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The	highly	cultural	
nature	of	mathemaDcs	
teaching	is	hidden	in	
educaDon	pracDces.	
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Sustainable Development Goals (SDGs)

hFps://sustainabledevelopment.un.org/sdgs	

1.	end	poverty	in	all	its	forms	everywhere		

3.	ensure	healthy	lives	and	promote	well-being	for	all	at	all	ages		
4.	ensure	inclusive	and	equitable	quality	educaDon	and	promote	lifelong	learning	
opportuniDes	for	all		
5.	achieve	gender	equality	and	empower	all	women	and	girls		

2.	end	hunger,	achieve	food	security	and	improved	nutriDon	and	promote	
sustainable	agriculture		

6.	ensure	availability	and	sustainable	management	of	water	and	sanitaDon	for	
all		

7.	ensure	access	to	affordable,	reliable,	sustainable	
and	modern	energy	for	all		



9.	build	resilient	infrastructure,	promote	inclusive	and	sustainable	
industrializaDon	and	foster	innovaDon	
10.	reduce	inequality	within	and	among	countries	
11.	make	ciDes	and	human	seFlements	inclusive,	safe,	resilient	and	sustainable	
12.	ensure	sustainable	consumpDon	and	producDon	paFerns	
13.	take	urgent	acDon	to	combat	climate	change	and	its	impacts	
14.	conserve	and	sustainably	use	the	oceans,	seas	and	marine	resources	for	
sustainable	development	

Sustainable Development Goals (SDGs)

hFps://sustainabledevelopment.un.org/sdgs	

8.	promote	sustained,	inclusive	and	sustainable	economic	growth,	full	and	
producDve	employment	and	decent	work	for	all		



Sustainable Development Goals (SDGs)

hFps://sustainabledevelopment.un.org/sdgs	

15.	protect,	restore	and	promote	sustainable	use	of	
terrestrial	ecosystems,	sustainably	manage	forests,	
combat	deserDficaDon,	and	halt	and	reverse	land	
degradaDon	and	halt	biodiversity	loss	
16.	promote	peaceful	and	inclusive	socieDes	for	
sustainable	development,	provide	access	to	jusDce	
for	all	and	build	effecDve,	accountable	and	inclusive	
insDtuDons	at	all	levels	

17.	strengthen	the	means	of	implementaDon	and	revitalize	the	
global	partnership	for	sustainable	development	



hFps://Dnyurl.com/sustainablemath	
hFps				Dny		url			.com			sustainable		math	
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Sustainability is not an “add on”.    It is the core.



ESD - SCIENCE SCIENCE 

ESD - GEOGRAPHY GEOGRAPHY 

ESD - LANGUAGE LANGUAGE 

ESD - MATHEMATICS MATHEMATICS 

SUSTAINABLE DEVELOPMENT 

Sustainability is not an “add on”.    It is the core.



Poten@al contribu@ons of mathema@cs 
   (basis for task/ac@vity development)

Philosophies	of	mathemaDcs:	
•  formalism	
•  platonism	
•  humanism	
•  etc.	

To	teach	mathemaDcs	for	sustainable	development	a	humanist	understanding	of	
mathemaDcs	is	most	relevant.		

MathemaDcs	is	a	human	acDvity,	
a	way	of	addressing	challenges	in	parDcular	
human	contexts.	

(or	a	set	of	ways)	



Poten@al contribu@ons of mathema@cs 
   (basis for task/ac@vity development)

Six	acDviDes	of	mathemaDcs	(Bishop):	
•  counDng	
•  measuring	
•  locaDng	
•  designing	
•  explaining	
•  playing	

	
When	people	design,	explain,	or	play	with	counDng,	measuring	or	locaDng,	
they	are	doing	mathemaDcs.	
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Poten@al contribu@ons of mathema@cs

We	can	communicate	with	
•  precision	
•  accuracy	

Necessary	for	agreements	
(treaDes,	contracts,…)	



Nego@a@ng complex systems
individual	current	needs	 needs	for	everyone	mathema&cs	

provides	tools	for	
balancing	conflic&ng	

goals	

needs	for	the	future	

systems	thinking	



To	balance	conflicDng	needs	we:	
•  consider	measures	that	indicate	idenDfied	goals,	
•  assign	numeric	values	to	things	that	are	not	easy	to	measure,	
•  weight	these	indicators	to	align	with	our	values.		

These	indicators	can		
•  measure	various	policy	scenarios	to	idenDfy	an	opDmum	decision,	
•  compare	regions	to	see	who/what	needs	aFenDon.	
	
