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Understanding
critical thinking




We are drowning in information, but
clarity is rare.

Education’s role is to teach students
how to navigate uncertainty and
think critically, not just consume and
respond.




People must not just
be informed, they
must have agency.




UQ Critical Thinking Project Thinking Schools Network (TSN)

content
knowledge

cognitive
skills

INQUIRY

virtues of
inquiry

values of
inquiry

Over 400 Schools, Universities and
other institutions

Over 5000 Educators

Pacific Partnership: ULCA and
Pepperdine universities,
California; Simon Fraser
University, British Columbia
Australia, Singapore, South Africa,
Belgium, USA, Canada

Strong research output




Pedagogical expertise in Teaching for Thinking

cognitive
skills

feedback and
evaluation of
thinking

knowledge use
and construction

B
content

knowledge DAL

developing
virtues and
dispositions

creating new
knowledge

virtues of
inquiry

values of
inquiry

Content Knowledge: discipline area, year level,
curriculum based

Cognitive skills: things we do with knowledge
(analyse, justify, evaluate, explain, etc.)

Values of inquiry: things we value in good
inquiry/thinking (clarity, accuracy, precision,
relevance, significance, breadth, depth,
coherence, etc.)

Virtues of inquiry: things we value in effective
inquirers/knowledge makers (resilience, open-
minded, curious, persistent, humility, etc.)

Inquiry: the opportunity to use and develop
cognitive skills and inquiry values and virtues
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Pedagogical Imperative #1

Focus on student thinking

Inquiry is the means of production of knowledge




Three key questions in the classroom

1. How do you know students are thinking in your classroom?

2. How do you plan for that thinking to occur with the same precision and intentionality that
you use for planning content?

3. How do you give students feedback on the quality of their thinking?




Explicit focus on

Explicit focus on student thinking




The idea that deep and lasting learning is a product of
thinking provides a powerful case for the teaching of
thinking. Indeed, we venture that the true promise of the
teaching of thinking will not be realized until learning to

think and thinking to learn merge seamlessly.

Ritchart & Perkins




Thinking is the method
of intelligent learning

John Dewey l
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Rethinking cognitive skills
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What do you want your students to do when they....

Justify Evaluate Explain Analyse

E

Identify Describe Infer Hypothesise




What do you expect students to ANALYSE
do when they analyse?




What do you expect students to ANALYSE

do when they justify? JUSTIFY
EVALUATE

EXPLAIN




What do you expect students to ANALYSE

do when they evaluate? JUSTIFY
EVALUATE

EXPLAIN




What do you expect students to ANALYSE

do when they explain? JUSTIFY
EVALUATE

EXPLAIN




Whatdoeyeduexpeetstudentste ANALYSE
oo stnerecalaie USTIAT

EVALUATE
EXPLAIN

What is the difference between
‘explain’ and ‘describe’?




disconnected knowledge understanding

0
o 9 o
0

ANALYSE
JUSTIFY
EVALUATE
EXPLAIN




Things that are cognitive skills Things that are not cognitive skills

SNORING
ANALYSE UNDERSTANDING
JUSTIFY BANANAS
EVALUATE
EXPLAIN




Beyond Bloom’s taxonomy

Create

Evaluate

y \

- Analyze

Apply




The problems with Bloom’s Taxonomy were indirectly acknowledged by its authors. This
is evidenced in their discussion of analysis: “It is probably more defensible educationally
to consider analysis as an aid to fuller comprehension (a lower-class level) or as a prelude
to an evaluation of the material” . The authors also acknowledged problems with the
taxonomy’s structure in their discussion of evaluation: “Although evaluation is placed last
in the cognitive domain 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. Itis
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 synthesis” (p.185). In summary, the hierarchical structure of Bloom’s
Taxonomy simply did not hold together well from logical or empirical perspectives.
(Marzano, 2006, pp.8-9)




The Cognitive Web model




The Golden Tetrad of cognitive skills
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What can you infer about this civilization? Analyse
Construct

” ‘,‘ X Evaluate
& 5

0 .“‘51, 3 Explain
e Generate
Hypothesise

|ldentify

Infer
Interpret
Justify
Organise
Speculate
State
Synthesise




What can you infer about this civilization? Analyse
Construct

&= Evaluate
1 ﬁl f?‘, ' Explain
e Generate
Hypothesise
|dentify
Infer
Interpret
Justify
Organise
Speculate
State

Synthesise




BRAIN EVOLUTION

Brain size increases
as dolphins develop

echolocation. )

Humans | ; :

|
T Dolphins Brain growth may be
Dolphin ancestor - linked to more social
enters water. behavior.

