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How a more explicit teaching style helped this
school defy NAPLAN struggles elsewhere

By national education and parenting reporter Conor Duffy and the Specialist Reporting Team's Evan Young
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Education boss calls for doubling down on explicit
teaching in schools

Lucy Carroll
October 23,2023 — 5.00am [ save A share A A A “ View all comments
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The head of the NSW public education system has called on schools to double
down on the use of explicit instruction - a teaching method that gives students
step-by-step and clear instructions - in a bid to boost results and close the stark

achievement gap.
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How an explicit teaching approach optimises learning

Breaking down and fully explaining content helps students transfer information
to memory

Providing opportunities for review and practise helps students retain and recall
what they learn

Organising and sequencing content around a specific objective deepens
student understanding

Knowledge-building, guidance and scaffolding supports students with additional
limitations in prior knowledge, memory and information processing

Structure and guidance help novices develop mastery over their learning

A strong foundation of knowledge and skills provides students with mental
models for extending and applying their learning with greater independence

Australian Education Research Organisation, 2023



Victorian Teaching and Learning Model 2.0

Elements of learning

Q

focus
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and regulation

Refers to leaming
requiring students’
attention and
Involving active
engagement in a
supportive and
leaming-

K and Retention and Mastery and
memaory recall application

Refers to students
processing new
information in their
working memary,
where they connect
it with existing
knowledge in long-

Refers to consistent
practice and
retrieval, allowing
students to develop
information at once and demanstrote
{cognitive load). if mastery by retaining

Refers to working
memary being
able to held a
small amount of

focused environment.

overloaded, new knowledge and
knawledge won't be understanding how
effectively stored in
lang-term memary.

term memary,
building mental
models that integrate
and organise
knowledge.

to apply it effectively.

Elements of teaching

Planning

Enabling
learning

Explicit
teaching
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Refers to the colloborative development of whole school teaching and
Jearning progroms that break down and sequence the knowledge to be
tought and assessed. It also refers to the planning required to implement the
curriculum inta the classroom and to the schoal-wide enactment of a multi-
tiered system of supports.

Refers to the positive ps, cultural respo , classroom
expectations and management tachnigues that teachers establish and use
to foster student self-regulation and self-efficacy, and ta create a learning-
focused environment where the development and apgplication of knowledge
drivas curlosity and creativity.

Refers to the evidence-based proctices that manoge the cognitive load
of students, including activating prior knowledge, clearly stating learning
abjectives, providing explicit explanations of new knowledge, scaffolding
learning and modelling practice, and using formative assessment and
feedback to monitor progress towards mastery.

Supported
application

g

Refers to the practices that maximise the consolidation and opplication of
learning, including revisiting and reviewing knowledge, varying ond spacing
practice, organising knowledge and extending and challenging students os
they move to mastery of new factual, conceptual and procedural knowledge.

 ¥nowledge includes factual, conceptunl and procedunal knawledge. See AERG (2023) https:fww edresearch edu ouiresources/

how-students-leam.-best, p.5

Victorian State Government, 2023
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Intellectual Qui

Intallectual Quality refers to padagogy
focused on deep understanding of
important, substantive concepts,
skills and ideas. Such pedagogy

treats knowledge as raguiring

active construction and engages
students in higher-order thinking and
communicating about what they are
learming.

Deep Knowledge
Knowledge is desp when it concerns
the central ideas or concepts of a
topic, subject or learning area and
when the knowledge iz judged to be
crucial to the topic. subject or
leaming area.

Deep Understanding
Deep understanding is evident when
students demaonstrate their grasp of
central ideas and concepts.

Problematic
is treated as

Quality Learning Environment
Quality Learning Environment refers
to pedagogy that creates classrooms
where students and teachers waork
productively and are clearly focused
on leaming. Such pedagogy sets high
expectstions and develops positive
relationships among teachers and
students.

Explicit Quality Criteria

High explicit quality criteria is
identified by frequent, detailed and
specific statements about the quality
of work required of students.

ent
High engagement is identified by on-
task hehaviours that signal a serious
imvestment in clas wark.

High

s
high when teachers
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Our seven system prio

To achieve our goals, ambition and
commitment, each of the priorities
identified in this strategy will work
together to support the child and

student at the centre.
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Knowing
ificance our learners
Significance refers to pedagogy that
helps make learming meaningful

to students. Such pedagogy draws
clear connections with students’

prior knowdedge and identities, with
contexts outside of the classroom, and
multiple ways of knowing or cultural
perspectives.
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q”ared:
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ind
High background knowledge is svident
when lessans peovide students with
opportunities {or they take opportunities)
to make connections between their
knowtedge and experience and the
subgtance of the lasson.

Education NT Strategy 2021-2025 13

NT Government, Education Strategy, 2021

Cultural Knowledge

Cultural knowladge is high when

thera iz an understanding, valuing and
acceptance of the traditions, beliefs,
skills, knowiedgee, languages, practices
and protacols of diverse social groups.

Knowledge Integration
High knowledge integraticn is

Framework on a page

when it invalves an 8
of knowdedge not as a fixed bady of
information, but rather as socially
constructed, and hence subject to
political, zocial and cultural influences
and implications.

Higher-Order Thinking
Higher-ordar thinking requires
students to manipulate information
and ideas in ways that transform their
meaning and implications.

Metalanguage

Lessons high in metalanguage have
high levels of talk about language and
how texts work

Substantive Communication
Classes high in substantive
communication have sustained
interaction, communication focusad
on the substance of the lassons and
reciprocal interaction.

NSW Department of Education, 2024

for d /] the
expectation that all members of the
clags can learn important knowladge
and skills that are challenging for
them.

