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Dr Peter Ellerton

• ACARA critical and creative thinking rewrite

• NSW DoE: On critical thinking and collaborative inquiry

• National Assessment Program Scientific Literacy working 

committee 

• QCAA critical thinking framing paper

• European Commission Joint research Centre “Enlightenment 

2.0” – Placing reason at the centre of political decision-making; 

meaningful and ethical communication

• Australian Research Council Grant: Problem-based Learning in 

STEM Education
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1. Identify key cognitive targets for 

developing student thinking

2. Provide feedback on the quality of 

student thinking

3. To understand the mechanisms of 

collaboration and how to optimise it 

in the classroom

Goals
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Connecting thinking and learning



A pedagogical 
schema for 
expertise in 

Teaching for 
Thinking
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Session One

Cognitive skills and how to use them



What are cognitive skills?
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This Photo by Unknown Author is licensed under CC BY

Cognitive skills are 

used to develop, 

manipulate and create 

knowledge

https://pilulasmaternas.com.br/metodologias-para-educacao-infantil-principais-diferencas/crianca-ideia/
https://creativecommons.org/licenses/by/3.0/


What are cognitive skills?
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This Photo by Unknown Author is licensed under CC BY

The power of 

developing cognitions 

is in understanding 

their interplay with 

content knowledge

https://pilulasmaternas.com.br/metodologias-para-educacao-infantil-principais-diferencas/crianca-ideia/
https://creativecommons.org/licenses/by/3.0/


What are cognitive skills?
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What can students do 

with their knowledge?



ZONE A: KNOWLEDGE USE AND CONSTRUCTION

       
         

        
      

         
       

          
       

       

              
               

             
            

        

          
            
           

           
         

  

  

       
         

        
      

         
       

          
       

       

              
               

             
            

        

          
            
           

           
         

  

  

ANALYSE

JUSTIFY

EVALUATE

EXPLAIN



ZONE A: KNOWLEDGE USE AND CONSTRUCTION
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What do you expect 

students to do when they 

analyse?
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What do you expect 

students to do when they 

justify?
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What do you expect 

students to do when they 

evaluate?
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What do you expect 

students to do when they 

explain?
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What do you expect 

students to do when they 

explain?

What is the difference 

between ‘explain’ and 

‘describe’?
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ZONE A: KNOWLEDGE USE AND CONSTRUCTION

ANALYSE
JUSTIFY

EVALUATE
EXPLAIN

Things that are cognitive skills

SNORING
UNDERSTANDING

BANANAS

Things that are not cognitive skills



cognitive 
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ZONE A: KNOWLEDGE USE AND CONSTRUCTION
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T         m           m’  T x   m                                  
its authors. This is evidenced in their discussion of analysis: “      
probably more defensible educationally to consider analysis as an aid to 
fuller comprehension (a lower-class level) or as a prelude to an 
                  m       ” (p.144). The authors also acknowledged 
      m             x   m ’                                   
evaluation: “                                                      m    
because it is regarded as requiring to some extent all the other 
categories of behavior, it is not necessarily the last step in thinking or 
problem solving. It is quite possible that the evaluation process will in 
some cases be the prelude to the acquisition of new knowledge, a new 
attempt at comprehension or application, or a new analysis and 
         ” ( .185).      mm   ,                                   m’  
Taxonomy simply did not hold together well from logical or empirical 
perspectives. (Marzano, 2006, pp.8–9)

ZONE A: KNOWLEDGE USE AND CONSTRUCTION
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Two significant problems:

1. ‘H     -     ’            
               ‘     -     ’ 
skills

2.       ‘      -     ’           
discriminators between 
grade levels

ZONE A: KNOWLEDGE USE AND CONSTRUCTION



the
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e aluate

anal se

interpret  usti  
h pothesise

organise

explain

  web o  cognitions

ZONE A: KNOWLEDGE USE AND CONSTRUCTION



the 
Golden 
Tetrad
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ZONE A: KNOWLEDGE USE AND CONSTRUCTION



explain justify

evaluateanalyse

The engine of 

cognition 

in the 

classroom

The GOLDEN TETRAD



Some relationships between the 
cognitions:

• The extent of understanding and 
quality of explanation is a function of 
the depth and breadth of analysis.

