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How To Guide – Building Booklets
Astrea Academy Trust is moving to booklet-led learning in every subject; in 2023/24 we will complete KS4 booklets. In time, this move will reduce workload and enable teachers to focus on the more impactful aspects of planning.
The Nature of the Curriculum
Science is a hierarchical subject with many links between topics; it is important that each stage of learning is secure and appropriate links are made. 
We can broadly divide the content of the curriculum into two types: 
· Procedural: Knowledge that is learnt as a process (e.g. risk assessments; calculations).
· Declarative: Knowledge that includes the facts and information related to science.
Each type of knowledge is built in different ways that need to be considered when writing booklets. 
Key considerations
· The activities that you include when you build your subtopics reflect the type of knowledge.
· We aim to build expertise in novices. The learning journey must reflect starting points and ambitious end points but not to overwhelm working memories.
· Students should be challenged. Desirable difficulties (Bjork, 1994) can be built into lessons through varying practice, spacing and interleaving.
· Students need to understand where new content fits into their existing schema. 
What it looks like – procedural knowledge
Students need to understand where the knowledge fits into their existing knowledge, learn a process and then apply it in increasingly challenging contexts. 
Guided reading is a powerful strategy that is particularly important in our context; a reading activity needs to be included that: 
a. Refers to prior learning to enable links to existing schema.
b. Contains tier 2 and tier 3 terminology.
c. Is 400 – 600 words in length.
 Worked examples are particularly powerful when used with novices who self-explain. A worked example should be included.
Faded application questions build proficiency by removing scaffolding at a pace that works for the student. 
At Astrea Dearne we use I do, we do, and you do. Typically one question is used for the ‘I do’, one for ‘we do’ and several examples are used for ‘you  do’. 
Difficulty of ‘you do’ should be increased incrementally. 


Examples: Dotted lines for writing answers on have been removed for clarity. 
Example 1: Relative formula mass
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Description automatically generated]The formulae used increase the challenge as the set of questions is descended. 


Example 2: Natural Selection
All of the questions can be answered using the following procedure: 
1. Identify the variation.
2. Identify the advantage (e.g. camouflage).
3. Refer to those with one type of variation being more likely to survive. 
4. Refer to favourable genes being passed on to offspring. 
[image: A close-up of a paper

Description automatically generated]Q4. 
Requires processing of large amounts of information. 
Format of the question (in bold) might confuse students. 
Q3. 
Advantage requires a link to be made to SA: volume ratio or layers of fat. This needs to be explained in terms of heat loss. This is more challenging than previous examples. 
Q2. 
Increased challenge because more information must be processed. 
Students need to identify mimicry as an advantage; students will be less familiar with this than camouflage.
Q1. 
Simple format reflecting the I DO, and We DO. 
Familiar advantage (camouflage).

What it looks like – procedural knowledge (equations)
Use of calculations is an example of procedural knowledge. However, the difficulty is increased because the equation may need to be rearranged. In this situation, blocking and interleaving is used. 
Key considerations: 
· Each section of questions should contain ten or more questions. 
· Increase the difficulty of questions by, for example, changing the wording incremental, requiring students to convert units or removing scaffolding. 

Example – momentum, mass and velocity.
Block 1 – calculating momentum                                                Block 2 – calculating mass
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In both cases, the challenge has been increased by removing scaffolding. This would also be the case for block 3 (calculating velocity). 

Example continued.
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With interleaved content, challenge comes from students having to discriminate between similar questions. 
In this case, all of the questions have a similar format. 
For questions 6 and beyond, additional challenge could be added by requiring students to convert units etc. 

What it looks like – declarative knowledge
When we teach declarative content, we need to ensure that students have understood the content and have opportunity to use the content alongside their existing knowledge. 
Guided reading is used as part of the teacher explanation.
Practising declarative content
As with procedural knowledge, declarative knowledge needs to be practised. Adam Boxer gives several examples of how to do this in his book ‘Teaching Secondary Science – A Complete Guide’. 
Technique 1 – Spacing and slightly varied repeat
This is a straight-forward technique to plan that should be in every lesson. 
Example: 
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Description automatically generated]The format is changed again. This time they have to name the organelle; in previous questions they were given the name.
Questions are repeated. For example, ‘e’ is a repeat of ‘a’. However, the wording is changed; this adds a small amount of difficulty. 
The first four questions have the same direct format. 



It is anticipated that two of the following techniques will be built into sub-topics. 
The techniques that are most relevant to the content should be chosen.


Technique 2 – Contrasting concepts
Thinking about the content is provoked by asking students to compare related concepts. For example: 
1. Compare mitosis and meiosis.
2. Compare plant cells and animal cells. 
3. Compare prokaryotic cells and animal cells. 
4. Compare the structure of lithium to the structure of sodium.
5. Compare an object with a lot of energy in its thermal energy store to one that has a lot of energy in its kinetic energy store. 
6. Compare longitudinal waves and transverse waves. 
7. Give two differences between muscle cells and nerve cells. 
8. The digestion of proteins and the combustion of fuel are both chemical reactions. What are the differences between them?
9. What are the differences and similarities between ammeters and voltmeters. 
10. What are the similarities between a particle diagram of a solid and a particle diagram of a liquid.? Questions 7 – 10 were taken from page 259 of Teaching Secondary Science: A Complete Guide. 