Soclal Support
Classroomes high in social suppart
for student learning encourage all
students to try hard and risk initial
failure in a climate of mutual respect.

Students’ Self-

when g
connections are mads between different

fEopacs anychi: bertvan Chi et BLd yar Together we inspire and support all learners to succeed as connected, resilient, creative and curious thinkers

The what for learners

Inclusivity
High inclusivity is evident when all
students, from all cultural or sacial
backgrounds, participate in the public Learners’ curiosity and Learner:
wark of the class and when their interest is activated. creating new knowledge and apply learning
contributiong are taken sericusly and and commit to learning and understanding, in different and

valued. creative ways

The why for learners The how for learners

Learners focus on Learners make sense Learners practise Learners extend

and deepen learning,

High student self-regulation is
evident when the lesson proceeds
without interruption znd when
studants demonstrate autonomy

and initiative in relation to their own
behaviour in ways that allow the class
to get on with learning.

Student Direction

Classrooms with high student
direction see students exercising
control over ane or more of the
following aspects of a lesson; choice
of activities, time spant on activities,
pace of the lesson or criteria by which
thay will be aesessed.

High connectedness is evident when
learning has value and meaning beyond
the classroom and school.

Key Teaching Practices

Teachers intentionally
develop metacognition

Teachers faciitate the Teachers foster learners' achers enable leamers
sharing of feedback to agency and collaboration to create and challenge

progress learning. with peers, teachers meaning through
and the community, qQuestioning,

Teachers support
learners to understand
the intenticn, goals and
of learning

Marrative

Use of narrative is high when the stories
written, told, read, viewed or listened

to help illustrate or bring to life the
knowledge that students are addressing
in the classroom.

Princinles for Teachins and Learnins

Learners are unique. have
individual aspirations and are
capable of deep learning.

Schools ensure that

enviranments provide rich

responsive and supportive
contexts for learning.

Learners actively construct Teachers make intentional Teachers design, practise

knowledge and apply skills to evidence informed and and use evidence from
develop understanding inclusive decisions that assessment for the purpose

of progressing learning

guide their practice

Kindergarten Year 12

TAS Government, 2020

AUSTRALIAN CATHOLIC UNIVERSITY



Focus areas | Schools are required t

Data » document, monitor and review attendance data®, anecdotal evidence and
assessment data, including learning across the phases of the Continua of learning
and development, to determine focus areas for the sustained improvement of
children's” learning, development and wellbeing

use a range of data together with the National Quality Standard (NQS) to inform
quality improvement strategies for the kindergarten program and school
performance planning

How we teach in ACT public schools
Our schools are diverse, and our teachers are empowered leaming professionals who use a variety of strategies to meet the individual needs of all students. We use student data to identify what

each student needs, and we adjust our learning and teaching strategies accordingly. AUSTRALIAN CATHOLIC UNIVERSITY

In ACT public schools, we use the Gradual Release of Responsibility Model. This is a teaching strategy where the responsibility gradually shifts frem the teacher to the student. The teacher models

skills and concepts and transfers ownership of learning to the student to show their independence and understanding.

Teachers use a range of effective teaching and learning practices, allowing them to select the most suitable learning experiences. For example. strategies known as modelling, sharing and guiding

are commonly used te teach students. Depending on what students need, a teacher might use modelling, where the teacher takes a higher degree of control to demonstrate new learning. If

record and retain® data and documentation® i B
students are ready, a teacher will use guiding to create opportunities for students to learn new skills or concepts with support.

Curriculum » ena:t.the ﬁ\:-e le.armng and development areas of the Queenslond f(l.".‘(:fe.’gﬁrfe.’.‘ The Gradual Release of Responsibitity Through the Use of Teaching and Learning Practioes
learning guideline 2024 (QKLG) through planned and spontaneous child-centred
N Sharing Guiding Applying
experiences The teacher provides | Tre eacher scafflds | Th teacheroffers
by the divection and help and provides | support and
Role thinkiog alowdthe | invitesthestudents | support and conective | encouragement.
Documenting,  » use an ongoing, strengths-based™ planning process that includes: f':—. processes used. to contribute. feedback. a5 necessary.
as szssmg‘ » gathering evidence and documenting learning
and planning . :g
» analysing and evaluating evidence across all learning and development areas gg o
using the Continua of learning and development Students with help from the eotly.
Iy for and from | prr fFoderierll| e e
» planning responsively for and from learnin, of the Stuent: ion-making is
patnng epanshey Sene ¢ o, | mepmon | e s SR
» implementing intentional learning experiences 10 the demonstrations. | teacher and studest.

» critically reflecting” on teaching and learning

develop transition statements at the end of the year by collaborating with First Steps, Linking Assessment, Teaching and Learning. Department of Education WA, 2013.

families, and reflecting on a range of documentation and evidence across the

Pedago: use A whole school approach to pedagog)
agogy pedagoay Explicit instruction: This is a clear and direct way of teaching students new skills or cencepts. The teacher breaks down the material into small steps and provides clear explanations and

employ a range and balance of age-appropriate, intentional and effective

examples.
pedagogies outlined in the QKLG, including play-based and inguiry learning

- o . . Uiterentiation: |is is the practice of a0justing our IearmiNg and teaching strategies 10 Meet the INdIVidual needs of each SWdent. T MIGNT INVOIve aJusting the PAce of INSIrUCtion, the level of
explore and enhance digital learning in teaching and learning

difficulty, or the type of learning experience

Inclusion » use the QKLG to support inclusive and equitable access, participation and Inquiry-based learning: This is an active learning approach that encourages students to ask questions, think critically, and solve problems, Combining explicit and inquiry-based approaches
and diversity engagement in kindergarten gives students the foundational knowledge, concepts, and problem-solving strategies to explore and discover through their learning.