This	depends	on	the	quality	of	our	choices	about:	
•  what	to	measure	
•  which	measures	to	value	the	most,	and		
•  the	mathemaDcal	model	for	predicDng	results	

It	may	seem	arbitrary,	but	it	is	less	arbitrary	than	the	alternaDve.	

Poten@al contribu@ons of mathema@cs



Poten@al contribu@ons of mathema@cs
popular	press		(unclear	method)	

GINI	coefficient		(generalized	inequality	index)	

GDP	growth,	HDI	growth	(human	
development	index),	IWI	growth	(inclusive	
wealth	index)	



Poten@al contribu@ons of mathema@cs
Gross	naDonal	happiness	(GNH	vs	GDP	as	guide	for	
decisions)	

GDP	per	capita	(or	PPP)	



We	can	measure:	
•  polluDon		
•  income	
•  law	breaking	
•  educaDon	aFainment	
•  reading	
•  criDcal	thinking	
•  ...	

This	supports		
•  local	and	global	decision	making	
•  engaged	ciDzens	

We	can	compare	across:	
•  regions	
•  gender	
•  age	
•  ethnicity	
•  immigraDon	status	
•  sexual	idenDty	
•  socio-economics	
•  ...	

Poten@al contribu@ons of mathema@cs
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Poten@al contribu@ons of mathema@cs

Air	Pollu)on	in	Asia	



Limita@ons:

Poten@al contribu@ons of mathema@cs

•  When	is	it	appropriate	to	measure	love,	fear,	pain,	hunger,	…?	
•  MathemaDcs	can	support	good	moDves	and	bad.	(bombs,	eugenics,	...)	
•  	AbstracDon	ignores	local	knowledge.	

When	doing	human	mathemaDcs,		
students	should	discuss	the	limitaDons.	
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Limita@ons:

Poten@al contribu@ons of mathema@cs

Mathema)cs	is	known	for	abstrac)on,	
but	it	has	both	processes:	
•  abstracDon	(moving	to	the	abstract)	
•  parDcularizaDon	(moving	from	the	general	to	the	parDcular)	



Moving away from context can help us see a system at work.

Poten@al contribu@ons of mathema@cs

Mathema)cs	is	known	for	abstrac)on,	
but	it	has	both	processes:	
•  abstracDon	(moving	to	the	abstract)	
•  parDcularizaDon	(moving	from	the	general	to	the	parDcular)	

IncarceraDon	Rates	by	Race	2010	(USA)	

%	of	US	
populaDon	in	

prison	
39%	
19%	
40%	

NaDonal	
incarceraDon	rate	
(per	100,000)	

450	
831	
2,306	

	
	

Race/ethnicity	
White	
Hispanic	
Black	

	
%	of	US	

populaDon	
64%	
16%	
13%	





Poten@al contribu@ons of mathema@cs
Beauty	
•  appreciaDng	diverse	ingenuity	
•  standing	beside	each	other	to	appreciate	common	experience	
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Tools for embedding sustainability/peace

Real	contexts	
AFenDon	to	context	
AFenDon	to	human	choices	
Current	issues	
Complexity	(avoid	simplicity)	
Acknowledging	values	
Access	to	data	
Interdisciplinarity		
SensiDvity	to	marginalizaDon	

Open	dialogue		
CollaboraDon	
Access	to	everyone	
Technology	
Courage	
Trust	
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e.g.,	Lesson	study	by	Roberto	&	Pedro	–	CO2	emissions	in	Peru	and	Chile	



Tools for embedding sustainability/peace

Real	contexts	
•  contexts	real	to	the	student	with	

real	data	
•  shows	that	mathemaDcs	is	useful	
	
e.g.	Isoda	



Tools for embedding sustainability/peace

A<en)on	to	context	
•  Draw	on	students’	context	knowledge	
•  Structure	textbooks	around	context	instead	of	procedures	
•  Chapters	and	topics	organized	around	procedures	tells	students	that	the	

procedure	is	more	important	than	the	context.	
•  Chapters	and	topics	organized	around	contexts	tells	students	that	the	

mathemaDcs	responds	to	context.	
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Word	Problems		
•  A	long	tradiDon	

•  thus	hard	to	change	
•  “throw-away	contexts”	

Children	aged	14,	15,	and	16	go	to	the	store.	Candy	bars	are	on	sale	for	43¢	each.	They	buy	a	total	of	12	candy	bars.	
How	much	do	they	spend,	not	including	tax?	(Peterson	&	Gutstein)	



Tools for embedding sustainability/peace

A<en)on	to	human	choices	
•  QuesDons	that	have	mulDple	possible	responses	
•  Language	that	idenDfies	human	choice.	(“I	chose	to”)	(Wagner	and	Herbel-Eisenmann)	
•  People	from	diverse	demographic	groups	so	that	students	can	visualize	

themselves	using	mathemaDcs	powerfully	

	

