below.	

•  Op#on	2:	Students	can	select	what	they	think	was	the	most	effecRve	design	in	the	
class,	not	necessarily	their	own.	

•  Op#on	3:	If	you	will	conduct	mulRple	iteraRons,	students	can	wait	to	answer	this	
quesRon	unRl	aYer	the	final	iteraRon,	and	answer	it	only	once	on	the	final	set	of	
handouts	(or	use	opRons	1	or	2	to	answer	the	quesRon	prior	to	the	last	handout	
set).		
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Grades  
2 - 8 

PRINTABLE 
MARKER  
SET-UP  
GUIDE 

 
(OPTIONAL) 



Set  up  one  marker  on  top  of  each  
bow l i n g  p i n  to  test  your  App le  

Ann i h i l a tor .  
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Set  u p  o ne  ma r ker  o n  to p  o f  ea ch  
bow l i n g  p i n  t o  tes t  yo u r  App l e  

An n i h i l a t o r  fo r  a c c u ra c y .  Y o u r  tea cher  
w i l l  t e l l  y o u  t he  n umber  o f  t he  p i n  y o u  

m u s t  k no c k  dow n  w h i l e  l e a v i n g  t he  o ther  
t wo  s t a n d i n g .   

1 2 3 
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Next 
Generation 

Science 
Standards 
(NGSS) 
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A	  Note	  RE:	  NGSS	  	  
Science	  &	  Engineering	  

Prac4ces	  
	  
This	  STEM	  Challenge	  has	  the	  poten4al	  to	  hit	  upon	  all	  NGSS	  ETS	  
standards	  depending	  on	  the	  depth	  and	  number	  of	  itera4ons	  you	  
choose	  to	  implement	  in	  your	  classroom.	  	  Take	  a	  moment	  to	  
review	  the	  Performance	  Expecta4ons	  as	  well	  as	  the	  Disciplinary	  
Core	  Ideas	  (DCIs)	  included	  here	  prior	  to	  inform	  your	  decisions	  
and	  approach.	  
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K-‐2	  NGSS	  	  
Science	  &	  Engineering	  Prac4ces:	  

Performance	  Expecta4ons	  
	  

K-‐2	  Science	  &	  Engineering	  Prac4ces	  
Students	  who	  demonstrate	  understanding	  can:	  
	  
•  K-‐2-‐ETS1-‐1.Ask	  ques0ons,	  make	  observa0ons,	  and	  gather	  

informa0on	  about	  a	  situa0on	  people	  want	  to	  change	  to	  
define	  a	  simple	  problem	  that	  can	  be	  solved	  through	  the	  
development	  of	  a	  new	  or	  improved	  object	  or	  tool.	  

	  
•  K-‐2-‐ETS1-‐2.Develop	  a	  simple	  sketch,	  drawing,	  or	  physical	  

model	  to	  illustrate	  how	  the	  shape	  of	  an	  object	  helps	  it	  
func0on	  as	  needed	  to	  solve	  a	  given	  problem.	  

	  
•  K-‐2-‐ETS1-‐3.Analyze	  data	  from	  tests	  of	  two	  objects	  designed	  

to	  solve	  the	  same	  problem	  to	  compare	  the	  strengths	  and	  
weaknesses	  of	  how	  each	  performs. 	   	   	  	  
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K-‐2	  NGSS	  	  
Disciplinary	  Core	  Ideas	  

(DCIs)	  
•  ETS	  1.A:	  Defining	  and	  Delimi0ng	  Engineering	  Problems	  

–  A	  situa4on	  that	  people	  want	  to	  change	  can	  be	  approached	  as	  a	  problem	  
to	  be	  solved	  through	  engineering.	  (K-‐2-‐ETS1-‐1).	  

–  Asking	  ques4ons,	  making	  observa4ons,	  and	  gathering	  informa4on	  are	  
helpful	  in	  thinking	  about	  problems.	  (K-‐2-‐ETS1-‐1).	  

–  Before	  beginning	  to	  design	  a	  solu4on,	  it	  is	  important	  to	  clearly	  
understand	  the	  problem.	  (K-‐2-‐ETS1-‐1)	  

•  ETS	  1.B:	  Developing	  Possible	  Solu0ons	  
–  Designs	  can	  be	  conveyed	  through	  sketches,	  drawings,	  or	  physical	  

models.	  These	  representa4ons	  are	  useful	  in	  communica4ng	  ideas	  for	  a	  
problem’s	  solu4ons	  to	  other	  people.	  (K-‐2-‐ETS1-‐2).	  

•  ETS	  1.C:	  Op0mizing	  the	  Design	  Solu0on	  
–  Because	  there	  is	  always	  more	  than	  one	  possible	  solu4on	  to	  a	  problem,	  it	  

is	  useful	  to	  compare	  and	  test	  designs.	  (K-‐2-‐ETS1-‐3).	  

