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Aims of these two sessions
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Session 1 (18th November 2021)

How can we best plan and sequence our science curriculum to 

secure conceptual understanding ?

Session 2 (26th January 2022)

Reflections on ‘takeaways’ from session 1

How can we best ensure that children use scientific vocabulary 

accurately and showing understanding ?



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”
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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



Design and build

“A collection of topics and resources

is no more a curriculum 

than a pile of bricks is a house.”

david@davidbarclay.org.uk

Dylan Wiliam
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Design and build
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The bricks and mortar 
of the subject

The architecture of 
the subject



Secure foundations for learning
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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



Possible weaknesses
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Secure foundations for learning
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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 



Caution : Ofsted terminology
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Being clear about language we use 
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“…It’s what you do, 
not how you label it 
that matters.”

Daniel Muijs, Ofsted director of 
research 2016-20

“Scientific enquiry 
integrates substantive 
and disciplinary 
knowledge”



“Know more, remember more”
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Making strong connections with substantive knowledge 
and building conceptual understanding 
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Know stuff Know your stuff



Curriculum coherence

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
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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

Sorting materials

To investigate what materials 
toys are made of

To investigate which material 
is best for a bath toy

Chemistry



Substantive knowledge
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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



Substantive concept
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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



Substantive concept
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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



Substantive and disciplinary knowledge
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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

Sorting materials

To investigate what materials 
toys are made of

To investigate which material 
is best for a bath toy

Chemistry

What do you want them to think about ?



Why is coherence important?
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“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



Spot the misconception(s)
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Sorting materials

To investigate what materials toys are made 
of

To investigate which material is best for a 
bath toy

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



Thinking about knowledge and concepts
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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.

Disciplinary knowledge
Formulating questions
Observation
Testing and checking
Recording and communicating findings



Thinking about how knowledge builds
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Substantive concepts
Objects have a density which can be calculated –
mass divided by volume, measured in g/ml or kg/l.

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



Big ideas of science
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Big ideas of Physics
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Rethinking
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Sorting materials

To investigate what 
materials toys are made of

To investigate which 
material is best for a bath 
toy

Chemistry



Rethinking

david@davidbarclay.org.ukwww.davidbarclay.org.uk

Sorting materials

To classify what materials 
toys are made of

To investigate which 
material is best for a bath 
toy

Chemistry



Rethinking

david@davidbarclay.org.ukwww.davidbarclay.org.uk

Sorting materials

To classify what materials 
toys are made of

To investigate which 
material is best for a 
floating bath toy

Chemistry



Rethinking
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Sorting materials

To classify what materials 
toys are made of

To investigate which 
material is best for an 
absorbent bath toy

Chemistry



Progression in substantive knowledge
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Progression in substantive knowledge
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Progression in substantive knowledge
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How can leaders best support teachers?
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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.



Curiosity and knowledge
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“I        want them to be curious”



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

• Rocks and soil                           Volcanic regions
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Change of state
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Progression in substantive knowledge

david@davidbarclay.org.ukwww.davidbarclay.org.uk



Change of state
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Geographical knowledge is underpinned 
by scientific knowledge
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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
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What’s special about copper and tin?
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When copper and tin ores are melted, mixed and 
cooled, they make the alloy bronze



The Romans were expert metalworkers
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mining

smelting

forging



What’s special about bronze?
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Key properties of 
bronze

Exceptionally hard 
Doesn’t wear out
Can be finely 
decorated

Doesn’t rust

Conducts heat well



Different kinds of rock
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• There may be a layer of 
metal ore between 
layers of rock



Different kinds of rock
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• Volcanic



Why would you live in the shadow of a volcano?
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Fertile soil

Rich in minerals



Scientific knowledge typically underpins 
historical and geographical knowledge 

Materials 

• Change of state 

• Metals

• Rocks and soil
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Plan to activate prior learning
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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 ?



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 ?
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no legs six legs eight legs

?



Help them to organise their thinking 
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What do you notice ?



Insects
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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.



Insects
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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.



Insects
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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.



What are they sure of ?
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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



Labelling a ladybird

david@davidbarclay.org.ukwww.davidbarclay.org.uk

antenna      head      leg     wing      spot



Show how you know that a ladybird is an insect
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head

Legs 
connected 
to thorax

wings

abdomeneletrya



Building knowledge to reveal concepts
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Wings
Six legs

What makes insects special ?



“Why is a spider not an insect?”
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“Why is a spider not an insect?”
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Plan for conceptual understanding
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Minibeasts

Insects

Invertebrates



How can leaders best support teachers?
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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.



Mapping the subject
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Following the map

Studying the map

Orienteering the map



Next time
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Wednesday 26th 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 ?



Contact details
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