• The strength of a justification is often 
a function of the quality of analysis.

• The persuasiveness of a justification 
is often a function of the quality of 
explanation

• The criteria of evaluation are used to 
justify and explain decisions (and 
themselves require justification).

analyse

explain

justify

evaluate
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ZONE A: KNOWLEDGE USE AND CONSTRUCTION

       …
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ZONE A: KNOWLEDGE USE AND CONSTRUCTION
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anal se
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Analyse

Construct

Evaluate

Explain

Generate

Hypothesise

Identify

Infer

Interpret

Justify

Organise

Speculate

State

Synthesise

What can you infer about this civilization?



Analyse

Construct

Evaluate

Explain

Generate

Hypothesise

Identify

Infer

Interpret

Justify

Organise

Speculate

State

Synthesise

What can you infer about this civilization?

e aluate

anal se

interpret

 usti  

h pothesise

organise

explain

 olden tetrad

in er



Which one doesn’t belong?

A. He dashed quickly through the forest.

B. He eavesdropped while they spoke.

C. She glared menacingly at her opponent.

D. They were seriously overwhelmed by the other side.

Analyse

Construct

Evaluate

Explain

Generate

Hypothesise

Identify

Infer

Interpret

Justify

Organise

Speculate

State

Synthesise



Which one doesn’t belong?

e aluate

anal se

interpret

 usti  

h pothesise

organise

explain

 olden tetrad

in er

Analyse

Construct

Evaluate

Explain

Generate

Hypothesise

Identify

Infer

Interpret

Justify

Organise

Speculate

State

Synthesise



Analyse the graph below Analyse

Construct

Evaluate

Explain

Generate

Hypothesise

Identify

Infer

Interpret

Justify

Organise

Speculate

State

Synthesise

What might explain the closing of the gap between 
dolphin and human brain size from 15 M years ago?



Analyse the graph below Analyse

Construct

Evaluate

Explain

Generate

Hypothesise

Identify

Infer

Interpret

Justify

Organise

Speculate

State

Synthesise

e aluate

anal se

interpret

 usti  

h pothesise

organise

explain

 olden tetrad

in er



Golden Tetrad poster



Something you might find useful



Content complexity
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Problem types and cognitive requirements

Increasing degrees of

freedom of inquiry



CLARITY

OF 

PURPOSE

(what you will be 

doing and why you 

will be doing it)

PRECISION 

OF 

LANGUAGE



Session Two

What do we value in good thinking?

(the Values of Inquiry)



       
         

        
      

         
       

          
       

       

              
               

             
            

        

          
            
           

           
         

  

  

Improvement 
demands 
feedback

ZONE B: FEEDBACK AND EVAULATION OF THINKING



How can we 
evaluate
thinking?



       
         

        
      

         
       

          
       

       

              
               

             
            

        

          
            
           

           
         

  

  

Thinking is
inseparable 

from 
inquiry 

ZONE B: FEEDBACK AND EVAULATION OF THINKING



The
values of
inquiry

Values of Inquiry poster



ZONE B: FEEDBACK AND EVAULATION OF THINKING
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values

of

inquiry

Specific feedback

(“do this”)

General feedback 

(“appl  this  alue”) 

ZONE B: FEEDBACK AND EVAULATION OF THINKING



ZONE B: FEEDBACK AND EVAULATION OF THINKING

• Can you give me some examples of what you mean? (clarity)

• Could you provide a diagram to make that clearer? (clarity)

• Check your use of technical language. (clarity, precision)

• Can you strengthen your justification? (coherence, depth)

• Check you have accurately represented that idea. (accuracy)

• Giving more detail would provide a better understanding of your point. (accuracy, 

precision, depth)

• Can you quantify this statement? (precision)

• Your central point is not clear. (clarity, coherence)

• Is all the information you have included necessary to make your point? (relevance, 

significant, coherence)

• Consider if all your points are necessary to justify your conclusion. (simplicity, clarity)

• Can you justify why you have focused on this? (relevance, significance)

• Are there any counterarguments you should consider? (breadth)

• What implications would this have if it were true? (coherence, depth, breadth)

• Make sure you give your reader the information they need when they need it. 