Health and » use the QKLG to build respectful and reciprocal relationships and support Personalised learning: This is a process of tailoring the leaming experience to each student's unique needs. This might involve providing additional support. using different learning materials,
wellbeing children’s wellbeing or offering more flexibility.

education

Managing » provide risk assessment documentation, in accordance with the SDK delivery

risks in school procedure and Managing risks in school curriculum activities procedure

curriculum

activities
Department of
Education Shaping the future

’

Assessment and Reporting

Government of South Ausvalia

OUR STRATEGY FOR PUBLIC EDUCATION

LEVEREMOR IMPACT

Teaching for Impact

Teaching for Impact outlines what effective teachers believe, what they know, and what they do to have high impact on student outcomes.
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What do we know about
students’ mathematical
reasoning?
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Five ways to guide our thinking...

Students progressing in
trajectories and in turn displaying
mathematical thinking

(Bobis et al., 2005; Clements & Sarama, 2014; DiSessa, 2000;
Empson, 2011; Fraivillig et al., 1999; Siemon et al., 2017; Simon
& Tzur, 2004; Wilson et al., 2013).

Students engaging in problem
solving tasks

(Boaler, 1998; Cheeseman, 2008; Fennema et al., 1998; Franke
& Carey, 1997; Freiman, 2018; Mueller et al., 2014; Schoenfeld,
1987, 1988; van Bommel & Palmer, 2018; Wood et al., 2006).

Students engaging with strategies
that support sense making

(Ball, 1993; Fennema et al., 1998; Ginsburg & Seo, 1999;
Papandreou & Tsiouli, 2020; Steinberg et al., 2004; Wood et al.,
2006).

Students displaying reasoning and
justifying during mathematical
learning experiences

Students making connections to
known mathematical ideas and

(Anthony et al., 2015; Carpenter et al., 2003; Diezmann et al.,
2001; Henningsen & Stein, 1997; Herbert et al., 2015; Hunter &
Anthony, 2011; Melhuish et al., 2020; Papic et al., 2009; Vale et
al., 2017; Warren et al., 2013; Watters & English, 1995; Wood &

McNeal, 2003).

transferring their thinking

(Carpenter et al., 1990; Clements & Sarama, 2007; Fraivillig et

al., 1999; Kinnear et al., 2018; Mulligan et al., 2006; Papic et al.,
2011; Stein et al., 1996; Warren & Cooper, 2005; White, 1998).




¥ National Numeracy Learning Progression

AUSTRALIAN CATHOLIC UNIVERSITY

National Literacy and Numeracy Leaming Progressions > National Numeracy Leaming Progression

Students progressing in

trajectories and in turn
displaying mathematical
thinking

sense and
algebra

Measurement Statistics and

and geometry

probability

* Developmental
progressions in
learning
mathematics
concepts are
referred to as
learning
trajectories,
stepping
stones, or
growth points

Learning
trajectories
help teachers
gauge
students'
conceptual
development
and determine
what learning
needs to be
addressed for
the next task

Learning
trajectories,
also known as
learning
sequences,
guide teachers
in
understanding
students'
learning
journeys and
planning
appropriate
learning
experiences

* Learning
trajectories are
multidimension
al,
encompassing
mathematics
goals, models of
students’s
thinking,
instructional
tasks, and their
interaction

* Learning

trajectories
consist of
three main
components: a
goal, a
developmental
progression,
and
instructional
activities, with
mathematical
thinking
occurring
during the
developmental
progression




Students engaging in
problem solving tasks

problem solve include:
e (a) preserving;

problem;
e (c) testing the hypothesis;
e (d) taking risks;
e (e) displaying flexibility;
e (f) attempting to solve the

and,
* (g) displaying to self-
regulate

AUSTRALIAN CATHOLIC UNIVERSITY

e The dispositions required to

e (b) focusing attention on the

problem in a different way;

e Students engage in problem
solving by manipulating
“physical objects, progress
to various counting
strategies, and then move
on to more abstract
strategies such as derived
facts or invented
algorithms”

e Students learn the
processes of problem
solving and the
mathematical ideas that
underpin that learning
through exploring
mathematical problems




Students engaging with
strategies that support
sense making

e Students
benefit from
engaging in
multiple
strategies to
understand
mathematics

* |nvented

strategies,
such as solving
problems
without paper
or pencil or
using
unconventiona
| methods, aid
in students'
understanding
of
mathematics

* Inventing

mathematical
strategies lays
the
groundwork
for tackling
more complex
mathematical
concepts as
students'
progress

AUSTRALIAN CATHOLIC UNIVERSITY

e Students'

ability to
invent
strategies is
evident across
different age
groups and is
linked to
deeper
mathematical
thinking

* Classroom

environments
that encourage
inquiry and
argumentation
provide
opportunities
for students to
express and
develop their
invented
methods
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Sense-Making | Adding Two-Digit Numbers

What is 24 + 587



Sense-Making | Adding Two-Digit Numbers

What is
24 + 587

Bill:

Teacher:

Bill:

Teacher:

Bill:

[Writing out the traditional addition algorithm] 8 + 4 is 12.
Write the 2 here and the 1 up here. 1 + 2 + 4 = 7. Write the
7 next to the 2.

1

24
+48

72

[s this really a 1?

Yes, it came from the 12; you're not allowed to put it next to
the 2.

Why not?
You're just not allowed to do that.

AUSTRALIAN CATHOLIC UNIVERSITY

Battista, 2018
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Sense-Making | Adding Two-Digit Numbers

Teacher:

Teacher:

Fred:

Teacher:

Fred:

Teacher:

Fred:

Teacher:

Mary:

Teacher:

Mary:

All year we have been talking about addition, and you have
invented a bunch of ways to add two-digit numbers. Today, I
want us to take a look at all these ways. I'd like you each to solve
this problem in several different ways. Then, we’ll talk about
what you did.

