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Enriching	Mathema2cs	and	Science	learning:		
An	Interdisciplinary	approach	

• To	inves2gate	ways	in	which	mathema2cs	and	science	can	be	
produc2vely	linked	to	deepen	student	learning	in	each	area.		

• To	explore	how,	over	three	years,	students	grow	in	their	
competence	to	inquire	in	both	mathema2cs	and	science,	in	a	
range	of	topics.	

• To	iden2fy	effec2ve	ways	to	develop	shared	learning	
communi2es	in	primary	schools	across	Australia	and	the	USA.			
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Ra2onale	

STEM	approaches	are	now	widely	advocated	(Bybee,	2013;	
Vasquez,	2015)	

Disciplinary	learning	is	compromised,	especially	in	
mathema2cs	(Honey,	Pearson,	&	Schweingruber,	2014)	

Integrated	STEM	ac2vi2es	can	oden	default	to	an	‘epistemic	
stew’	(Lehrer,	2016)	

Inter-disciplinary	models	of	prac2ce	and	knowledge	must	
be	built	on	student	acquisi2on	and	

Applica2on	of	deep,	developmental	disciplinary	knowledge	
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Purposes	of	the	Project	

Engage	in	experiences	with	concepts	that	are	synergis2c—mutual	gain	
to	support	deeper	learning	in	both	

	
• Focus	on	learning	outcomes,	including	assessment	of	concepts	
• Teachers	and	students	as	co-researchers	
• Refine	guided	inquiry	teaching	and	learning	approaches	
• Facilitate	student	modelling	and	representa2on	construc2on	
• Teacher	led	strategies	of	modelling	–	invent,	evaluate,	refine,	

extend	with	meaningful,	interes2ng	tasks	
• Focus	on	data	modelling	
• Longitudinal	tracking	of	students	modelling	and	learning		
• Produce	exemplary	learning	sequences		

Purpose	of	the	Project	
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Epistemological		JuncBon	

“Design	learning	with	epistemological	prac2ces	in	mind”	(Lehrer,	2018).	

Provide	opportuni2es	for	children	to	see	commonali2es	and	dis2nc2ons	in	
how	knowledge	is	generated	and	revised	in	disciplines.	

Conceptual	systems	elaborated	by	interdisciplinary	engagement.		

Posi2on	children	to	experience	epistemic	dis2nc2ons	important	to	
disciplined	knowing.		



Method	

Four	primary	schools	(Melbourne	and	Geelong)	Grades	1-2;	
4-5;	5-6	(2	to	6	classes	per	grade)	
	
Case	study	teachers	and	12	students	per	grade	
	
Design	research	method:	longitudinal	(3	years)	
	
Development	and	reitera2on	of	learning	sequences	for	
selected	topics:	
• Armspan	
• Mo2on	
• Ecology	
• Water	Use	
• Fast	plants	
• Astronomy	
			
	

	

Mulligan	&	Tytler	MERGA42	

Method	



How	do	student’s	structure	their	data?	

Explore	how	students’	graphical	representa2on	might	enhance	
mathema2cal	and	scien2fic	reasoning	from	student-led	inves2ga2ons		

Iden2fy	common	features	in	collec2ng,	organising,	interpre2ng,	and	
represen2ng	data:	making	inferences		

How	do	students	‘structure’	their	data?	

What	are	the	mathema2cal	ideas	that	lead	to	representa2onal	
competence?	



IMS	Big	Ideas	

Big	idea	 Illustra2on	
Maths	and	science	interact	to	
support	deeper	learning	in	
each	

The	back	and	forth	nature	of	the	interplay	between	mathema2cs	and	
science.		
The	inven2on	and	refinement	of	the	mathema2cs	to	explore	
authen2c	ques2ons	
The	sharpening	of	the	science	ideas	made	possible	by	the	more	
focused	mathema2za2on		

Explora4on	of	constructs	that	
are	common	to	maths	and	
science	

	
Construc2ng	measure	
Data	varia2on	and	ways	of	represen2ng	data	
Sampling	
Spa2al	reasoning	
	

Construc4ng	representa4ons,	
modeling	to	reason	and	learn	

e.g.	modeling	data	and	inven2ng	displays,	measures	of	centre	…		
Modeling	of	earth	and	sun	rela2ons	to	explain	shadow	movement	
Inven2ng	measures	of	water	use,	and	data	displays	

Guided	inquiry	pedagogy	
foregrounding	children’s	
ques4ons	

e.g.	children’s	decisions	around	sampling,	and	measuring	living	things	
Ques2ons	about	paLerns	of	plant	growth,	and	condi2ons	that	shape	
the	growth.		
Teacher	use	of	children’s	inven2ons,	ideas	to	move	thinking	forward	
• Display	and	discussion	of	children’s	representa2ons	
• Gallery	walks		
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IMS	‘big’	ideas	
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Mo2on	