(coherence)



Consider the Golden Tetrad of cognitive skills
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What  alues o  inquir  do  ou most associate with “anal se”?



Consider the Golden Tetrad of cognitive skills
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What  alues o  inquir  do  ou most associate with “ usti  ”?



Consider the Golden Tetrad of cognitive skills
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What  alues o  inquir  do  ou most associate with “e aluate”?



Consider the Golden Tetrad of cognitive skills

52

What  alues o  inquir  do  ou most associate with “explain”?



How can cognitions and the VOI inform criteria sheets?

53





How can students demonstrate discerning, astute or insightful 

analysis?

Discerning – discriminating; 

showing intellectual 

perception; showing good 

judgement; making thoughtful 

and astute choices; selected 

for value or relevance

Astute – showing an ability to 

accurately assess situations 

or people; of keen 

discernment

Sophisticated – of 

intellectual complexity; 

reflecting a high degree 

of skill, intelligence, etc.; 

employing advanced or 

refined methods or 

concepts; highly 

developed or 

complicated

Considered – formed after careful and 

deliberate thought
Effective – successful in producing the 

intended, desired or expected result; 

meeting the assigned purpose

Adequate – satisfactory or acceptable in quality 

or quantity equal to the requirement or 

occasion

Appropriate – acceptable; suitable or fitting 

for a particular purpose, circumstance, 

context etc.

Insightful – showing understanding 

of a situation or process; 

understanding relationships in 

complex situations; informed by 

observation and deduction



Discerning – discriminating; 

showing intellectual 

perception; showing good 

judgement; making thoughtful 

and astute choices; selected 

for value or relevance

Astute – showing an ability to 

accurately assess situations 

or people; of keen 

discernment

Sophisticated – of 

intellectual complexity; 

reflecting a high degree 

of skill, intelligence, etc.; 

employing advanced or 

refined methods or 

concepts; highly 

developed or 

complicated

Considered – formed after careful and 

deliberate thought
Effective – successful in producing the 

intended, desired or expected result; 

meeting the assigned purpose

Adequate – satisfactory or acceptable in quality 

or quantity equal to the requirement or 

occasion

Appropriate – acceptable; suitable or fitting 

for a particular purpose, circumstance, 

context etc.

Insightful – showing understanding 

of a situation or process; 

understanding relationships in 

complex situations; informed by 

observation and deduction

How can students demonstrate discerning, astute or insightful 

analysis?



Consider the QLD Ancient History syllabus
Sample ISMG
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Consider the QLD Ancient History syllabus
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Consider the QLD Ancient History syllabus
Sample ISMG

59



Consider the QLD Ancient History syllabus
Sample ISMG
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Consider the QLD Ancient History syllabus
Sample ISMG
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Session Three

Mechanisms of Collaboration



COLLABORATION



“I lo e the chatter, shouts and laughter that echoes 

through our corridors, the charged silence of 

classrooms filled with concentrated learning and the 

smiles of students and staff as they go about the 
business o  education. “

Letter from a principal

COLLABORATION



COLLABORATION



Reasons to collaborate

• Why is collaboration important?

• What are the inhibitors of good collaboration?

• What are the enablers of good collaboration?