[After students worked on the problem 24 + 48 by themselves at
their seats] Okay, I want to hear what kinds of ways you used to

solve this problem, and I want you explain to the class why you
did what you did.

I remember doing the problem like this: 20, 30, 40, 50, 60, 70, 72.

Explain what you did.

I started with the 20 in 24 and counted tens in 48. Then I
counted 10 more from the 12, then 2 more.

Where did you get 122

It’s just 4 + 8 = 12. From the 24 and 48.

Okay, how about a different way?

I did 48, 58, 68, 70, 72.

Explain what you did.

I started with 48, and then I did the 24. I counted 10 onto 48,

then 10 more, and then 2 + 2 makes 24. If you do one partata
time, it’s easy.

Teacher:
Jon:
Teacher:
Jon:
Teacher:

Serena:

Teacher:

Serena:

Okay, how about another way?

1did40 + 20 =60; 8 + 4 =12; 60 + 12 = 72.

How did you know you could do that?

You just add the tens, then add the ones, then add them together.
Okay, how about another different way?

I need to write it. [Goes to board and writes as shown below, then
explains| Here’s how I added: 8 + 4 is 12. So [ wrote a 2 from 12
under the 8 and put the 10 from 12 over the 20, because it’s tens.
Then I added 10 and 20 and 40, and I got 70. And 70 + 2 is 72.

10

20+4
+40 + 8
70+2 =72

Why did you write the 2 under the 8?

You just put the 2 ones from 12 in the ones place that’s under the
4 and 8.

Battista, 2018
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Students displaying Mathematical reasoning encompasses various types including

reasqning and jUStifVing inductive, deductive, abductive, and adaptive reasoning:
during mathematical

learning experiences

* Inductive * Abductive * Deductive » Adaptive * Justifying * Encouraging * Students'
reasoning: reasoning: reasoning: reasoning: solutions is a student ability to
verifying find the best making using a key aspect of discussion articulate
predictions explanation predictions collection of mathematical and their

with the use findings, reasoning explanation mathematical
of additional processes, fosters the thinking
information concepts and development improves
to build on solutions, to of reasoning through
new learning make sense of and justifying activities that
the skills promote
mathematical mathematical
problems inquiry and
scaffolded
participation
over time




Reasoning | Finding the Middle

Learning experience one Physical manipulatives

Example teacher questions

Framed photograph—
finding the middle
This is a framed photograph
of my son Joey. (Hold up
real framed photograph.) 1
have a blank wall at home,
and I would like to hang
this photograph in the mid-
dle of that wall.
Let’s imagine this A3 piece
of paper (hold up A3 Photo frame (measures
paper) is the blank wall 20 cmx 15 cm
and this 1s a smaller picture
frame (hold up small
picture frame).
Open-ended question: How
can you find the exact
place to hang up Joey’s
photograph?

Smaller laminated
photo frame
(measures 4
cmx X cm)

How can we check that’s
exactly the middle?

What can we do to check?

Is there a way that we can
find exactly the middle
of the entire wall?

AUSTRALIAN CATHOLIC UNIVERSITY

Monteleone, 2023
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Reasoning | Finding the Middle

*[ Student }

e Are you going to give me a ruler?

*[ Teacher }

e No

*[ Student }

e You can’t fold a wall so you can’t fold this paper.

e | will draw a line here and another line, here and just
to prove it to you | will draw another line this way
and another line this way, that is the middle.

Monteleone, 2023
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What type of reasoning was

Students displaying
reasoning and justifying
during mathematical
learning experiences

this student displaying?

Mathematical reasoning encompasses various types including

inductive, deductive, abductive, and adaptive reasoning:

* Inductive * Abductive * Deductive » Adaptive * Justifying * Encouraging * Students'
reasoning: reasoning: reasoning: reasoning: solutions is a student ability to
verifying find the best making using a key aspect of discussion articulate
predictions explanation predictions collection of mathematical and their

with the use findings, reasoning explanation mathematical
of additional processes, fosters the thinking
information concepts and development improves
to build on solutions, to of reasoning through
new learning make sense of and justifying activities that
the skills promote
mathematical mathematical
problems inquiry and
scaffolded
participation
over time




Students making
connections to known
mathematical ideas and
transferring their
thinking

* Recognising
interrelationships
within mathematical
concepts is a crucial
aspect of reasoning
and mathematical
thinking

AUSTRALIAN CATHOLIC UNIVERSITY

* Making mathematical
connections involves
identifying links within
and between
mathematical ideas,
which indicates high
levels of mathematical
thinking

* Purposefully
constructed learning
experiences that build
on prior knowledge
and make conceptual
connections engage
students in higher
levels of mathematical
thinking
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Making Connections |How many tiles?

Learning Experience

Physical manipulatives

Example teacher questions

Cubby house — identifying number
of tiles required

I have just finished building a cubby
house for my children at home (s/ow
picture of the cubby house). 1 would
like to put these tiles down on the
floor of the cubby house (s/iow
square tile).

Open-ended question: How can I
work out how many tiles I need?

_
Be] faf
I

Image of a cubby house

Square tile
(measures 5
cm X3S cm)

So how do you know?
How can I figure out how
many tiles I need to put on
the floor of the

cubbyhouse?

Monteleone, 2023
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Making Connections | How many tiles?

Student

*You could get a measuring tape and then pull it across like that, where the corners are.
*Then you'll get five tiles, five tiles, five tiles. You keep getting five tiles and then you start laying them out in a row of five, like this.
* One, two, three, four, five.