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




BRAIN EVOLUTION

Brain size increases
as dolphins develop
echolocation.

Humans | I

7 Dolphins Brain growth may be
Dolphin ancestor - linked to more social
enters water. behavior.

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




Some relationships between the cognitions

+ Some relationships between the cognitions: analyse

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.

explain

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).

evaluate




The Golden Tetrad and

Problem Based Learning




Principles of Problem-Based Learning (PBL) in STEM Education: Using
Expert Wisdom and Research to Frame Educational Practice

by Kathy Smith 1, Nicoleta Maynard 2, Amanda Berry 1." &2 Tanya Stephenson 1.1, Tabetha Spiteri
Deborah Corrigan 1 Y, Jennifer Mansfield 1, Peter Ellerton 3 ** and Timothy Smith 3
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Flexible knowledge, skills & Active & strategic Collaboration based on ;
capabilities metacognitive reasoning intrinsic motivation '

I Rich & Relevant Leaming Contexts T




Problem types and cognitive requirements

complex
e Use complex algorithms e Justify, synthesise, evaluate
e Recall, analyse, identify, explain e Apply sophisticated and complex ideas
e Strategically deployed procedural and concepts
knowledge e (Collaborate to frame and identify
e Recognition of complex structures and problems, develop lines of inquiry and
concepts test solutions
well-structured ill-structured
e Use basic algorithms e Analysis, identification, explanation
e Recall, identify e Apply basic ideas and concepts
e Use rote learned procedural knowledge e Use existing knowledge to frame and
e Recognise simple structures and concepts identify problems, develop lines of inquiry
and test solutions
In sing degrees of simple

m of inquiry



Cognitive complexity

Content complexity




The more scalable,
procedural and replicable

education becomes, the
easier itis done by Al.




Pedagogical Imperative #2

Provide feedback on student thinking

Explicitly address thinking using appropriate language and concepts




The values of inquiry
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The root of the word evaluate is value. The values
of inquiry represent those things we value in the
act of inquiry and therefore in thinking, since

thinking is inseparable from inquiry.

The values of inquiry provide criteria to evaluate
the quality of our thinking.




Inquiry values
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Clarity Precision Breadth Significance
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Accuracy Depth Relevance Coherence




The Values of Inquiry: explanations and supporting questions

Dr Peter Ellerton, the University of Queensland.

https:// eritical-thinking. project.ug.edu.au

“The values of inguiry represent things that we value in the act of inquiry and hence in thinking. They
provide a language for providing feedhack on the quality of student thinking and so help us to evaluare

thinking.”

Meaning

Questions

Associated terms

When we communicate with darity, we
ensure that our audience can
undemsand what we mean. We are

Are your examples useful?
Is your argument structure clear?
Are your diagrams easy to understand!