• How can students be metacognitive about their collaboration?
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In a seminal paper, Michaelson, Watson and Black (1989)1 identified what they called an assembly bonus 

in teams working collectively (p.843). They found that the performance of the group (3-8 members) 

eclipsed that of the most able member 97% of the time. Just as striking, in 40% of the cases the group 

performance could not be explained by recourse to average or highest individual scores (ibid). Woolley et 

al. (2010)2 suggest that a general collective intelligence factor, c, analogous to individual general 

intelligence, exists for groups as measured across a wide variety of tasks. 

Their findings indicate that this so-called c-factor does not correlate well with individual or average general 

intelligence and is most strongl  aligned with “a erage social sensiti it  o  group members, [and] the 

equality in distribution of conversational turn-taking” (p. 686).

The assembly bonus

1 Michaelsen, L. K., Watson, W. E., & Black, R. H. (1989). A realistic test of individual versus group consensus decision 

making. Journal of Applied Psychology, 74(5), 834–839. https://doi.org/10.1037/0021-9010.74.5.834

2 Woolley, A. W., Chabris, C. F., Pentland, A., Hashmi, N., & Malone, T. W. (2010). Evidence for a Collective Intelligence Factor in the 

Performance of Human Groups. Science, 330(6004), 686–688.

https://psycnet.apa.org/doi/10.1037/0021-9010.74.5.834
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Characteristics of collaboration

     

 tudents are

accountable to

each other

E er one

 alued as a

co inquirer

E er one

in ol ed as

o ten as

possible

 hared

understanding

o  and

commitment

to a goal

 ocial

cognition

(thinking

together)

 tudents

test

each other s

ideas and

assumptions

C    C E I  IC 

  

C         I  



Collaboration poster



Materially extended cognition

71

Materially 

extended 

cognition

Challenging the classical idea of 

the individual as the unit of 

cognition
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…it is more appropriate to 

consider cognition (and 

intelligence) as a property 

of the whole system 

within which the individual 

functions rather than as 

something limited by the 

skin or skull.

Karasavvidis, I. (2001). Distributed 

Cognition and educational practice. 

Journal of Interactive Learning 

Research, 13(1/2), 11–30.
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The image of mind that 

emerges is that of the 

leak  mind “escaping its 

natural confines and 

mingling shamelessly with 

bod  and with the world”

Clark A. Being there: Putting brain, 

body and world together again. 

Cambridge, MA: MIT Press; 1997.
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Materially 
extended 
cognition

Each of these can act as 

an integrated part of our 

cognition. 



75

Because we take them for 

granted, we do not notice them 

and, as Pea noted, once they 

become invisible, intelligence is 

typically attributed only to the 

individual using them. This 

interpretation, according to Pea 

(1993), is inaccurate since the 

tools literally carry intelligence 

in them as they bear the 

patterns of previous reasoning, 

and they constitute a realization 

of distributed intelligence.

Karasavvidis, I. (2001). Distributed 

Cognition and educational practice. 

Journal of Interactive Learning 

Research, 13(1/2), 11–30.



Lave, Murtaugh, and de la Rocha (1984) reported the case of a shopper who 

“ ound an unusuall  high priced package o  cheese in a bin.  e suspected an 

error. To solve the problem, he searched through the bin for a package 

weighing the same amount and inferred from the discrepancy between the 

prices that one was in error”.  his t pe o  problem-solving behavior shows that, 

instead of engaging in mental arithmetic—which would make the solution more 

effortful and error-prone—the shopper resorted to the environment in an 

attempt to avoid mental effort and make the problem solution much easier, 

essentially offloading the computation onto the environment itself and using it 

as a tool.



The term ‘Songline’ describes the features 

and directions of travel that were included in 

a song that had to be sung and memorised for 

the traveller to know the route to their 

destination. Certain Songlines were referred 

to as ‘Dreaming Pathways’ because of the 

tracks forged by Creator Spirits during the 

Dreaming. These special Songlines have 

specific ancestral stories attached to them.