Teacher

*Do you think that only five tiles can fit across here? Is that what you think?

Student

*Well maybe you could use wood to do it.

Teacher

*Wood? Explain how you could use wood.

Student

ePretend this is a whole piece of wood.

*And this is a whole piece of wood.

|t would go across the cubby house.

¢And this is a piece of wood. And then that's a piece of wood.

*This is a piece of wood.

*And those last other ones could go, these last other ones, could go on top here.
*And one will go here.

*And so, what you need to buy is one more tile.

Monteleone, 2023
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Five ways to guide our thinking...

Students progressing in
trajectories and in turn displaying
mathematical thinking

(Bobis et al., 2005; Clements & Sarama, 2014; DiSessa, 2000;
Empson, 2011; Fraivillig et al., 1999; Siemon et al., 2017; Simon
& Tzur, 2004; Wilson et al., 2013).

Students engaging in problem
solving tasks

(Boaler, 1998; Cheeseman, 2008; Fennema et al., 1998; Franke
& Carey, 1997; Freiman, 2018; Mueller et al., 2014; Schoenfeld,
1987, 1988; van Bommel & Palmer, 2018; Wood et al., 2006).

Students engaging with strategies
that support sense making

(Ball, 1993; Fennema et al., 1998; Ginsburg & Seo, 1999;
Papandreou & Tsiouli, 2020; Steinberg et al., 2004; Wood et al.,
2006).

Students displaying reasoning and
justifying during mathematical
learning experiences

Students making connections to
known mathematical ideas and

(Anthony et al., 2015; Carpenter et al., 2003; Diezmann et al.,
2001; Henningsen & Stein, 1997; Herbert et al., 2015; Hunter &
Anthony, 2011; Melhuish et al., 2020; Papic et al., 2009; Vale et
al., 2017; Warren et al., 2013; Watters & English, 1995; Wood &

McNeal, 2003).

transferring their thinking

(Carpenter et al., 1990; Clements & Sarama, 2007; Fraivillig et

al., 1999; Kinnear et al., 2018; Mulligan et al., 2006; Papic et al.,
2011; Stein et al., 1996; Warren & Cooper, 2005; White, 1998).
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Critical
Thinking (CT)

+ . Mathematical
Thinking

(CMT)

Critical

Mathematical

Thinking (MT)
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Conceptual Framework

Interpreting || Analysing Evaluating Explaining Creating

* Clarifying * Noting
relationships

* Applying

* Querying

* Solving * Justifying * Non-algorithmic

decision making

* Estimating * Offering opinions * Stating

and reasons * Self-regulating

* Presenting
* Assessing claims
and arguments

* Making
Jjudgements with
criteria

Monteleone, 2022; Monteleone et al., 2023
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[ ]
The five CMT themes

e |s an essential part of
critical thinking, as it
involves the formation
of logical judgments or
conclusions.

e Critical thinkers who
make decisions may
also engage in
interpretation.

e The literature on
interpreting that is part
of the CMTFYS include
clarifying and
estimating.

e |s recognised as an
important component
of critical thinking.

e [s both a cognitive skill
and an affective
disposition.

e The sub-themes that
represent analysing in
critical thinking include
applying, questioning,
and noting
relationships.

* Making claims and

thought processes has

been identified as an
essential practice for
promoting

mathematical thinking.

¢ The literature on

mathematical thinking

also identifies sub-
themes of evaluating,
including making
judgments based on
criteria, solving
problems, and
providing opinions
supported by
reasoning.

e This occurs when an
individual provides
reasons for decisions

made, as well as depth

and detail of the
explanation.

* The sub-themes, such
as stating, presenting,
and justifying, help
individuals develop
their critical thinking
skills by enabling them
to explain their
thought processes and
how they arrived at
their judgments.

¢ This involves
generating new and
innovative ideas.

e Sub-themes associated
with creating and
critical thinking are
related to evaluation
and decision-making.

® One such sub-theme is
self-regulation, which
involves an individual's
ability to evaluate their
own inferences. Non-
algorithmic decision-
making, which involves
mental processes,
strategies, and
representations that
people use to solve
problems and make
decisions, is also as a
critical thinking
element.
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Elements of learning

Q

Attention, focus
and regulation

Refers to learning
requiring students’
attention and
involving active
engagementina
supportive and
responsive learning-

focused environment.

(&7

Knowledge and
memory

Refers to students
processing new
information in their
working memory,
where they connect
it with existing
knowledge in long-
term memory,
building mental
models that integrate
and organise
knowledge.

&

Retention and
recall

Refers to working
memory being

able to hold a

small amount of
information at once
(cognitive load). If
overloaded, new
knowledge won't be
effectively stored in
long-term memory.

Interpreting

©

Mastery and
application

Refers to consistent
practice and
retrieval, allowing
students to develop
and demonstrate
mastery by retaining
knowledge and
understanding how
to apply it effectively.

N J

Explaining

Evaluating Creating

Analysing

AUSTRALIAN CATHOLIC UNIVERSITY
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How does CMT link to the Early Years
Learning Framework (EYLF)?

* In the elaborations of the outcomes within the EYLF, mathematical thinking may
occur when children problem solve. For example, one outcome from the EYLF,
Children and Confident and Involved Learners, highlights mathematical thinking
opportunities, as follows:

create and use representation to organise, record and communicate mathematical ideas and
concepts;

make predictions and generalisations about their daily activities, aspects of the natural

world and environments, using patterns they generate or identify and communicate these
using mathematical language and symbols;

contribute to mathematical discussions and arguments.

(Australian Government Department of Education, p. 53, 2022)
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How does CMT link to the Australian

Curriculum?
[ or primary aged children, the Australian Curriculum (2022)

~

includes general capabilities that teachers are to address across
all subject areas, including mathematics.