If	we	think	about	the	
choices	in	our	

mathemaDcs,	it	helps	us	

STOP	
to	think	about	the	
choices	behind	the	
math	others	do	



Tools for embedding sustainability/peace

Complexity	(avoid	simplicity)	
•  Simplifying	context	gives	the	idea	that	the	procedure	is	more	important	that	

the	contexts	it	is	designed	to	address	
or	that	math	is	not	able	
to	handle	complexity	

•  Systems	thinking	



Tools for embedding sustainability/peace

Acknowledge	values	
•  Doing	a	problem	requires	decisions	about	what	is	most	important	
•  Any	choice	of	context	suggests	that	the	topic	is	an	important	one	for	students.		

For	example:	
A	problem	about	running	a	business	or	responding	to	climate	change.		
•  If	it	is	about	running	a	business,	can	a	student	choose	to	value	profit,	

sustainability,	or	…	?	
•  If	it	is	about	climate	change,	can	a	student	choose	how	to	balance	

current	needs	with	future	needs?	
	
	



Tools for embedding sustainability/peace

Access	to	data	
•  Cite	sources	for	data	used.	
•  Point	to	other	possible	sources	for	further	invesDgaDon.	
	
When	students	access	publicly	available	data,	they	develop	the	skills	and	
confidence	for	doing	this	when	they	face	sustainability	challenges	outside	school.		



Tools for embedding sustainability/peace

Interdisciplinarity	
•  Peace	and	sustainable	development	problems	are	especially	good	for	

interdisciplinary	connecDons.	
•  Making	interdisciplinary	connecDons	values	complexity	of	contexts,	and	invites	

discussion	about	how	mathemaDcs	can	help	with	decisions	in	such	complex	
situaDons.	



Tools for embedding sustainability/peace

Sensi)vity	to	marginaliza)on	
•  Directly	addressing	an	equality	issue	(gender,	ethnic,	etc.)	is	necessary	but	may	

draw	aFenDon	to	dispariDes	and	stereotypes	among	students.	

e.g.,	We	should	give	problems	that	ask	
about	income	distribuDon.	Students	who	
are	very	rich	or	very	poor	might	be	
embarrassed.	



Tools for embedding sustainability/peace

Collabora)on	
•  Encourage	and	expect	group	work.	
•  This	enables	students	to	hear	each	other’s	ideas	and	so	
•  they	learn	to	value	other	ideas	
•  they	see	that	mathemaDcs	involves	choices	

What	informaDon	does	each	form	of	representaDon	show	especially	well?	
	
You	are	a	team	of	journalists	deciding	on	which	representaDon	to	include	in	a	
news	arDcle.	Describe	how	your	group	decided	which	representaDon	is	the	best	
choice.	

versus	



Tools for embedding sustainability/peace

Technology	
•  Get	students	using	their	technology	to	gather	informaDon.		
•  More	than	finding	things	on	the	internet	
•  Smart	phones	can	collect	and	map	data	in	a	community.		
•  GPS	
•  seismometers	
•  apps	that	analyze	sound	
•  …	

e.g.,	Rubel,	Hall-Wieckert,	and	Lim,	2016	



Tools for embedding sustainability/peace

Courage	
•  Sustainable	development	quesDons	are	usually	poliDcally	sensiDve		
•  These	are	the	most	important	issues		

	
If	we	avoid	poliDcally	sensiDve	issues:	
•  We	are	saying	they	are	less	important.	
•  We	are	saying	that	mathemaDcs	cannot	be	used	for	them.		



Tools for embedding sustainability/peace

Trust	
	
When	the	problem	is	poliDcally	sensiDve…	
•  Let	students	and	teachers	make	judgments	based	on	their	mathemaDcal	

invesDgaDon	and	knowledge	of	the	relevant	contexts	(Do	not	make	the	
judgments	in	the	text)	

Teachers	and	students	may	not	be	completely	ready	to	handle	these	difficult	
issues.	
•  This	is	how	they	learn	to	handle	them.	
•  No	one	is	completely	ready.	

A	teacher’s	guide	may	be	helpful.	



History	tells	us	that	quanDficaDon	is	associated	with	the	development	of	
democracies	and	other	forms	of	community	responsibility	(Porter,	1995).	
	
When	decision	makers	are	not	idenDfied	through	heredity	or	connecDon	to	deiDes,	
they	must	prove	that	their	decisions	are	made	in	the	interests	of	the	collecDve	
good.		
•  MathemaDcs	gives	ciDzens	tools	for	this	kind	of	jusDficaDon.		

Mathema@cs: proof and jus@fica@on
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