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Aims of these two sessions

Session 1 (18t November 2021)

How can we best plan and sequence our science curriculum to
secure conceptual understanding ?

Session 2 (26t January 2022)

Reflections on ‘takeaways’ from session 1

How can we best ensure that children use scientific vocabulary
accurately and showing understanding ?
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First part of today’s session

Understanding is achieved by repeated exposure to key concepts
over time, securing what has been previously learned and
deepening knowledge by application and extension.

How well does our science curriculum promote secure
understanding ? How do we know ?

This requires us to identify these key concepts and plan how
children will encounter them both within units of work and as
they go through key stages.

What are these key concepts ? How are they best expressed ?
What will help children think about concepts rather than tasks ?
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“Know more, remember more”

Building blocks of progress

An ambitious curriculum ... needs to identify the most important concepts for
pupils to learn. It must also teach pupils how these concepts are related so
that, over time, the logical structure of each scientific discipline is made
explicit. (1)

We saw some excellent examples of schools that had carefully considered the
building blocks of progress in history, identifying knowledge that was essential
to pupils’ understanding of new material. (2)

In some schools, there was a misunderstanding of how to make progress
In languages, step by step. Rather than focusing on the building blocks of
a language (phonics, grammar and vocabulary), some schools were simply
increasing pupils’ stock of words, through different topics. (3)

(1) Curriculum progression : What it means to get better at science Ofsted research review 29.04.21
(2) History in outstanding primary schools Tim Jenner HMI Ofsted blog 29.04.21
(3) MFL in outstanding primary schools Michael Wardle HMI Ofsted blog 04.05.21
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Design and build

“A collection of topics and resources

is NO more a curriculum

than a piIe of bricks is a house.”

Dylan Wiliam =
D
“ = - N =
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Design and build

= The bricks and mortar
of the subject

.= 0%  The architecture of

the subject

&

TEACHING ALLIANCE
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Secure foundations for learning

Substantive knowledge
- the bricks

- the “know that” of
science

Substantive concepts
—the cement in the
mortar which binds the
bricks together

—the “big ideas” of
science
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Possible weaknesses
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Secure foundations for learning

Substantive knowledge - the bricks
- the “know that” of science

Substantive concepts — the cement
in the mortar which binds the bricks
together — the big ideas of science

Disciplinary knowledge — the right ratio of sand : cement : water
to make a mix which is permanently “sticky” — how scientific
knowledge has come about, how scientists formulate questions
and how scientists observe, measure, test and communicate
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Caution : Ofsted terminology

&

PITAL

TEACHING ALLIANCE

Table 1: Knowledge can be categorised
according to its disciplinary nature and how it is

used by an individual
Substantive Disciplinary
knowledge knowledge
Conceptual... Liquids expand All measuring
know that. .. when they are instruments, such as
because... heated (for a thermometer, have
example, the liquid a built-in degree of
inside a uncertainty.
thermometer).
?(ocedunl[“" otnote  Draw a particle Use a thermometer
731 know how diagram for a liquid. to measure the
to... and be able temperature of a
to... solution.

Scientific enquiry integrates substantive and
disciplinary knowledge, as explained in the table
above, into an overall strategy to answer
questions about the material world.
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Being clear about language we use

“Scientific enquiry
integrates substantive
and disciplinary
knowledge”

“...It's what you do,
not how you label it

that matters.”

Daniel Muijs, Ofsted director of
research 2016-20
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“Know more, remember more”

Know stuff Know your stuff

oo ® ot 2

Making strong connections with substantive knowledge
and building conceptual understanding
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Curriculum coherence

AAAAAAAAAAAAAAAA

Coherence comes from the Latin
‘to stick together’

v. cohere = to make a connection
adj. cohesive, coherent
adj. adhesive
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What kind of coherence ?
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Identifying coherence

Pushes and pulls Sorting materials
To know that movement can To investigate what materials
be described in many ways toys are made of

To know that toys can be made To investigate which material

to move by push and pull is best for a bath toy
Physics Chemistry
CPITAL |
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Substantive knowledge

Pushes and pulls

To know that movement can
be described in many ways

To know that toys can be made
to move by push and pull

Physics
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Substantive concept

Pushes and pulls

To know that movement can
be described in many ways

To know that toys can be made
to move by push and pull

Physics

Forces

What forces are and how they
work
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Substantive concept

Pushes and pulls

To know that objects can be made
to move by push and pull

To know that all movement can
be classified as a push or a pull

Physics

Forces

What forces are and how they
work
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Substantive and disciplinary knowledge

Pushes and pulls Sorting materials
To know that movement can To investigate what materials
be described in many ways toys are made of

To know that toys can be made To investigate which material
to move by push and pull is best for a bath toy

Physics Chemistry

What do you want them to think about ?
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Why is coherence important?