%
)
One general capability that aligns with critical mathematical
thinking is Critical and Creative Thinking. Critical arcl
% Creative
B | Thinking

evidence, and solving problems, while creative thinking involves

Critical thinking involves recognising arguments, evaluating
generating new ideas and finding innovative solutions. )

proficiencies help enhance CMT. They include understanding,
ﬂuency’ prob'em Solv|ng and reason“qg Critical and Creative Thinking (Version 8.4)

[n the Australian curriculum for Mathematics F — 6, the four




Reasoning in the curriculum

S

¢ Increasingly sophisticated
capacity for logical thought
and actions.

e Reasoning occurs when they

explain their thinking.

\

3-6 W

¢ Increasingly sophisticated
capacity for logical thought
and actions, such as
evaluating, explaining and
generalising.

¢ Reasoning occurs when they
explain their thinking,
adapt the known to
the unknown, and
transfer learning from
one context to another
and explain their

choices.

\

S

¢ Increasingly sophisticated
capacity for logical thought
and actions, such as analysing,
evaluating, explaining,
justifying and generalising.

e Reasoning occurs when they
explain their thinking,
deduce and justify
strategies used and
conclusions reached,
adapt the known to
the unknown, transfer
learning from one
context to another,
compare and contrast
related ideas and

explain their choices.

\

OACU
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9-10 W

.

-l

\

Increasingly sophisticated
capacity for logical thought
and actions, such as analysing,
proving, evaluating, explaining,
inferring, justifying and
generalising.

Reasoning occurs when they
explain their thinking,
deduce and justify
strategies used and
conclusions reached,
adapt the known to
the unknown, transfer
learning from one
context to another,
prove that something
is true or false,
compare and contrast
related ideas and
explain their choices.

)

Australian Curriculum. Mathematics Proficiencies, n.d.
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Mathematics scope and sequence —

Foundation to Level 6
Vo roma

Mathematics scope and sequence — Foundation to Level 6

strand: Number

Foundation

Content descriptions

name, represent and OrOOr fHumbars,
including zaro to 2 least 20, using
physical and virtual materials and
numeras

VC2MFNK

1e00gNisa, fepresant and ofder numbers
to & keast 120 using physical and rtual
materials, numerals, number ines and
charts

VCMING

1eCOQNISR, TERresent and riar RUMDAr:
1o 2 least 1000 using physical and vriual
materisls, numerals and number fines

VC2M2NO1

BRIy, axplain and use the proparies of
odd and even numbers.

WC2M3IND1

recognica and exand tha appication of
place vaiue 10 tenths and hundredths
and use the conventions. of decimal
natation to name and represent decimals
VC2MANO

FLanprel, COMDAre and OFCet AUMDers
‘with more than 2 decimal piaces,
including numbers greater than one,
using place vaiue URderstanding;
tepresant these On a number kne

VC2MENDT

recognise SUINONS, InCUgINg Tinancial
contests, that use 'ﬂ!@gEI‘S. locate and
represent integers on a number ine and
a5 coordinates on the Cartesian plane
VCIMENO1

l@d@nﬁe and name the number of
objects wilin a collecfion up t0 5 using
subltising

VCIMFNO2

recogrise, represent and order natursl
numbers using naming and wring
conventions for numerals beyond 10 000
VC2M3NZ

investigate number sequences invohing
mutipes of 3, 4,6,7, 8and @
VC2MANO2

express natural numbers s progucts of
their factors, recognise muliiples and
deenming if ong NUMDEr s Gvsibe by
anather

VC2MEN02

identify and describe the properties of
prime, composite, square and triangular
MUMDEFS NG USE NS Propemies 1o

sove probiems and smplfy calcuistions

VC2MEN02

quantify and compare collections to a
least 20 using counting and explain or
demonstrate reasoning

VC2MFNG3

panion one- and Te-dIgE NUMDETS in
different ways using physical and wrtual
materials, incuding pantioning twe-agt
numbers into tens and ones

WCMING2

parition, rearrange, 1eqroup and rename
two- and three-digt numbars Lsing
Standard and non-Slandard groupings;
recognise the roke of a zero digt in plece
value natation

VC2M2N02

quaniily sets of objects, 1o af ksast 120,
by parttioning collsctions into equal
QOUpS UsIng MUMbe! knowledge and
skip counting

VC2MING3

recogrise and describe one-hall as one
of 2 equal parts of 3 whoke and connect
haiwes, guarters and eighths through
repested hahing

VC2M2ND3

recognise and rapresent uni fractions
T T s
muliples in d#ferent ways, combine
fractions with the same denominator to
compiete the whole

VE2MINGI

find equivalent representations of
fractions using redated denominators and
make connections betwesn fractions and
decimal notation

VC2MAN03

compare and order common uni
fractions with the same: and related

denominators, including mied numerals,

appling knowledge of lactors and
muliples; represent these fractions on a
number fine

VC2ZMENO3

apply knowkedge of equivalence to
compare, order and represent common
fractions, including haives, thirds and
quarters, on the same number ine and
Justy ther order

VCIMENOZ

Mathematics V2 scope and sequence Levels F—6.docx

T T |

quantify and compare colections to a
least 20 using counting and explain or
demonsiraie reasoning

VC2MFNO3

choose and use esfimation and rounding
to check and explain the reasonableness
of calculations, including the resuls of
financial transactions

VC2MANOT

add and subfract one- and two-digi
numbers, represent problems using
number sentences and soive using part-
part-whole reasoning and a vanety of
calculation strategies

WC2MZNO4
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Mathematics scope and sequence — Levels
7 — 10A

