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Sustainable	Development	Goals	(SDGs)	
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1.	end	poverty	in	all	its	forms	everywhere		
2.	end	hunger,	achieve	food	security	
and	improved	nutrition	and	promote	
sustainable	agriculture		

3.	ensure	healthy	lives	and	promote	
well-being	for	all	at	all	ages		4.	ensure	inclusive	and	equitable	

quality	education	and	promote	
lifelong	learning	opportunities	for	all		

5.	achieve	gender	equality	and	
empower	all	women	and	girls		

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

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

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

9.	build	resilient	infrastructure,	promote	
inclusive	and	sustainable	industrialization	
and	foster	innovation	

10.	reduce	inequality	within	
and	among	countries	

11.	make	cities	and	human	
settlements	inclusive,	safe,	
resilient	and	sustainable	

12.	ensure	sustainable	
consumption	and	
production	patterns	

13.	take	urgent	action	to	
combat	climate	change	
and	its	impacts	

14.	conserve	and	sustainably	use	the	
oceans,	seas	and	marine	resources	for	
sustainable	development	

15.	protect,	restore	and	promote	
sustainable	use	of	terrestrial	ecosystems,	
sustainably	manage	forests,	combat	
desertification,	and	halt	and	reverse	land	
degradation	and	halt	biodiversity	loss	

16.	promote	peaceful	and	inclusive	
societies	for	sustainable	development,	
provide	access	to	justice	for	all	and	
build	effective,	accountable	and	
inclusive	institutions	at	all	levels	

17.	strengthen	the	means	of	
implementation	and	revitalize	
the	global	partnership	for	
sustainable	development	
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Hahn and Tai were flipping a coin. 
 

Hahn bet $100 on heads, 
 and Tai bet $100 on tails. 

 

They agreed:  
 the first to get 5 would win the $200.  

Their game was interrupted and could not be 
continued with Hahn ahead – 4 heads to 1 tails. 

•   How much of the $200 should Hahn get? 
•   How much for Tai? 
•   Explain your reasoning.  



Hahn gets $200. (He was ahead  
when the game was almost done.) 

They both get $0. (Failed game: Give 
the money to charity.) 
They each get $100. (Incomplete game: 
they get their money back.) 

Hahn gets $187.50 and Tai gets $12.50. 
Calculate the 

 1     1     1     1       1                             1    
 2     2     2     2      16                           16 

x      x      x     =                     $200 x  

Hahn $199.68. Tai, $0.32.   Experimental probability. 
 1     1     1     1        1                           1     
 5     5     5     5      625                       625 

x      x      x     =                   $200 x  

probability of Tai winning: (theoretical) 



Competencies for responsible mathematics 

Distinctions in mathematical knowing: 
 

•  knowing how (instrumental understanding) 
•  knowing why (relational understanding) 
•  knowing which (system understanding) 
•  knowing when (critical understanding) 
•  knowing about (understanding the discipline) 
•  knowing to (agency) 
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Potential contributions of mathematics 

Six	activities	of	mathematics	(Bishop):	
•  counting	
•  measuring	
•  locating	
•  designing	
•  explaining	
•  playing	

	
When	people	design,	explain,	or	play	with	
counting,	measuring	or	locating,	they	are	doing	
mathematics.	



Potential contributions of mathematics 

Six	activities	of	mathematics	(Bishop):	
•  counting	
•  measuring	
•  locating	
•  designing	
•  explaining	
•  playing	

	
When	people	design,	explain,	or	play	with	
counting,	measuring	or	locating,	they	are	doing	
mathematics.	



Potential contributions of mathematics 

Six	activities	of	mathematics	(Bishop):	
•  counting	
•  measuring	
•  locating	
•  designing	
•  explaining	
•  playing	

	
When	people	design,	explain,	or	play	with	
counting,	measuring	or	locating,	they	are	doing	
mathematics.	



Six	activities	of	mathematics	(Bishop):	
•  counting	
•  measuring	
•  locating	
•  designing	
•  explaining	
•  playing	

	
When	people	design,	explain,	or	play	with	
counting,	measuring	or	locating,	they	are	doing	
mathematics.	

Potential contributions of mathematics 



Potential contributions of mathematics 
We	can	communicate	with	
•  precision	
•  accuracy	

Necessary	for	agreements	
(treaties,	contracts,…)	



History	tells	us	that	quantification	is	associated	with	the	
development	of	democracies	and	other	forms	of	community	
responsibility	(Porter,	1995).	
	
When	decision	makers	are	not	identified	through	heredity	or	
connection	to	deities,	they	must	prove	that	their	decisions	
are	made	in	the	interests	of	the	collective	good.		

Potential contributions of mathematics 
We	can	prove	our	claims	and	justify	our	choices.	



History	tells	us	that	quantification	is	associated	with	the	
development	of	democracies	and	other	forms	of	community	
responsibility	(Porter,	1995).	
	
When	decision	makers	are	not	identified	through	heredity	or	
connection	to	deities,	they	must	prove	that	their	decisions	
are	made	in	the	interests	of	the	collective	good.		

•  Mathematics	gives	citizens	and	tools	for	this	kind	of	
justification.		

complicated	(used	against	us)	

Potential contributions of mathematics 
We	can	prove	our	claims	and	justify	our	choices.	
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Potential contributions of mathematics 
Negotiating	complex	systems	

individual	current	needs	 needs	for	everyone	

mathematics	
provides	tools	

for	
balancing	
conflicting	

goals	

needs	for	the	future	

systems	thinking	



Potential contributions of mathematics 

To	balance	conflicting	needs	we:	
•  consider	indicators	of	attainment	for	identified	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	identify	an	optimum	decision,	
•  compare	regions	to	see	who/what	needs	attention.	
	