“Toys” is not a scientific concept.
What are the scientific concepts being taught here?
How are these being made explicit ?

“Concepts act as holding baskets”

Mary Myatt
THE CURRICULUM
Gallimaufry to coherence
Back
on
Track

Mary Myatt

CPITAL -
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Spot the misconception(s)

Materials Float or Sink Pushes and pulls

' To know that movement can be described in
Materials that float in water

many ways
Ball Candle Cork Pencil
Rubber Eraser  Egg To know that toys can be made to move by
push and pull

Sorting materials

To investigate what materials toys are made

_ of
Rock Screw Key Ring

Paper Clip  Penny . . . L
To investigate which material is best for a

bath toy

Materials that sink in water

CPITAL -
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Thinking about knowledge and concepts

Substantive concepts
Whether an object floats or sinks is not related to the property
of the material from which it is made.

Whether an object floats or sinks is determined by its density
relative to the density of the liquid.

Materials Float or Sink

Materials that float in water

Disciplinary knowledge

Formulating questions

Observation

Testing and checking

Recording and communicating findings

Materials that sink in water

AAAAAAAAAAAAAAAA
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Thinking about how knowledge builds

Substantive concepts *I "
Objects have a density which can be calculated — |
mass divided by volume, measured in g/ml or kg/I.

An object with a relative density > that of water will sink.
An object with a relative density < that of water will float.

Disciplinary knowledge

Formulating questions

Observation

Testing and checking

Recording and communicating findings

Tap Water Salt Water

AAAAAAAAAAAAAAAA

www.davidbarclay.org.uk




Big ideas of science
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Cell structure
Cell specialisation

Organisation
Cell division

Homeostasis

Dissipation of energy and conservation
Renewable and non-renewable
Energy transfers make things happen

\ements @ -\,Au‘es Energy stores and transfers

hescienceteacher.co.uk
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Big ideas of Physics

# The universe follows unbreakable rules that are all about forces, matter and energy.
- # Forces are different kinds of pushes and pulls that act on all the matter that is in the universa.

# Energy, which cannot be created or destroyed, comes in many different forms and tends to move away from objects that have lots of it

—)
—)

—)
—

:‘T‘Sﬁj Physics ‘big ideas’, enquiry questions and substantive vocabulary

Lhty

™

What makes objects move and stop moving?

How does energy make things happen?

How can forces be changed and controlled?

What can magnets do?
Can anything fall upwards?

Can we slow the movement of an object down or
speed it up?

‘Wwhere does light come from?

‘what iz darkness?

How do we seel

Do we perceive all images the same way?
How are sounds made?

How do we hear sounds?

‘what makes a range of sounds different from each
ather?

why can we hear but not see round corners?

How can we ue electricity to make a machine

Daoes electricity flow easily through all objects?

How can we make it eazier to make something

magnetic force, magnetizm, attract, repel, pols

push, pull, force

gravity, gravitational force, air resistance, water
resistance, wpthrust, friction

balanced forces

light souwrce, natural light, artificial light

light, darkness, shadoe

reflection, mirror, refraction

spectrum

filament, cornea, retina, pupil, optic nerve,
rods, Cones

sound, vibration, pitch, volume, tone

ear drum, cochlea, hammer, anvil, stirrup

electrical cirouit, cell, battery, wire, switch,
bulb, buzzer, motor, appliance

conductar, insulator

machine, lever, pulley, gear, mechanics

weight, Mewtons, mass

TEACHING ALLIANCE
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Rethinking

Sorting materials

To investigate what
materials toys are made of

To investigate which
material is best for a bath

toy

Chemistry

AAAAAAAAAAAAAAAA
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Rethinking

Sorting materials

To classify what materials
toys are made of

To investigate which
material is best for a bath

toy

Chemistry
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Rethinking

Sorting materials

To classify what materials
toys are made of

To investigate which
material is best for a

floating bath toy

Chemistry

AAAAAAAAAAAAAAAA

www.davidbarclay.org.uk



Rethinking

Sorting materials

To classify what materials
toys are made of

To investigate which
material is best for an

absorbent bath toy

Chemistry

AAAAAAAAAAAAAAAA
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Progression in substantive knowledge

uui1

@

Chemistry ‘big ideas’, enquiry questions and substantive vocabulary

* All matter in the universe is made up of tiny building blocks.