Songlines

77

https://www.deadlystory.com/page/culture/Life_Lore/Songlines



Socially extended cognition
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Extending the unit of cognition from the individual to the group
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…in V gotsk ’s general 

genetic law of cultural 

de elopment: “e er   unction 

in the child’s cultural 

development appears twice: 

first, on the social level, and 

later, on the individual level; 

first between people (inter 

psychological), and then 

inside the child (intra 

ps chological)” (V gotsk , 

1978; p. 57, emphasis in the 

original).
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Wertsch (1991) provided an 

illustration of this law by 

considering the case of a 

young child who was assisted 

by his mother to remember 

where his toy was. He points 

out that it is impossible to say 

that either participant did the 

remembering, as neither the 

child could have effectively 

managed his memory 

resources nor the mother 

could have known the 

position of the toy. The 

cognitive act of remembering 

was carried out on the 

intermental plane.
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As individuals reason together, their 
inputs and outputs can form a system 
that encompasses and extends what is 
possible as separate agents. Many 
people have experienced collaborative 
sessions in which someone’s question 
or idea has sparked a thought in 
another, assumptions that were 
unconsciously held have been made 
public and actionable, one person’s 
proposal has been built upon by 
another who would not have been able 
to do so otherwise, and so on. 

In these cases, other minds act as 
cognitive resources that are not 
available to us acting in isolation. We 
are not always just communicating the 
results of our completed cognition but 
are engaged in a flow of ideas and 
exchange of partially formed thoughts 
to see where they may lead. The 
exchange is a part of the cognitive 
process, and the result is more than the 
sum of the parts.

Ellerton et al., 2024, forthcoming



Ellerton, P. (2015). Metacognition in critical thinking: Some pedagogical 

imperatives. In M. Davis (Ed.), Palgrave Handbook of Critical Thinking 

in Higher Education. Palgrave Macmillan.



DRAFT

Criteria 1 - Poor 2 - Fair 3 - Good 4 - Very Good 5 - Excellent

Shared Goals and Vision No clarity or alignment of objectives Some alignment but objectives are 

not clear to all

Clear objectives but not all are 

aligned

Mostly aligned with clear objectives Fully aligned with a clear and 

shared vision

Open Communication Rarely communicates; many 

misunderstandings

Limited communication; some 

misunderstandings

Regular communication; occasional 

misunderstandings

Frequent and clear communication; 

few misunderstandings

Constant open and effective 

communication

Mutual Trust and Respect Mistrust evident; no respect for 

contributions

Occasional trust issues; minimal 

respect

Generally trusting and respectful High trust and respect with 

occasional lapses

Absolute trust; deep respect 

for all contributions

Active Participation Rarely contributes; minimal 

involvement

Occasional contributions; limited 

involvement

Regular contributions but not fully 

engaged

Actively contributes most of the time Fully engaged; consistently 

proactive

Flexibility Resistant to change or feedback Struggles with change; occasionally 

considers feedback

Adaptable but with some resistance Often flexible and open to feedback Always adaptable; embraces 

change and feedback

Diversity of Skills and 

Knowledge

Homogeneous skills; no diversity Limited diversity; some overlapping 

skills

Balanced skill set but lacks diversity Diverse skills with some unique 

expertise

Highly diverse and 

complementary skill sets

Joint Decision-making Decisions made unilaterally Some joint decisions but occasional 

exclusion

Joint decisions made regularly Mostly inclusive decision-making Always inclusive and collective 

decision-making

Shared Accountability Blames others; avoids responsibility Sometimes accepts responsibility; 

occasional blame

Generally shares responsibility but 

with lapses

Often accountable with minimal 

blame

Fully accountable; no blame 

culture

Conflict Resolution Avoids conflicts; unresolved issues Some conflicts addressed but not 