This	depends	on	the	quality	of	our	choices	about:	

•  what	to	measure/count	
•  which	measures	to	value	the	most,	and		
•  the	mathematical	model	for	predicting	results	

It	may	seem	arbitrary,	but	it	can	be	less	arbitrary	than	the	alternative.	



Potential contributions of mathematics 
Examples	of	indicators:	



Potential contributions of mathematics 
Examples	of	indicators:	

GDP	
(Gross	Domestic	Product)	

GDP	Growth	 GDP	(PPP)	
Purchasing	Power	Parity	

GINI	
	

also	
	
Human	Development	Index	

also	
	
Human	Development	Index	
Inclusive	Wealth	Report	

also	
	
Human	Development	Index	
Inclusive	Wealth	Report	
Gross	Domestic	Happiness	
	

also	
	
Human	Development	Index	
Inclusive	Wealth	Report	
Gross	Domestic	Happiness	
	
and	many	possibilities…	



Potential contributions of mathematics 
We	can	measure:	
•  pollution		
•  income	
•  law	breaking	
•  education	attainment	
•  reading	
•  critical	thinking	
•  ...	

This	supports		
•  engaged	citizens	
•  local	and	global	decision	making	

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



Potential contributions of mathematics 
We	can	measure:	
•  pollution	 We	can	compare	

•  regions	
	



Potential contributions of mathematics 

We	can	compare	
•  across	time	
	



Potential contributions of mathematics 

Beauty	(this	is	part	of	peace):	
•  appreciating	diverse	ingenuity	
•  standing	beside	each	other	to	

appreciate	common	experience	
	



Potential contributions of mathematics 

Beauty	(this	is	part	of	peace):	
•  appreciating	diverse	ingenuity	
•  standing	beside	each	other	to	

appreciate	common	experience	
	 4	

3	
5	



Limitations of mathematics 
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Limitations of mathematics 

•  When	is	it	appropriate	to	measure	love,	fear,	pain,	
hunger,	…?	student	attitude,	competence,	…?	

•  Mathematics	can	support	good	motives	and	bad.	
(bombs,	eugenics,	...)	

•  	Abstraction	ignores	local	knowledge.	

When	doing	human	mathematics,		
students	(humans)	should	discuss	the	limitations.	

Limitations:	
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Limitations of mathematics 

•  When	is	it	appropriate	to	measure	love,	fear,	pain,	
hunger,	student	attitude,	competence,	…?	

•  Abstraction	ignores	local	knowledge.	
•  But,	moving	away	from	context	can	help	us	see	a	

system	at	work.	

Mathematics	is	known	for	abstraction,	but	both	important:	
•  abstraction	(moving	to	the	abstract)	
•  particularization	(moving	from	the	general	to	particular)	

Incarceration	Rates	by	Race	2010	(USA)	

%	of	US	
population	
in	prison	
39%	
19%	
40%	

National	
incarceration	rate	
(per	100,000)	

450	
831	
2,306	

	
	

Race/ethnicity	
White	
Hispanic	
Black	

	
%	of	US	

population	
64%	
16%	
13%	



Curriculum 

curriculum	for	
responsible	citizenship	



Curriculum 
•  too	much	focus	on	procedures	(at	all	levels)	
•  too	many	procedures	

•  we	need	time	to	dwell	deeply	



Curriculum 
•  too	much	focus	on	procedures	(at	all	levels)	
•  too	many	procedures	

•  we	need	time	to	dwell	deeply	
	
Missing:	
•  modeling	
•  quantity	sense	
•  probability	reasoning	

Schelling	-	segregation	

climate	change:	
when	shall	we	act?	

How	much	is	a	trillion?	



Principles for teaching 

find	at:	
davewagner.ca/SDG	

principles	
for	

teaching	



Principles for teaching - guidelines 
•  real	contexts,	real	data	
•  attention	to	human	choices	
•  complexity	(avoid	simplicity)	
•  show	mathematics	serving	the	context,	not	vice	versa	
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•  real	contexts,	real	data	
•  attention	to	human	choices	
•  complexity	(avoid	simplicity)	
•  show	mathematics	serving	the	context,	not	vice	versa	

•  dialogue	among	students	
•  dialogue	between	students	and	community	
•  dialogue	between	across	borders	

•  Questions	with	multiple	solutions	
•  Group	work	and	presentations	
•  Assignments:	gather	community	data,	

report	to	community	
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•  current	issues	
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•  capitalize	on	available	technologies	
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Principles for teaching - resources 



Mathematics	is	a	human	activity,	
a	way	of	addressing	challenges	
in	particular	human	contexts.	

(or	a	set	of	ways)	

Principles for teaching – human activity 

To	teach	mathematics	for	peaceful	and	
sustainable	life,	a	humanist	understanding	
of	mathematics	is	most	relevant.		



Principles for teaching – human choices 
Being	attentive	to	mathematics:	

Noticing	the	roots	and	fruits	of	
mathematical	thinking.	
	

	
Fruits:	How	do	our	mathematical	
obsessions	shape	the	things	we	
construct	in	the	world?	
	
Roots:	How	do	natural	phenomena	
inspire	our	mathematical	obsessions?	
	
	Notice	nature	and	the	mathematics	it	inspires.	
Notice	human	constructions	and	ask	how	mathematics	
influences	the	design	(physical	and	other	constructs).		



Principles for teaching – knowledge 

community	
knowledge	

classical	
knowledge	

critical	
knowledge	

Gutstein	(2007)	

•  knowing how 
•  knowing why 
•  knowing which 
•  knowing when 
•  knowing about 
•  knowing to 
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