* The arrangement, movement and type of the building blocks of matter and the forces that hold them together or push them apart explain all the

properties of matter.

» Matter can change if the arrangement of these building blocks changes.

What are things made from?

How can form change?

How do we choose the right materials for a job?
Are all materials the same?
What different ways can we group materials?

How do we use materials to protect and help us?

What are the ways in which water can be formed?
What happens when things heat up and cool down?
Does everything freeze and beil at the same temperature?

Is it possible to separate everything from mixtures?

material, natural, man-made, synthetic

wood, plastic, rubber, metal, paper, cardboard, glass, stone, brick,
pottery

hard, soft, bendy, stretchy, rigid, flexible, pliable

absorbent, water-resistant, waterproof, pervious, impendous

flammable, non-flammable

shiny, dull, reflective, transparent, opague, translucent

chemistry

hardness, solubility, concentration, transparency, conductivity, insulation

solid, liquid, gas, state, particles, molecules

evaporation, vapour, condensation, droplets

temperature, degrees Celsius, freezing, solidifying, cooling, heating,
melting, boiling

reversible, irreversible

sieving, filtering, solution, dissolving

PITAL
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Progression in substantive knowledge

ﬁ Biology ‘big ideas’, enguiry questions and substantive vocabulary

# Living things on Earth come in a huge variety of different forms that are all related because they all came from the same starting point 4.5

billion years ago.

#» Living things are special collections of matter that make copies of themselves, use energy and grow.
» The different kinds of life, amimals, plants and microorgamisms, have evolved over millions of generations into different forms in order to survive

in the environments in which they live.

What kinds of life are there?

How do living things survive and grow?

What makes life go on?

Is everything on Earth alive?
Are all animals and plants totally different?
What is a plant?

‘What different ways can we group living things?

How do amimals and plants stand up and mowve?
Does everything grow in the same way?

‘What eats what and wiy?

Is all food good for us?

How do humans and animals change?

‘Whiy do we need to grow old?
‘What do lixing things inherit from their parents?

‘Why have some animals become extinct?

mammal, fish, bird, reptile, amphibian
kingdom, class, species

carnivore, herbivore, omnivore

zkin, fur, hide, feathers, scales

biclogy, zoology, botany

vertebrate, invertebrats

imsect, arthropod, gastropod, micro-organism
classification, taxonomy

water, light, temperaturs, nutrition,
transportation

skeleton, organs, muscles

food chain, energy

habitat

prey, predator, producer, consumer

leaf, root, stem, seed, fruit, flower, petal

pollination, dispersal, reproduction

canime, incisor, molar

digestion, saliva, acid, enzyme

circulatory system, heart, valve, blood vessels,
veins, arteries

respiration, ocxygenated, de-oxygenated

foetuws, embryo, gestation, womb

puberty

life cycle

fossil

inheritance, genetics
adaptation, evolution

PITAL
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Progression in substantive knowledge

3
@- Earth science ‘big ideas®, questions and substantive vocabulary

leads to many geological events.

# The Earth is one of =ight planets that orbit the sun.
# The Earth is tilted and spins on its axis leading to day and night, the seasons and the climate.
= The Earth is made up of several layers, including a thin rocky surface which = divided into tectomic plates, and the movement of these plates

What is the Earth made from?

How does the Earth's position in the selar system dictate its climate
and cenditions for life?

where do rocks come from?
are all rocks made in the same way?
Iz & fossil a rock?

Is soil a type of rock?

why do we have day and night?
Is the weather the zame every day?
wihy does the moan s2em ta change shape?

How do we know the Earth is moving?