20

Mathematics scope and sequence — Levels 7-10A

Strand: Number

Level T

Content descriptions

Level 8

E ’ VICTORIAN CURRICULUM
AND ASSESSMENT AUTHORITY

Gescribe the relationship between perfect square numbars
‘and square roces, and use squares of numbers and square
FO0tS Of perfect SQUATE AUMIDEFS 10 SONE. PrODIRMS.
VC2MTNOT

recognise irational numbers in applied contests, including
= and numbers that devekap from the square raot of
postive feal numbers that are nof pertect squares, and
recognice that inrational numbers canno! devekop fiom the
diusion of mtener siiss by natural numbers

VCIMBNDT

recogrise that the real numbsr system ncudes the rational
rumbers and the Frtional numbers, and sove problems
INVGIWRg. fedl MUMESS WE and WEROU using cigtal 100

VG2MINDT

152 the definion of & logarihm to estabish and apoly the
laws of lngarthms and investigate logarkhmic scakes in
mezsurement

VC2M10ANGS

represent natural numbers in expanded notation using
powers of 10, and 3 products of pawers of prine numbers
using exponent notation

VC2MTND2

‘establish and apply ihe exponent laws wih inieger
exponents and the 210 exponent, using exponent notation
wih numbers

VCIMBNOZ

find equivalent. representations of rationdl numbers and
represent postive and negaive rational numbers and
mied numbers on & number ine

VEMTNG

convert between fractions and terminating of recurring
decimals, using digéal tooks as appropriate

VCIMENOZ

round decim s 10 & given sccuracy appropriats 10 the
coniext and use appropriste rounding and estmation i
check the reasonabieness of computations:

VC2MTNDS

muiply and dhade fracions and decmats using eficient
menal and wrien Sregies, and digeal tooks
VC2WTNDS

use the 4 operstions weh integers and wih rafonsl
numbers, choosing and using effiient mental and writen
strateqies, and digial tools whera apprapriate, and maling
ssimates for these computations

VCIMEND4

recogniss the effsct of using approxmations of real
numbers in repeated cAKLIDONS. and COMPGrE the Fesuts
WNEN USIRG £43CT TBRIESENIAIONS

VCZM10ND1

define rabonal and Frational numbers and perfom
operations wen surgs and fractional indices.
VCZMIDAND

round decimals fo a given accuracy appropriate fo the
context and use appropriate rounding and estimation to

check the reascnablensess of computations

WCIMTNO4

56 11 4 OpEranNs W pOSING FAoNal NUMDRTS,
inclufing fractions and decimaks, 1o solve problems using
efficent mental and written caloulation strategies

VC2MTNOG

SO PODIEMS VY] TN USE Of PEFCENages, Incucyg
percantage increaces and decreases and percentage errar,
with and without digial tooks

VCIMENOS

PRrorm operations on NLMbers nvoivng Tracional
exponants and surds
VCZM10ANIZ

findd patcentages of quanilies and axpress Cne quartly a5
a percentage of another, with and wihout digtal teck
VC2MTNDT

compare, order and sove proliems Imvohing addtien and
sublraction of integers
VC2MTNDS

FeCOpNiSe, NepresEnt and SOV PIOCIEMS IOl 1ar0S
VC2MINDS

https://victoriancurriculum.vcaa.vic.edu.au/mathematics/math

ematics-version-2-0/introduction/scope-and-sequence

establich properties of quadriaterals using congruent
triangles and angle properties, and sohve related problems
explaining reasoning

VC2MBSPO2



https://victoriancurriculum.vcaa.vic.edu.au/mathematics/mathematics-version-2-0/introduction/scope-and-sequence
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Teacher
gquestioning




Teacher questioning —in a primary

mathematics classroom setting

Factual questions Probing questions Guiding questions




Factual Teacher Questions e

Factual questions tend to provide very little ng’:’nheag]‘fﬁthfre
information about a student’s understanding of a X2 :

concept or content.

Which figure
has five sides?

These questions are lower

order with little opportunity figures e
to discuss strategies with il
others (Sahin & Kulm, 2008). .
s 76 larger

than 677




Probing Teacher Questions

Probing questions have been found to extend
student’s understanding, knowledge, and
mathematical thinking.

These questions move students
from low level to higher order
thinking (Sahin & Kulm, 2008)

providing further clarity about
a student’s explanation.

35 Dr Chrissy Monteleone | ACU
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Is there another
way to solve this?

What do you
mean by X?

How did you work
that out; do you
think it matters?)

What would
happen if...?

Okay, why?




Guiding Teacher Questions

Guiding questions are considered questions that
direct students to derive concepts or procedures to
solve problems (Mata-Pereira & da Ponte, 2017).

These questions are used when
the teacher is supporting students

to discuss their solutions,
strategies, or procedures they
used in the learning experience.

36 Dr Chrissy Monteleone | ACU
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Which method do
you need to use
now?

Have you developed
a strategy to ...”?

Are there any other
options...?

What do you notice
about this problem?

What facts does the
problem tell you?

What are you trying
to find out? (What
is the problem
asking for?

What tool might
help you?

How could drawing,
table or diagram
help you?




Analysis of my teacher questioning

Trends of Teacher Questioning

80

70

H Guiding -
m Probing
B Factual _
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Summary of the Types of Teacher Questions

Factual Questions

Probing Questions

Guiding Questions

* Provide very little information about a
student’s understanding of a concept
or content

* Are lower order with little opportunity
to discuss strategies with others

e Can extend student’s understanding,
knowledge, and mathematical
thinking

e Support students to move from low
level to higher order thinking

* Provide further clarity about a
student’s explanation

* Direct students to derive concepts or
procedures to solve problems

* Can support students to discuss their
solutions, strategies, or procedures
they used in the learning experience

What is the name of figure X?