© Kerry Tracy 2015 all rights reserved - http://www.teacherspayteachers.com/Store/Kerry-Tracy!

https://www.teacherspayteachers.com/Store/Kerry-Tracy


3-‐5	  NGSS	  	  
Science	  &	  Engineering	  Prac4ces:	  

Performance	  Expecta4ons	  

3-‐5	  Science	  &	  Engineering	  Prac4ces	  
Students	  who	  demonstrate	  understanding	  can:	  
	  
•  3-‐5-‐ETS1-‐1.Define	  a	  simple	  design	  problem	  reflec0ng	  a	  

need	  or	  a	  want	  that	  includes	  specified	  criteria	  for	  success	  
and	  constraints	  on	  materials,	  0me,	  or	  cost.	  

	  
•  3-‐5-‐ETS1-‐2.Generate	  and	  compare	  mul0ple	  possible	  

solu0ons	  to	  a	  problem	  based	  on	  how	  well	  each	  is	  likely	  to	  
meet	  the	  criteria	  and	  constraints	  of	  the	  problem.	  

	  

•  3-‐5-‐ETS1-‐3.Plan	  and	  carry	  out	  fair	  tests	  in	  which	  variables	  
are	  controlled	  and	  failure	  points	  are	  considered	  to	  iden0fy	  
aspects	  of	  a	  model	  or	  prototype	  that	  can	  be	  improved. 	  
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3-‐5	  NGSS	  	  
Disciplinary	  Core	  Ideas	  

(DCIs)	  
•  ETS	  1.A:	  Defining	  and	  Delimi0ng	  Engineering	  Problems	  

–  Possible	  solu4ons	  to	  a	  problem	  are	  limited	  by	  available	  materials	  and	  
resources	  (constraints).	  The	  success	  of	  a	  designed	  solu4on	  is	  
determined	  by	  considering	  the	  desired	  features	  of	  a	  solu4on	  (criteria).	  
Difference	  proposals	  for	  solu4ons	  can	  be	  compared	  on	  the	  basis	  of	  how	  
well	  each	  one	  meets	  the	  specified	  criteria	  for	  success	  or	  how	  well	  each	  
takes	  the	  constraints	  into	  account.	  (3-‐5	  ETS1-‐1).	  

•  ETS	  1.B:	  Developing	  Possible	  Solu0ons	  
–  Research	  on	  a	  problem	  should	  be	  carried	  out	  before	  before	  beginning	  to	  

design	  a	  solu4on.	  Tes4ng	  a	  solu4on	  involves	  inves4ga4ng	  how	  well	  it	  
performs	  under	  a	  range	  of	  likely	  condi4ons.	  (3-‐5-‐ETS1-‐2).	  

–  At	  whatever	  stage,	  communica4ng	  with	  peers	  about	  proposed	  solu4ons	  
is	  an	  important	  part	  of	  the	  design	  process,	  and	  shared	  ideas	  can	  lead	  to	  
improved	  designs.	  (3-‐5	  ETS1-‐2).	  

–  Tests	  are	  oWen	  designed	  to	  iden4fy	  failure	  points	  or	  difficul4es,	  which	  
suggest	  the	  elements	  of	  the	  design	  that	  need	  to	  be	  improved.	  (3-‐5-‐
ETS1-‐3).	  

•  ETS	  1.C:	  Op0mizing	  the	  Design	  Solu0on	  
–  Different	  solu4ons	  need	  to	  be	  tested	  in	  order	  to	  determine	  which	  of	  

them	  best	  solves	  the	  problem,	  given	  the	  criteria	  and	  the	  constraints.	  
(3-‐5-‐ETS1-‐3).	  

Teacher-‐Author	  note:	  I	  philosophically	  disagree	  with	  DCI	  3-‐5-‐ETS1-‐2.	  	  With	  an	  
itera4ve	  design	  approach,	  one	  oWen	  produces	  more	  innova4ve	  designs	  by	  not	  
researching	  first.	  Design	  first	  also	  mo4vates	  students	  to	  have	  a	  reason	  to	  research	  
between	  itera4ons.	  It’s	  nice	  to	  have	  the	  baseline	  of	  design	  results	  before	  and	  aWer	  
research	  as	  well.	  	  This	  challenge	  reflects	  my	  approach.	  
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Middle	  School	  NGSS	  	  
Science	  &	  Engineering	  Prac4ces:	  

Performance	  Expecta4ons	  
MS	  Science	  &	  Engineering	  Prac4ces	  
Students	  who	  demonstrate	  understanding	  can:	  
	  
•  MS-‐ETS1-‐1. 	  Define	  the	  criteria	  and	  constraints	  of	  a	  design	  problem	  

with	  sufficient	  precision	  to	  ensure	  a	  successful	  solu0on,	  taking	  into	  
account	  relevant	  scien0fic	  principles	  and	  poten0al	  impacts	  on	  
people	  and	  the	  natural	  environment	  that	  may	  limit	  possible	  
solu0ons. 	  	  