R . ; Interpretation
makingour points s clear 38 posble 1 your parsgraph sructre wel-deeloped? ™
. others. . ) - N
C[anty Are your words well- defined and unambiguous? Meaning
Shared
understanding
When we communicate with accuracy, + Is your argument sound?
we seek to represent all information * Areyour claims justified? Teuth
carrectly and closely aligned with its * Is what you are saying true!
ariginal meaning, + Have you represented ideas faithfully!
Accuracy * How could people check on your claim! Measurement
Correcrness
When we communicate with precision « s your attention to detail sufficient Exactitude
W‘ we are specific and intentional with *  Haveyou used rechnical terms appropriately!
our language and terminology in order « Have you quantified your information where Care
to remove any potential for appropriace! _
Precision  misunderstanding in meaning + Are bullet points cacegorically distinct from each ather!
* Haveyou identified areas of vagueness or ambiguity !
When we communicate wich depth we = Are the complexities of the issue sufficiendy described!
provide detailed information and +  Are your analogies and generalisations welljustified? Scope
explanations to thoroughly develop our + Do you arguments .cnns’idcr premises that are Perspectives
poin. themselves conclusions!
De’pth *  Have the problemartic aspects of the issue beens Alternatives
identified and dealt with?
Detail
Thoroughness
When we communicate with breadeh *  Haveyou considered alternative perspectives! Thoughsful
m we aim to cover a diverse range of + Have you represented a broad range of alternative ughtfulness
— directly relevant content and views! Focus
considerations in relation to the topic. * Why have you preferred one perspective over anather?
Breadth This helps us to ensure that we do not *  Haveyou sought curt others for the purpose of testing Empathy
cour ideas?
ignore any key compoenents. your ideas!
When we communicate with relevance + Haveyou focussed on the point ar issue?
we choose information that relates *+ Have you selecred information supporting the topic?
directly to the points we are developing. + s distracting or unhelpful information minimised? Importance
We do not incorperate any distracting « Have you been able to identify why information is relevant’
+ Have you justified why your selection of material is relevant? Impact

ar useless information that may confuse
our audience.

When we communicate with
significance we discuss the most
important information that is relaced w
the given topic. This allows s to focus

Have you avoided superficial issues or argume nis!?
Have you identified and developed your core ideas!
Have you idenrified the most meaningful aspecrs!
Have you focused on substantive aspects!

SCETMMENT
Connections

Understanding

Significance on key ideas racher than dis_tmc(ing the Application
audience with mngential information.
When we communicate with +  Have you avoided using logical fallacied? Logic
coherence we strucmure our = Haveyou avoided contradicting stanements! Consistency
arguments in away thar makes logieal * Areyour ideas developed in logical manner! Integration
sense. Each point builds towards the * Do all your premises support your condusions! Arpument
Coherence  overall intended meaning of the * Have you used mransition phrases to identify logical Justification
progressions! Persuasiveness

piece

Valees of inquiry modified from Intellectual Sandards of Elder, L. and R. Paul (2001}, Kubn,T. S5R (1970), Lipman, M. TE {2003}




Meaning

(Juestions

Associated terms

Clariry

When we communicate wich daricy, we
ensure that cur sudience can
understand what we mean. We are

making our points as clear as possible o
others.

Are your examples useful?

Is your argument structure clear?

Are your diagrams easy to understand!?
Is your paragraph structure well-developed?

Are vour words well-defined and unambigusus?

<)

Accuracy

When we communicate with acouracy,
we seek to represent all information
correctly and dosely aligned wich its
original meaning.

I your arpument sound?

Acre your claims justified?

Iz what you are saving true!

Have you represented ideas faidhfully!
Howr could people check on your claim!?

E@

Precision

When we communicate with precision
we are specific and intentional with
our language and terminology in order

to remove any potential for
miunderstanding in meaning.

Iz your attention to detail sufficientd

Haveyou used redhnical serms appropriately?

Hawve you quantified your informarion where
appropriace

Are buller points caregorically distinet from each other?
Hawve you identified areas of vagueness or ambigaing 7

Interpretation
Meaning

Shared
understanding

Truth
Measurement
Correctness
Exactitude

Care




When we communicate with depth we
provide detailed information and
explanations to thoroughly develop our

Are the complexities of the issue sufficiendy described?
Are your analogies and generalizatons welljustified!
Do you arguments consider premises that are