Technique 3 – If it didn’t…
Structure – function and structure – properties relationships are common in Science. Thinking about these can be promoted using ‘If it didn’t…’.
Examples from page 260 of Teaching Secondary Science – A Complete Guide include: 
1. If a sperm cell did not have a tail, how would it affect its ability to carry out its function? 
2. If the stomach did not have acid in it, how would this affect digestion?
3. If metals were not malleable, how would this affect the way that we use electrical devices?
4. If water was not a liquid, how would this affect how plants could grow?

Technique 4 – Wrong answers
Students correct answers that are incorrect. For example: 
1. A student is asked ‘name a property of solids’ and answers: The particles are all touching. 
Explain why the student is incorrect. 
2. [bookmark: _Hlk143033335]A student is asked ‘name two non-contact forces’ and answers: Weight and air resistance. 
Explain why the student is incorrect. 
3. A student is asked ‘Why do root hair cells not have any chloroplasts in them?’ and answers: Because they are not green. 
Explain why the student is incorrect.
Explain why the student thought the answer was correct.  
4. A student says: A substances boiling point is when it boils. 
Explain why the student is incorrect. 
Rephrase the student’s statement to make it correct.Difficulty increases down the list.
Questions were taken from pages 260 and 261 of Teaching Secondary Science: A Complete Guide. 





Interleaving
Difficulty can be increased further through interleaving new content with prior learning. This content might come from the current topic or from other topics. 
Example: The muscle cell. 
Students have previously studied particles and cells. They are currently studying energy, and following introduction to stores and pathways, they practise their new knowledge before attempting the question set below: 

This question is about a muscle cell.
1. What is the function of a muscle cell? 
2. How is the muscle cell adapted to its function? 
3. What is the name of the process that releases energy in the muscle cell?
4. In which organelle does this take place? 
5. The muscle cell uses glucose to release energy in a chemical reaction. Which energy store is involved with the glucose in this store? 
6. Muscle cells work together to bring about movement. What is the name for something made of many cells working together?
7. When a person moves their muscles move, they start to feel warm. Which energy store is filling up? 
8. A person who has just exercised touches a cold object and warms it up a bit. What energy transfer is involved?
9. The object they touched was an ice-cube. What happens to it if they hold it for a long time? 
10. Draw a particle diagram of an ice cube.
11. Explain why the ice cube cannot flow.
Exam questions can be valuable when used in lessons. However, they are usually overused because they are used as a substitute for activities that scaffold or promote deeper thinking (e.g., techniques 1 – 4). 
A maximum of three well chosen exam questions should be included.
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Interleaved calculations

u will need to work out if you

calculate momentum,

velocity or mass and then do the appropriate calculation.

Q1 A car with a mass of 1200 kg is moving at a velocity of 25 m/s. Calculate its momentum.

We know that Momentum (p) = Mass (m) x Velocity (v)

Substituting the values, we get: Momentum (p) = 1200 kg x 25 m/s = 30,000 kg:m/s

Q2 An airplane with a momentum of 15,000,000 kg:m/sis flying at a velocity of 300 my/s.
Calculate its mass.

Substituting the values, we get: 15,000,000 kg:m/s = mx 300 m/s
Solving for mass (m): m = 15,000,000 kg:m/s + 300 m/s = 50,000 kg

Q3 A tennis ballis served with a momentum of 1.5 kg:m/s and a velocity of 30 m/s.

Calculate its mass.

Substituting the values, we get: 15 kgim/s =m x 30 m/s
Salving for mass (m}: m = 15 kgm/s 30 m/s = 005 ke,

Q4 A bullet s fired with a mass of 0.02 kg and a momentum of 100 ke:m/s. Calculate its
velocity.

Substituting the values, we get: 100 kg:m/s =0.02 kg v
Solving for velocity (v v = 100 kgmys + 0.02 kg = 5000 m/s

Q5 A soccer ball with a momentum of 4 kg:m/s

kicked at a velocity of 10 m/s. Calculate its

Substituting the values, we get: 4 kgm/s = m x 10m/s
Solving for mass (m): m =4 kgm/s < 10m/s = 0.4 ke
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Cell structure

What is the function of the cell membrane?

b. What is the function of the nucleus?

. What s the function of the ribosome?

d. What s the function of the mitochondria?

e. Every cell has a cell membrane. What is its function?

. sperm cells contain many mitochondria. What function do mitochondria perform?

g Ribosomes can not be seen with a light microscope. What is the function of

ribosomes?

h. Which organelle controls the cell?

i, Which organelle makes proteins?
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YOU DO — Relative formula mass

Q. Calculate the percentage by mass of oxygen in carbon dioxide, COz.

Q2. Calculate the percentage by mass of sodium in sodium chloride, NaCl.