	  
•  MS-‐ETS1-‐2. 	  Evaluate	  compe0ng	  design	  solu0ons	  using	  a	  

systema0c	  process	  to	  determine	  how	  well	  they	  meet	  the	  criteria	  
and	  constraints	  of	  the	  problem. 	  	  

	  
•  MS-‐ETS1-‐3. 	  Analyze	  data	  from	  tests	  to	  determine	  similari0es	  and	  

differences	  among	  several	  design	  solu0ons	  to	  iden0fy	  the	  best	  
characteris0cs	  of	  each	  that	  can	  be	  combined	  into	  a	  new	  solu0on	  to	  
beTer	  meet	  the	  criteria	  for	  success. 	  	  

	  
•  MS-‐ETS1-‐4. 	  Develop	  a	  model	  to	  generate	  data	  for	  itera0ve	  tes0ng	  

and	  modifica0on	  of	  a	  proposed	  object,	  tool,	  or	  process	  such	  that	  
an	  op0mal	  design	  can	  be	  achieved. 	  	  
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Middle	  School	  NGSS	  	  
Disciplinary	  Core	  Ideas	  

(DCIs)	  
•  ETS	  1.A:	  Defining	  and	  Delimi0ng	  Engineering	  Problems	  

–  The	  more	  precisely	  a	  design	  task’s	  criteria	  and	  constraints	  can	  be	  
defined,	  the	  more	  likely	  is	  is	  that	  the	  designed	  solu4on	  will	  be	  
successful.	  Specifica4on	  of	  constraints	  includes	  considera4on	  of	  specific	  
principles	  and	  other	  relevant	  knowledge	  that	  are	  likely	  to	  limit	  possible	  
solu4ons.	  (MS-‐ETS1-‐1).	  

•  ETS	  1.B:	  Developing	  Possible	  Solu0ons	  
–  A	  solu4on	  needs	  to	  be	  tested,	  and	  then	  modified	  on	  the	  basis	  of	  the	  test	  

results,	  in	  order	  to	  improve	  it.	  (MS-‐ETS1-‐4).	  
–  There	  are	  systema4c	  processes	  for	  evalua4ng	  solu4ons	  with	  respect	  to	  

how	  well	  they	  meet	  the	  criteria	  and	  constraints	  of	  a	  problem.	  (MS-‐
ETS1-‐2),	  (MS-‐ETS1-‐3).	  

–  Some4mes	  parts	  of	  different	  solu4ons	  can	  be	  combined	  to	  create	  a	  
solu4on	  that	  is	  be\er	  than	  any	  of	  its	  predecessors.	  (MS-‐ETS1-‐3).	  

–  Models	  of	  all	  kinds	  are	  important	  for	  tes4ng	  solu4ons.	  (MS-‐ETS1-‐4).	  
•  ETS	  1.C:	  Op0mizing	  the	  Design	  Solu0on	  

–  Although	  one	  design	  may	  not	  perform	  the	  best	  across	  all	  tests,	  
iden4fying	  the	  characteris4cs	  of	  the	  design	  that	  performed	  the	  best	  in	  
each	  test	  can	  provide	  useful	  informa4on	  for	  the	  redesign	  process	  –	  that	  
is,	  some	  of	  those	  characteris4cs	  may	  be	  incorporated	  in	  the	  new	  design	  
(MS-‐ETS1-‐3).	  

–  The	  itera4ve	  process	  of	  tes4ng	  the	  most	  promising	  solu4ons	  and	  
modifying	  what	  is	  proposed	  on	  the	  basis	  of	  test	  results	  leads	  to	  greater	  
refinement	  and	  ul4mately	  to	  an	  op4mal	  solu4on.	  (MS-‐ETS1-‐4).	  
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READ	ME!		
YOU’LL	BE	GLAD	YOU	DID!	
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h#p://
www.nap.edu/
read/13165/
chapter/9#115	
	

The	link	above	gives	a	text	descripCon	of	what	
students	should	understand	about	forces	&	

interacCons	by	the	end	of	2nd	grade,	5th	grade,	
and	8th	grade.		

	
It’s	a	fantasCc	primer	to	get	the	most	out	of	this	

STEM	challenge!		
	