Earth's crust, mantle, core, plate, tectonic, fault
igneous, volcanic, eruption, lava, granite, pumice
sadimentary, sandstone, coal, chalk

fossil, fossilisation

metamorphic, slate, marble

permeable, impermeable

soil, soil type, sand, loam, clay, silt

organic, carboniferows, minerals

gaology

sun, sunshine, daylight, darkness, daytime, night-time, dawn, dusk,
rotation, axis

Summer, Spring, Autumn, Winter, seasons, tlt

planet, orbit, fMoon, zatellite, phases of the moon, waeing, waning

Astronany

zolar system, galaxy, star, constellation, universe

PITAL
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How can leaders best support teachers?

Making sure that building blocks of knowledge are identified
and planned for explicitly.

Helping teachers see how knowledge connects conceptually
and that this builds understanding over time.

Helping teachers decide how scientific enquiry and thinking
supports the development of conceptual understanding.

g
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Curiosity and knowledge

III

want them to be curious”

IT'S DUE TO RAYLEIGH SCATTERING.

(HY 1S THE SKY BLLE?
v

MOLECULES IN THE ATMOSPHERE SCATTER SHORT
WAVELENGTH LIGHT MORE THAN LONG WAVELENGTHS,

(1 knEw THAT )
|

BLUE LIGHT HAS A REALLY SHORT WAVELENGTH SO THAT
GETS SCATTERED MOST AND THAT'S WHAT WE SEE.

L

RO -

[)

é .

AAAAAAAAAAAAAAAA

www.davidbarclay.org.uk



Scientific concepts which underpin
learning in other subjects

Some scientific learning dovetails with geographical
and historical learning.

We need to make links which are conceptual rather
than just thematic.

For which specific examples is this the case and what
are the implications for sequencing ?
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Scientific concepts which underpin
learning in other subjects

Materials

* Change of state The water cycle

* Properties of metals Ancient civilisations
e Rocks and soil Volcanic regions
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Change of state
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Progression in substantive knowledge

@

Chemistry ‘big ideas’, enquiry questions and substantive vocabulary

* All matter in the universe is made up of tiny building blocks.

properties of matter.

» Matter can change if the arrangement of these building blocks changes.

* The arrangement, movement and type of the building blocks of matter and the forces that hold them together or push them apart explain all the

—

What are things made from?

How can form change?

—

How do we choose the right materials for a job?
Are all materials the same?
What different ways can we group materials?

How do we use materials to protect and help us?

What are the ways in which water can be formed?
What happens when things heat up and cool down?
Does everything freeze and beil at the same temperature?

Is it possible to separate everything from mixtures?

material, natural, man-made, synthetic

wood, plastic, rubber, metal, paper, cardboard, glass, stone, brick,
pottery

hard, soft, bendy, stretchy, rigid, flexible, pliable

absorbent, water-resistant, waterproof, pervious, impendous

flammable, non-flammable

shiny, dull, reflective, transparent, opague, translucent

chemistry

hardness, solubility, concentration, transparency, conductivity, insulation

solid, liquid, gas, state, particles, molecules

evaporation, vapour, condensation, droplets

temperature, degrees Celsius, freezing, solidifying, cooling, heating,
melting, boiling

reversible, irreversible

sieving, filtering, solution, dissolving
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Change of state
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Geographical knowledge is underpinned
by scientific knowledge

condensation

\
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Geographical knowledge is underpinned
by scientific knowledge
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Historical knowledge is underpinned
by scientific knowledge
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Expansion of the Roman Empire : raw materials

BRITANNIA
Tin

Iron

Wool

SARDINIA
Grain

MAURETANIA
Timber
Wild Animals

CGPITAL

GERMANIA
Amber Glass Hides

DALMATIA
Gold
Hides
Iron

ITALIA
Iron
Qil

Pottery Fish

SICILY
Grain
Fruit
Wool

MACEDONIA
Grain

Gold

Trading Products

in the Roman Empire

SCYTHIA
Grain
Honey
Hemp

THRACE
Grain
Fish
Horses

ASIA MINOR
Wool

Linen
GREECE Wine

Wine Honey
Linen

PALESTINE

ARABIA

CYRENAICA Asphalt
Medical Herbs
Timber EQYPT
Glass
Grain

Papyrus

CENTRAL AFRICA
Ivory

www.davidbarclay.org.uk

Silk

Iron

MESOPOTAMIA
Metals
Precious Stones

SYRIA
Wool
Linen
Pottery

SOUF TH ARABIA
ks
and other
Perfumes




What’s special about copper and tin?