Scope

Perspectives
poinis. themselves conclusions? Pe
Depth Have the problematic aspects of the issue been Alternarives
identified and dealt with?
Dietail
Thoroughness
When we communicate with breadeh Have you considered alternative perspectives!
. . ) . Thoughtfulness
we airn to cover a diverse sange of Have you represented a broad range of alternative
——— directly relevant content and views! Focus
considerations in relation to the topic Why have you preferred one perspective over _af'-ﬂ‘[h-ff?
Breadth This helps us to ensure that we do not Have you sought out others for the purpose of testing Empathy
igmore any key components. your ideas!
When we communicate wich relevance Haveyou focussed on the point ar ssue!
we choose information chat relates Have you selected information supporting the topic?
directly to the point we are developing. Is distracting or unhelpful information minimised? Importance
We do not incorporate any distracting Have you been able o identify why information & relevant
e - , Have you justified why your sdlection of material is relevant? Impact
Relevance or useless information that may confuse
our audience.
Discernment
%':T WE "F""""-""-"'_mi'::m: with Have you avoided superficial issues or argume nis? Connections
significance we discuss the most Have you identified and developed your core ideas? .
important information that is relared o Have you identified the most meaningful aspects! Understanding
the given topic This allows s to foous Have you focused on substantive aspects?
on key ideas rather than distracting the Applicarion

Significance

audience with mngental information.




The values of Inquiry act as feedback on cognitions

Breadth
~

Anal |
nalyse @ '

Depth

What do we do )

8N

when we ¥

analys e? Significance




Values of Inquiry poster

https://critical-thinking.project.ug.edu.au/files/7212/V0I1%20terms.pdf



The values are most effective when used as feedback on cognition

s

Clarity Precision Breadth Significance
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Accuracy Depth Relevance Coherence




Pedagogical Imperative #3

Reason collaboratively

Reasoning is a social competence as much as an individual faculty




7w S , X
. ) = . 4 ) ‘v'\i‘“' L l f;‘,"
‘\ Clie 4 | = - 3
. r
4. i //
<
| : t
?

collabor ti




Groupwork Collaboration




The assembly bonus

In a seminal paper, Michaelson, Watson and Black (1989)! 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. Woolley et al. (2010)? suggest that a
general collective intelligence factor, ¢, 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 strongly aligned
with “average social sensitivity of group members, [and] the equality in
distrfkution of conversational turn-taking” (p. 686).

B

I 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

A. Chabr

/) 5 entland, A., Hashmi, N., & Malone, T. W. (2010). Evidence for a
elligence Factor in

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

55



https://doi.org/10.1037/0021-9010.74.5.834
https://doi.org/10.1037/0021-9010.74.5.834
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Understanding the Social and Cognitive Nature of Collaboration:
Implications for Practice

by Peter Ellerton 1." && Kathy Smith 2 &, Timothy Smith 1 & and Tanya Stephenson 3 &

1 Critical Thinking Project, Faculty of Humanities and Social Sciences, University of Queensland, Brisbane, QLD
4072, Australia

2 School of Education, RMIT University, Melbourne, VIC 3000, Australia
3 Faculty of Education, Monash University, Clayton, VIC 3800, Australia

" Author to whom correspondence should be addressed.

Educ. Sci. 2025, 15(11), 1493; https://doi.org/10.3390/educsci15111493

Submission received: 28 July 2025 / Revised: 21 October 2025 / Accepted: 24 October 2025/
Published: 5 November 2025




Socially extended cognition

Extending the unit of cognition from the individual to the group




...iIn Vygotsky’s general genetic law of cultural
development: “every function in the child’s cultural
development appears twice: first, on the social level, and
ater, on the individual level; first between people (inter

nsychological), and then inside the child (intra
nsychological)”

Vygotsky, 1978; p. 57, emphasis in the original.




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.




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 actingin 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.




University of Queensland Critical Thinking Project: Collaboration Matrix

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

Dr Peter Ellerton, UQ Critical Thinking Project




Characteristics of critical thinking classrooms

ot

|dentify and challenge assumptions

Construct and evaluate arguments

Question critically and creatively

Require a range of cognitive skills and processes
Frame and solve problems

Work in novel situations

Require collaborative inquiry/thinking







THE Q MATRIX

Event
what

Situation
where/when

Alternatives
which

People
who

Reasons
why

Means
how

Present
is

Past
did/was

Possibility
can

Probability
would

Prediction
will

Imaginatir::-n
might

Decision/Choice
should




Kialo.com

Reasons.lo




University of Queensland Thinking Schools Network
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