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Mathematics  
and  

Critical Thinking



an educational heritage



Modern educational systems, beginning in the early eighteen-hundreds, 
were subject to pressures of numbers and an increasing recognition that 
classical methods and topics of education were slow and unproductive. 
Jeremy Bentham’s Chrestomathia school, developed for the growing 
middle classes and designed to address the need for faster and more 
immediately useful educational outcomes, is paradigmatic of the view that 
education is for utility, and a largely scientific utility at that (Bentham, 1816).  

Both critics and supporters of Bentham acknowledged that schools were to 
be modelled on factory processes, and this was something of a selling 
point for many; but not for all. Elissa Itzkin (1978) notes correspondence 
from a school of the time expressing concerns that the roles of students 
and masters are too rigorously defined within this model.



“Indeed, the duties of each must be made perfectly 
mechanical. There must be no doubt or hesitation on the 
part of the master or pupil; for doubt would produce delay 
and dispute, and consequently throw the whole machine 
into disorder. Hence there can be no appeal to the 
reasoning powers; for reasoning, never can be reduced to 
mechanism . . . every boy must conform to the average 
motion of the School. “
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mathematics and critical thinking 
some possible models…



Mathematics

Mathematics is sufficient for critical thinking

Model One
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Mathematics is necessary for critical thinking

Model Two
(absolutist)
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Critical Thinking

*

Mathematics 

• Mathematics is neither necessary nor sufficient for critical thinking
• Critical thinking is neither necessary nor sufficient for mathematics

Model Three  

**

(independence) 



some initial comments



analytical thinking        critical thinking ≠







“When students think critically in mathematics, they make reasoned 
decisions or judgments about what to do and think. In other words, 
students consider the criteria or grounds for a thoughtful decision 
and do not simply guess or apply a rule without assessing its 
relevance.” 

Critical Thinking Consortium [CA]

What makes this definition unique to mathematics?
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Introductory activity — a mathematical scenario

Did the dingo go around the goanna?





Teaching by echo-location











The good teacher



‣Take from the canon of discipline 
knowledge that which is developmentally 
appropriate for students. 
‣Logically and engaging structure and 
sequence work. 
‣Test for understanding along the way



We often ask questions that require 
cognitive skills without showing why 
those skills are necessary or how they 
are used.









Inquiry is the opportunity to use and 
develop cognitive skills



A cognitive hierarchy 



A cognitive web 



Evaluating our thinking? 

thinking     inquiry≡



THE Q MATRIX                  
 
 

 
 

 Event Situation Alternatives people Reasons Means 

 what where/when which who why how 

Present 

      is 

Past 

      did/was 

Possibility 

      can 

Probability 

      would 

Prediction 

      will 

Imagination 

      might 

Decision/Choice 

      should 





Critical thinking as a values education
Values	of	Inquiry—supporting	questions		

Values	of	inquiry	modified	from	Elder,	L.	and	R.	Paul	(2001).	"Critical	Thinking:	Thinking	with	
Concepts."	Journal	of	Developmental	Education	24(3).	
2011-2016,	Attribution-NonCommercial-ShareAlike	2.5	Australia	(CC	BY-NC-SA	2.5	AU)	
Peter	Ellerton	University	of	Queensland,	Australia	

	

• Are	your	examples	useful?	
• Is	your	argument	structure	clear?	
• Are	your	diagrams	easy	to	understand?	
• Is	your	paragraph	structure	well-developed?	
• Are	your	words	well-deDined	and	unambiguous?	

Clarity	

• Is	your	argument	sound?	
• Are	your	claims	justiDied?	
• Is	what	you	are	saying	true?	
• Have	you	represented	ideas	faithfully?	
• How	could	people	check	on	your	claim?	

Accuracy	

• Is	your	attention	to	detail	sufDicient?	
• Have	you	used	technical	terms	appropriately?	
• Have	you	quantiDied	your	information	where	appropriate?	
• Are	any	bullet	points	categorically	distinct	from	each	other?	
• Have	you	identiDied	areas	of	vagueness	or	ambiguity	in	your	topic?	

Precision	

• Have	you	focussed	on	the	point	at	issue?	
• Have	you	selected	information	supporting	the	topic?	
• Have	you	minimised	distracting	or	unhelpful	information?	
• Have	you	been	able	to	identify	why	information	is	relevant?	
• Have	you	justiDied	why	your	selection	of	material	is	relevant?	

Relevance	

• Have	you	avoided	superDicial	issues	or	arguments?	
• Have	you	identiDied	and	developed	your	core	ideas?	
• Has	your	analysis	identiDied	the	most	signiDicant	areas?	
• Have	you	identiDied	the	most	meaningful	aspects	of	your	topic?	
• Has	your	treatment	of	the	topic	focused	on	substantive	aspects?	

SigniDicance	

• Are	the	complexities	of	the	issue	sufDiciently	described?	
• Have	you	been	thorough	in	your	treatment	of	the	issue?	
• Are	your	analogies	effective	and	your	generalisations	well-justiDied?	
• Do	your	arguments	consider	premises	that	are	themselves	conclusions?	
• Have	the	problematic	aspects	of	the	issue	been	identiDied	and	dealt	with?	

Depth	

• Have	you	considered	alternative	perspectives?	
• Have	you	represented	a	broad	range	of	alternative	views?	
• Why	have	you	preferenced	one	perspective	over	another?	
• Have	you	sought	out	others	for	the	purpose	of	testing	your	ideas?	
• Has	your	breadth	of	treatment	allowed	you	to	synthesis	a	new	perspective?	

Breadth	

• Have	you	avoided	using	logical	fallacies?	
• Have	you	avoided	contradicting	statements?	
• Are	your	ideas	developed	in	a	logical	manner?	
• Do	all	your	premises	support	your	conclusions?	
• Have	you	used	transition	phrases	to	identify	logical	progressions?	

Coherence	
(Logic)	



Critical thinking as a values education

3 things to understand about values: 

1. That something is a value 
2. Why it is a value 
3. How to apply the value



Critical thinking as a values education





What is the least valuable thing you could put in this cup?

CT only taught in a discipline context?





Knowledge makers of the future.
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it works







teaching value
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