Q3. Calculate the percentage by mass of chlorine in potassium chloride, KCl.

Q4. Calculate the percentage by mass of carbon in glucose, CeHizOs.

Q5. Determine the percentage by mass of nitrogen in ammonium nitrate. NHsNOs.

. Calculate the percentage by mass of nitrogen in urea, CO[NHz)z.
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YOU DO - Natural Selection

Q1

Q2.

Q3.

Q4.

A particular species of snail has a shell which may be pink, yell
plain or have bands running round it

The snails are eaten by song thrushes.

Explain why snails with plain brown shells are the most common in hedgerows.

or brown. It may also be

The drawings show two different species of butterfly.

tmaurts Hypolimnas

+  Both species can be eaten by most birds.
+  Amauris has a foul taste which birds do not like, so birds have learned not to prey on it.

+  Hypolimnas does not have a foul taste but most birds do not prey on it

Suggest an explanation, in terms of natural selection, for the markings on the wings of
Hypolimnas.

The vole is a small, mouse-like animal. Voles found on some cold islands to the north of
Scotland are much larger than voles found in warmer areas such as southern France.
Explain how natural selection may have caused the northern voles to be larger in size.

The peppered moth is an example of a mutation which gives the mutant va
in certain environmental conditions.

Normally the peppered moth s light coloured.

In 1848 the first dark form of the peppered moth was caught in the Manchester area. By 1895,
98% of the population was the dark form. In an area where a smokeless zone was established
in 1972 the percentage of light-coloured peppered moths changed. In 1961 it was 5.2% but in
1974 it had risen to 10.5%.

Use the information above to explain the term natural selection.

ty an advantage
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Calculate momentumm in the following scenarios:

Q1 A car with a mass of 1000 kg is moving at a velocity of 20 m/s. Calculate its momentum.
Equation: p = m x v

Substitute values: p = 1000x 20

Calculate momentum: 1000 20

0,000 kg m/s
Q2 (1D0) A tennis ball with a mass of 0.1 kg i served at a velocity of 30 my/s. Calculate its
momentum.

Equation:

Substitute values: Momentum (¢) = 0.1 kg x 30 m/s =3 kgmys

Calculate momenturn:

Q3 (WE DO) An airplane with a mass of 50,000 kg s

i at a velocity of 200 m/s. Calculate.

its momentum.

Equation:

Substitute values: Momentum (5) = 50,000 kg x 200 m/s = 10,000,000 kg:m/s

Calculate momenturn:
Q4 (YOU DO) A bullet with a mass of 0.02 kg s fired at a velocity of 500 m/s. Calculate its

momentum.

Equation: Momentum (p) =0.02 kg x 500 m/s = 10 kgrm/s

Substitute values

Calculate momenturn:
Q5 (YOU DO) A baseball player with a mass of 80 kg runs at a velocity of 6 m/s. Calculate his

momentum.

Q6 (YOU DO) A rocket with a mass of 5000 kg is launched at a velocity of 1000 ms.

Calculate its momentum.

Momentum (p) = 5000 kg x 1000 m/s

,000,000 kg:m/s
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Calculate mass in the following scenarios:
Q1 A car with a velocity of 20 my/s has a momentum of 4000 kg:my/s. Calculate ts mass.
Equation: p = m x v

Substitute values: 4000

x20

Solve for mass: 4000 £ 20

00kg
2(100) Atenisball s served at a velocity of 30 m/s and has a momentum of 300 kg:my/s.
Calculate its mass.

Equation
“ Substituting the values, we get: 300 kg /s = mx 30 m/s

Solving for mass (m): m = 300 kem/s + 30 m/s = 10 ke

Substitute values:

Solve for mass:

Q3 (WE DO) An airplane traveling at a velocity of 200 m/s has a momentum of 500,000
kemy/s. Calculate i

Equation:

Substituting the values, we get: 500,000 kg:m/s = m x 200 m/s
Substitute values: Solving for mass (m): m = 500,000 ke:m/s + 200 m/s = 2500 ke

Solve for mass

Q4 (YOU DO) A bullet has a velocity of 500 m/s and has a momentum of 100 kg:m/s.
Calculate its mass.

Equation: Substituting the values, we get: 100 kg:m/s = m x 500 m/s
Solving for mass (m): m = 100 kg5 + 500 m/s = 0.2 kg

Substitute values:

Solve for mass:
Q5(YOU DO) A soccer ball with a velocity of 10 m/s has a momenturm of 20 kg:m)/s.
Calculate its mass.

Substituting the values, we get: 20 kgm/s =m x 10 m/s
Solving for mass (m): m = 20 kg:m/s = 10 m/s =2 ke,

6 (YOU D) A cyclst moving at a velocity of 15 mys has a momentum of 300 ke:m/s.
Calculate their mass.

Substituting the values, we get: 300 kg:m/s =m x 15 m/s
Solving for mass (m): m = 300 ke:m/s + 15 m/s = 20 ke