When copper and tin ores are melted, mixed and
cooled, they make the alloy bronze

www.davidbarclay.org.uk



The Romans were expert metalworkers
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What'’s special about bronze?

Key properties of
bronze

Exceptionally hard
Doesn’t wear out
Can be finely
decorated

Doesn’t rust

Conducts heat well
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Different kinds of rock

' Metamorphic | Sedimentary

b SO0y Come

Formed from igneous or  Formed from small parts
sedimentary rocks  of other rocks settling one
which have been cither  on top of the other
melted, bent, folded or  (compaction).

* There may be fossils
present

* There will be different
stones mibxed in. '

'+ Easy to break or chip.

* There may be a layer of
metal ore between
layers of rock

www.davidbarclay.org.uk




Different kinds of rock

]

of other rocks settling one
on top of the other

(compaction).

* There may be fossils

present
* There will be different

stones mixed in.
|+ Easy to break or chip.
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Why would you live in the shadow of a volcano?

Fertile soil

Rich in minerals
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Scientific knowledge typically underpins
historical and geographical knowledge

Materials
* Change of state
 Metals

e Rocks and soil
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Plan to activate prior learning

Activating prior learning is a crucial element of science

pedagogy. Typically, children may remember activities but
be less secure in scientific explanation which shows
conceptual understanding.

How can we best design activities which activate prior
learning and show teachers what children have
retained and understood from previous learning and
what may need revision or even reteaching ?
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What different ways can we group living things ?
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Put these in order according to number of legs
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What makes insects special ?

six legs eight legs
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Help them to organise their thinking
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Insects

&

head

thorax

abdomen

All insect bodies are divided into three parts: the head which is
connected to the thorax, which in turn is connected to the abdomen.

All insects have six legs which attach to the thorax.

Most, but not all, insects have wings.

PITAL
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Insects

&

head

thorax

abdomen

All insect bodies are divided into three parts: the head which is
connected to the thorax, which in turn is connected to the abdomen.
All insects have six legs which attach to the thorax.

Most, but not all, insects have wings.
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Insects

&

head

thorax

abdomen

All insect bodies are divided into three parts: the head which is
connected to the thorax, which in turn is connected to the abdomen.

All insects have six legs which attach to the thorax.

Most, but not all, insects have wings.
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What are they sure of ?

Ladybirds have faces
Ladybirds can smile

Ladybirds are red
All ladybirds are red

Ladybirds have six spots
All ladybirds have six
spots on their bodies

Ladybirds have wings

Ladybirds have two
wings

AAAAAAAAAAAAAAAA
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Labelling a ladybird

antenna head leg wing spot
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Show how you know that a ladybird is an insect

wings

eletrya

AAAAAAAAAAAAAAAA

head

Legs
connected
to thorax
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Building knowledge to reveal concepts

What makes insects special ?

Six legs
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“Why is a spider not an insect?”
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“Why is a spider not an insect?”

&

Alfie says “A spider can't
be an insect because it
has a different body from
insects like bees.”

Chen says “A spider can't be
an insect because spiders
don’t have wings and insects
do.”

Megan says “A spider can't
be an insect because it
makes a web and insects
don’t do that.”

PITAL
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Plan for conceptual understanding

Invertebrates

Class

Specific
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How can leaders best support teachers?

Planning and sequencing how children encounter concepts
requires strong pedagogical subject knowledge, with which
some teachers need considerable support.

How can leaders best support their less confident colleagues ?

Making sure that building blocks of knowledge are identified
and planned for explicitly.

Helping teachers see how knowledge connects conceptually
and that this builds understanding over time.

Helping teachers decide how scientific enquiry and thinking
supports the development of conceptual understanding. @ig
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Mapping the subject
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Next time

Wednesday 26" January 2022
13.00 -15.00

Reflections on ‘takeaways’ from session 1

How can we best ensure that children use scientific
vocabulary accurately and showing understanding ?
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Contact details
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David Barclay

Email
david@davidbarclay.org.uk

Phone
07718 493739
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