effectively

Regularly addresses conflicts; some 

unresolved

Effectively resolves most conflicts Always addresses and 

resolves conflicts 

constructively

Feedback Loops Rarely seeks or gives feedback Occasionally seeks or gives 

feedback

Regular feedback but not always 

acted upon

Frequent feedback with most being 

actionable

Continuous feedback and 

always acts upon it

Shared Leadership One dominant leader; no role 

changes

Occasional shared roles; limited 

leadership diversity

Shared leadership but with clear 

dominant figures

Often shared leadership with 

rotating roles

Fully shared leadership; roles 

adapt as needed

Synergy Individual efforts; no combined value Some joint efforts but limited 

synergy

Clear synergy but with some 

isolated efforts

High synergy with occasional 

individual efforts

Full synergy; combined effort 

exceeds individual 

contributions

Transparent Processes Processes unclear and confusing Some processes in place but lack 

clarity

Clear processes but not always 

followed

Mostly clear and often followed 

processes

Fully transparent and always 

followed processes

University of Queensland Critical Thinking Project: Draft Collaboration Matrix

Dr Peter Ellerton, UQ Critical Thinking Project



Criteria 1 - Poor 2 - Fair 3 - Good 4 - Very Good 5 - Excellent

Shared Goals and Vision No clarity or alignment of objectives Some alignment but objectives are 

not clear to all

Clear objectives but not all are 

aligned

Mostly aligned with clear objectives Fully aligned with a clear and 

shared vision

Open Communication Rarely communicates; many 

misunderstandings

Limited communication; some 

misunderstandings

Regular communication; occasional 

misunderstandings

Frequent and clear communication; 

few misunderstandings

Constant open and effective 

communication

Mutual Trust and Respect Mistrust evident; no respect for 

contributions

Occasional trust issues; minimal 

respect

Generally trusting and respectful High trust and respect with 

occasional lapses

Absolute trust; deep respect 

for all contributions

Active Participation Rarely contributes; minimal 

involvement

Occasional contributions; limited 

involvement

Regular contributions but not fully 

engaged

Actively contributes most of the time Fully engaged; consistently 

proactive

Flexibility Resistant to change or feedback Struggles with change; occasionally 

considers feedback

Adaptable but with some resistance Often flexible and open to feedback Always adaptable; embraces 

change and feedback

Diversity of Skills and 

Knowledge

Homogeneous skills; no diversity Limited diversity; some overlapping 

skills

Balanced skill set but lacks diversity Diverse skills with some unique 

expertise

Highly diverse and 

complementary skill sets

Joint Decision-making Decisions made unilaterally Some joint decisions but occasional 

exclusion

Joint decisions made regularly Mostly inclusive decision-making Always inclusive and collective 

decision-making

Shared Accountability Blames others; avoids responsibility Sometimes accepts responsibility; 

occasional blame

Generally shares responsibility but 

with lapses

Often accountable with minimal 

blame

Fully accountable; no blame 

culture

Conflict Resolution Avoids conflicts; unresolved issues Some conflicts addressed but not 

effectively

Regularly addresses conflicts; some 

unresolved

Effectively resolves most conflicts Always addresses and 

resolves conflicts 

constructively

Feedback Loops Rarely seeks or gives feedback Occasionally seeks or gives 

feedback

Regular feedback but not always 

acted upon

Frequent feedback with most being 

actionable

Continuous feedback and 

always acts upon it

Shared Leadership One dominant leader; no role 

changes

Occasional shared roles; limited 

leadership diversity

Shared leadership but with clear 

dominant figures

Often shared leadership with 

rotating roles

Fully shared leadership; roles 

adapt as needed

Synergy Individual efforts; no combined value Some joint efforts but limited 

synergy

Clear synergy but with some 

isolated efforts

High synergy with occasional 

individual efforts

Full synergy; combined effort 

exceeds individual 

contributions

Transparent Processes Processes unclear and confusing Some processes in place but lack 

clarity

Clear processes but not always 

followed

Mostly clear and often followed 

processes

Fully transparent and always 

followed processes
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• What have you heard today 

that resonated with your 

practice?

• What are the implications of 

these ideas for your 

practice?

• What further questions or 

challenges do you have?

Where to from here?
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