Which figure has five sides?

How many figures have an acute angle?
Is 76 larger than 677

Is there another way to solve this?

What do you mean by X?

How did you work that out; do you think it
matters?)

What would happen if...?

Okay, why?

Which method do you need to use now?
Have you developed a strategy to ...?

Are there any other options...?

What do you notice about this problem?
What facts does the problem tell you?

What are you trying to find out? (What is the
problem asking for?

What tool might help you?

How could drawing, table or diagram help
you?




Why do we ask these questions —enhancing oncy
Reasoning and Critical Mathematical Thinking

Probing questions were

) Guiding and factual Different types of
predominantly used to : .
support students in eliciting guestions were less guestioning were analysed
prevalent in the interviews. in relation to the CMTFYS.

their CMT.

aid students in interpreting P I e
and explaining their CMT
during mathematical
learning experiences

Specific question types can S~ TN
Interpreting || Analysing Evaluating Explaining Creating
X i * Non-algorithmic
decision making
* Self-regulaiing

B R
S §w® 3o
2 352 :%
g ) =
= @ =F 3
S E}

G
s 2
8 3
ESLd]
E
o

Queryin
criteric
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What type of learning is best situated for CMT?

Students use mathematical proof to justify solutions
Students of primary and middle-school age can articulate arguments

Students develop justifications through making sense of problems,
noticing patterns, and posing hypotheses

Discussions and negotiations with peers help students refine their
solutions and understanding of mathematical reasoning

When students articulate convincing justifications, they further refine
their understanding and ability to validate mathematical statements

AUSTRALIAN CATHOLIC UNIVERSITY
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Was this presentation about explicit teaching in mathematics?

THE Y
EDUCATION, Depart
TATE \ e

Victorian Teaching and Learning Model 2.0

e ®

focus and d Mastery and
and regulation memory recall application
Refers to leaming Refers to students Refers to working Refers to consistent
requiring students’ processing new memary being practice and
attention and information in their able to hold a retrieval, allowing
invelving active working memery, small amount of students ta develop
engagement in a where they connect Information at once and demanstrata
supportive and it with existing (cognitive load). If mastery by retaining
responsive leaming- knowledge in lang- overloaded, new knowledge and
focused environment. tarm memary, knowledge won't be understanding how o u i - .
building mental affectively stored In to apply it effectively. H
3 . : e eorme | | S ow an explicit teaching approach optimises learning
How a more explicit teaching style helped this and organise
knowledge.
school defy NAPLAN struggles elsewhere
Elements of teaching

8y national edu and parenting reporter Conor Duffy and the Specialist Reporting Team's Evan Young

Planning

learning programs that break down ond sequence the knowledge to be
taught and assessed. It also refers to the planning required to implement the

curriculum Into the classroam and to the schoak-wide enactment of @ multi- tO memao ry

tierad system of supports.

- - oomertat — Breaking down and fully explaining content helps students transfer information

wefer;mmanns.n ve relatlonships, cu\tumlﬂe&mns\ eness, classroom

Enabling that teachers establish and use
|L‘Wrmns tofoster studem salf-regulation ar\d self-efficacy, and to ereate a learming-
e | e e el s Providi ities f ' d ise hel d i d Il
o J roviaing opportunities for review and practise helps students retain and reca
Bl | S onsions o pesiow o e oo, what they learn
teaching abjectives, praviding explicit explanations of new knowledge, scaffolding
\OO learning and modelling practice, and using formative assessment and

feedback to meniter progress towards mastery.

= : o ; s g o
Supperted | st th prcies o maiiethe consizton o applcotonce Organising and sequencing content around a specific objective deepens

application learning, including revisiting and reviewing knowledge, varying and spacing
practice, arganising knowledge and extending and challenging students as

A student understandin g

*Know! uol, canceptual and procedural knowiedge See AERC (2023}, hitpsfwww coresearch sdu aulrescurces/
PS5

Knowledge-building, guidance and scaffolding supports students with additional

limitations in prior knowledge, memory and information processing
Education boss calls for doubling down on explicit
teaching in schools A strong foundation of knowledge and skills provides students with mental

models for extending and applying their learning with greater independence

Lucy Carroll
October 23,2023 — 5.00am Qsee s 4 A A n View all comments
° Listen to this article

o

The head of the NSW public education system has called on schools to double
down on the use of explicit instruction - a teaching method that gives students
step-by-step and clear instructions - in a bid to boost results and close the stark

achievement gap.




Key take-aways

Read about Critical Mathematical
Thinking

Monteleone, C., Miller, J., & Warren, E. (2023).
Conceptualising critical mathematical thinking in
young students. Mathematics Education Research
Journal, 35(2), 339-359.

Monteleone, C., & Miller, J. (2023). Evidence of
Young Students' Critical Mathematical Thinking.
Mathematics Education Research Group of
Australasia.

Monteleone, C. (2022). Teacher Questioning to
Support Young Students to Interpret and Explain
Their Critical Mathematical Thinking. Mathematics
Education Research Group of Australasia.

Pose guiding and probing questions

Rethink your explicit teaching
strategies
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What is best in mathematics deserves not merely
to be learned as a task but to be assimilated as a
part of daily thought and brought again and
again before the mind with ever-renewed
encouragement.

Bertrand Rusell, in his book Contemplation and Action, 1902-14
(1985), stressing the continuous interplay of reasoning and
reflection in mathematics.



Reasoning is the lifeblood of mathematics,
the air it breathes.

Hannah Fry is a British academic, author and radio and
television presenter. She is Professor in the Mathematics of
Cities at the UCL Centre for Advanced Spatial Analysis.
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