	
Luke	S.	MoBon	sequence	

Number	of	steps	in	6	seconds	

Video	of	constant	mo2on	





Comparing	rate	walks	
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Fast	Plant	Growth	

Day	7.	Plant	Growth	(March	18)	 Day	10.	Plant	Growth	(March	21)	Day	3.	Seed	Germina2on	(March	
14)	
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Sequence	Overview:	how	data	can	be	gathered,	represented,	and	evaluated	to	
effec2vely	display	the	life	cycle	of	a	plant.	Science	ideas	and	processes	explored	
within	this	sequence:	
•  Germina2on	
•  Growth	and	growth	varia2on	
•  Life	cycle	including	seed	and	flower	anatomy	
•  Environmental	influences	on	plant	growth	
•  Modelling	data	
•  Communica2ng	results	

Mathema2cal	ideas	and	processes	explored	within	this	sequence:	
•  Data	collec2on	and	organisa2on	including	es2mate	and	measure	rate	of	

growth	over	2me,	understand	idea	of	rate	of	growth	and	intervals	of	2me	vs	
individual	measures	

•  Data	display	including	graphing	(line	graphs)	
•  Data	analysis	and	evalua2on	
•  Varia2ons	in	data	
•  Modelling	

Fast	Plant	Growth	
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Inves2ga2ng	Water	
Use	
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Sequence	Overview	
•  To	extend	the	Primary	Connec2ons	“Water	Works”	unit,	

through	an	in-depth	focus	on	data	collec2on,	informal	to	
formal	measures,	and	data	displays	with	analysis	and	
interpreta2on	of	findings.	

•  	Collect	data	about	their	water	use	at	home	and	then	learn	the	
importance	of	genera2ng	formal	measures	to	compare	results	
of	informal	measures.		The	data	is	analysed	as	class	data	with	
possible	explora2on	of	number	lines,	median,	mean,	and	or	
mode	measures.	

	

Inves2ga2ng	Water	Use	
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Science	ideas	and	processes	explored	within	this	sequence:	
•  Water	conserva2on	and	personal	use	of	water	
•  Water	use	around	the	home.	
•  Inven2on	of	processes	including	measure	for	water	use.	
•  Problem	posing	and	problem	solving	
•  The	need	for	standard	units	of	measure:		es2ma2ng	and	using	

appropriate	units.	
		
Mathema2cal	ideas	and	processes	explored	within	this	sequence:	
•  Rela2onship	between	number	of	units	and	size	of	unit		
•  Data	modeling	–	how	different	displays	bring	out	different	features	

of	the	data	
•  Data	modeling	–	measures	of	centre	(mode,	median),	range,	

outliers,	informal	discussion	of	measures	of	spread.		
	

Inves2ga2ng	Water	Use	
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“We	can	compare	with	a	bar	graph																																																					
how	much	water	they	used”	

“litres	are	what	we	measure	water	in”	
“It’s	0.5”	referring	to	500ml	boLle		

“Different	taps	and	showers	use	
different	amounts	of	water…	that’s	
why	we	can’t	just	2me”		

Examples	of	children’s	thinking	and	
representa2ons	
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“We	can	2me	how	long	people	are	in	the	shower	then	check	with	a	
bucket	how	much	water	is	used	in	that	2me?”	
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Ecology	



Where	are	living	things?		
Birdseye	view	mapping	and	scaffolding	Googlemap	
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Plan	views	
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Mapping	the	plots	(Year	4	student)		
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Birdseye	view:	Plot	representa2ons	
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Graphs:	Representa2ons	
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Making	inferences	and	connec2ons	
•  Sequence	over	a	series	of	weeks			
•  Needs,	habitat	and	structures	
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Development	of	graphs	
Student	Example	
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Astronomy	
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1.  To	develop	an	understanding	about	Astronomy,	day/night	
and	the	earth’s	rota2on	through	a	shadow	inves2ga2on	

2.  To	develop	an	understanding	of	the	ways	science	and	
mathema2cs	use	modelling	processes	to	understand	natural	
systems	and	mathema2cal	paLerns			

3.  Focus	on	measuring,	2me,	spa2al	recogni2on,	direc2onality,	
data	recording	and	analysis	

The	sequence	will	focus	on	spa2al	rela2ons	of	the	sun	and	earth,	
coordina2ng	an	earth	centred	and	space	centred	perspec2ve.		

Learning	outcomes	
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Grade	1:	
• Children	work	in	pairs	to	trace	their	
shadow	4-5	2mes	over	the	today	
•  Informally	measure	length	with	a	tape	
• The	teacher	discusses	the	rela2on	of	the	
shadow	to	the	suns’	posi2on	
• Children	construct	a	report	of	the	size	and	
posi2on	of	shadows	

Grade	4:		
• Shadow	s2ck	ac2vity	–	more	formal	
measurements	
• Children	report,	linking	the	shadow	
paLerns	with	posi2on	of	sun	during	the	
day.		

Tracing	shadows	over	the	day	
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