	

PLEASE	NOTE:	
The	physical	science	standards	which	follow	on	
the	next	pages	are	not	explicitly	covered	in	the	
challenge	unless/un<l	you	elect	to	implement	
some	of	the	related	post-design	extension	
acCviCes	described	in	the	“Teacher	Tips”	

secCon	of	this	file.		
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3rd	Grade	NGSS		
3-PS2	

MoCon	and	Stability:	Forces	
and	InteracCons	
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PS2.A:	Forces	and	Mo2on	
•  Each	force	acts	on	one	parCcular	object	and	has	both	strength	and	a	direcCon.	

An	object	at	rest	typically	has	mulCple	forces	acCng	on	it,	but	they	add	to	give	
zero	net	force	on	the	object.	Forces	that	do	not	sum	to	zero	can	cause	changes	
in	the	object’s	speed	or	direcCon	of	moCon.	(Boundary:	QualitaCve	and	
conceptual,	but	not	quanCtaCve	addiCon	of	forces	used	at	this	level.)	(3-PS2-1)	

•  The	pa`ern	of	an	object’s	moCon	in	various	situaCons	can	be	observed	and	
measured;	when	that	past	moCon	exhibits	a	regular	pa`ern,	future	moCon	can	
be	predicted	from	it.	(Boundary:	Technical	terms,	such	as	magnitude,	velocity,	
momentum,	and	vector	quanCty,	are	not	introduced	at	this	level,	but	the	
concept	that	some	quanCCes	need	both	size	and	direcCon	to	be	described	is	
developed.)	(3-PS2-2)	

	
PS2.B:	Types	of	Interac2ons	
•  Objects	in	contact	exert	forces	on	each	other.	(3-PS2-1)	
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5th	grade	NGSS		
5-PS2	

MoCon	and	Stability:	Forces	
and	InteracCons	

	

© Kerry Tracy 2015 all rights reserved - http://www.teacherspayteachers.com/Store/Kerry-Tracy!

PS2.B:	Types	of	Interac2ons	
•  The	gravitaConal	force	of	Earth	acCng	on	an	object	near	Earth’s	surface	pulls	

that	object	toward	the	planet’s	center.	(5-PS2-1)	
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Middle	School	NGSS		
MS-PS2	

MoCon	and	Stability:	Forces	
and	InteracCons	
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PS2.A:	Forces	and	Mo2on	
•  For	any	pair	of	interacCng	objects,	the	force	exerted	by	the	first	object	on	the	

second	object	is	equal	in	strength	to	the	force	that	the	second	object	exerts	on	
the	first,	but	in	the	opposite	direcCon	(Newton’s	third	law).	(MS-PS2-1)	

•  The	moCon	of	an	object	is	determined	by	the	sum	of	the	forces	acCng	on	it;	if	
the	total	force	on	the	object	is	not	zero,	its	moCon	will	change.	The	greater	the	
mass	of	the	object,	the	greater	the	force	needed	to	achieve	the	same	change	in	
moCon.	For	any	given	object,	a	larger	force	causes	a	larger	change	in	moCon.	
(MS-PS2-2)	

•  All	posiCons	of	objects	and	the	direcCons	of	forces	and	moCons	must	be	
described	in	an	arbitrarily	chosen	reference	frame	and	arbitrarily	chosen	units	
of	size.	In	order	to	share	informaCon	with	other	people,	these	choices	must	also	
be	shared.	(MS-PS2-2)	

	
PS2.B:	Types	of	Interac2ons	
•  GravitaConal	forces	are	always	a`racCve.	There	is	a	gravitaConal	force	between	

any	two	masses,	but	it	is	very	small	except	when	one	or	both	of	the	objects	have	
large	mass	–	e.g.,	Earth	and	the	sun.	(MS-PS2-4)	

•  Forces	that	act	at	a	distance	(electric,	magneCc,	and	gravitaConal)	can	be	
explained	by	fields	that	extend	through	space	and	can	be	mapped	by	their	effect	
on	a	test	object	(a	charged	object,	or	a	ball,	respecCvely).	(MS-PS2-5)	
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Did You Know? 
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Also, you can earn credits by reviewing your purchases, and use those credits 
toward even more great TpT resources. So don’t forget to leave feedback! You 
can also leave Questions & Suggestions via TpT’s Q&A tab on any store page! 	

When you purchase a resource, you have access to future updates for free! 
Be sure to regularly check for updates! Under “My Purchases” scroll through 
and look for the circled note below!	
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THANKS AGAIN FOR YOUR PURCHASE! 

CUSTOMER SERVICE IS IMPORTANT TO ME. 
IF YOU HAVE QUESTIONS, REQUESTS, OR 

SUGGESTIONS, PLEASE REACH OUT: 
KERRY@FEELGOODTEACHING.COM 
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