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	DIN 1  Lesson 1: Monoclonal Antibodies
10 questions  |  Complete in silence  |  Under 7 minutes
📌 Recall: Prior KS4 biology — immune system, pathogens, vaccination, antibodies

	1.  Antibodies are proteins produced by white blood cells called lymphocytes.
	True   /   False

	2.  What is an antigen?
A) A protein that destroys pathogens     B) A molecule on the surface of a cell that triggers an immune response     C) A type of white blood cell     D) A chemical produced during infection
	A  /  B  /  C  /  D

	3.  Name the type of white blood cell that produces antibodies.
	Answer:


	4.  Vaccination introduces dead or weakened pathogens to stimulate the immune system.
	True   /   False

	5.  Which cell type is fused with a lymphocyte to create a hybridoma cell?
A) Red blood cell     B) Tumour / cancer cell     C) Platelet     D) Phagocyte
	A  /  B  /  C  /  D

	6.  What is the function of memory cells after a vaccination?
	Answer:


	7.  Monoclonal antibodies are all identical and target the same specific antigen.
	True   /   False

	8.  Why can a specific monoclonal antibody only bind to one type of antigen?
A) It is the same size as the antigen     B) Its shape is complementary to the specific antigen     C) It is attracted by an electric charge     D) It is made from the same material as the antigen
	A  /  B  /  C  /  D

	9.  State one use of monoclonal antibodies in medicine.
	Answer:


	10.  Phagocytes engulf and digest pathogens — this is called phagocytosis.
	True   /   False

	Score:  _____ / 10
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	AQA GCSE Biology — Re-teach
Monoclonal Antibodies — Preventing Rejection
	Name: ________________________________
Class: ____________   Date: ___________



	🔤  3 KEY SPELLINGS FOR THIS LESSON

	complementary
com-ple-MEN-ta-ry
Having a shape that fits exactly to another structure, like a lock and key (not "complimentary").
Practice: _____________________________
         _____________________________
	hybridoma
hy-bri-DO-ma
A cell produced by fusing a lymphocyte with a tumour cell; it divides rapidly and produces identical monoclonal antibodies.
Practice: _____________________________
         _____________________________
	antigen
AN-ti-gen
A molecule (often a protein) on the surface of a cell that can trigger an immune response.
Practice: _____________________________
         _____________________________



	📚  KEYWORD BANK

	KEY TERM
	DEFINITION  (AQA mark scheme language)

	Monoclonal antibody  [Tier 3]
	Identical antibodies produced from a single clone of cells; all bind to the same specific antigen.

	Hybridoma cell  [Tier 3]
	Cell formed by fusing a lymphocyte (antibody-producing) with a tumour cell; can divide indefinitely and produce large quantities of a specific antibody.

	Lymphocyte  [Tier 3]
	Type of white blood cell that produces antibodies; B-lymphocytes produce antibodies specific to one antigen.

	Complementary  [Tier 2]
	Describes the relationship between an antibody's binding site and its specific antigen — the shapes match precisely.

	Rejection  [Tier 2]
	When the immune system identifies transplanted tissue as foreign and mounts an immune response against it.

	Antigen  [Tier 3]
	A molecule on a cell surface that triggers an immune response; each cell type has unique antigens.







	🏫  I DO — Watch, listen and annotate

	Learning Objectives
1. Explain how monoclonal antibodies prevent organ rejection after transplant.
2. Describe how the shape of a monoclonal antibody relates to its function.
3. Use mark scheme language: complementary, antigen, bind, lymphocyte.



	Step 1 The problem
	After a transplant, the patient's immune system recognises foreign antigens on the donor organ. White blood cells (lymphocytes) produce antibodies that bind to these antigens, triggering an immune response that destroys the transplanted organ.
📌 Examiner tip 2025: Students must name "antigens on liver/donor cells" specifically — vague reference to "foreign cells" alone does not score.

	Step 2 The solution
	Monoclonal antibodies that are specific (complementary in shape) to the antigens on liver cells are given to the patient. These monoclonal antibodies bind to the liver cell antigens first, blocking the patient's own antibodies from binding.
📌 Key mark scheme language: "monoclonal antibodies bind to (liver) antigens / cells" — must specify the antigens on the organ being protected.

	Step 3 Why it works
	Because the monoclonal antibodies are complementary to the liver cell antigen, the patient's own immune system antibodies (produced by lymphocytes) cannot bind to the liver antigens. Without binding, the immune system cannot identify and destroy the transplanted organ.
📌 AQA 2025 MS: ALLOW "description of complementarity". DO NOT ACCEPT "because monoclonal antibodies are the same shape as the liver antigen" — must say COMPLEMENTARY.



	⚠️  MISCONCEPTION CHECK
Misconception 1: Many students wrote "monoclonal antibodies destroy the immune system." Wrong — they BLOCK antibody binding, they do not destroy anything.



	⚠️  MISCONCEPTION CHECK
Misconception 2: Students confused "complementary" with "same shape." AQA 2022: "Many omitted to reference the idea that the shapes of the antibody and antigen were complementary, rather than just giving the key word 'specific'."



	⚠️  MISCONCEPTION CHECK
Misconception 3: Students said "antibodies released by phagocytes cannot bind" — phagocytes do NOT release antibodies. Only lymphocytes produce antibodies.



	📝  EXAM LANGUAGE COACH — AQA mark scheme wording
✅ ACCEPT: "monoclonal antibodies bind to (liver) antigens / cells"
✅ ACCEPT: "allow description of complementarity"
✅ ACCEPT: "(so) phagocytes are unable to identify / detect cells to engulf"
❌ DO NOT ACCEPT: "because monoclonal antibodies are the same shape as (liver) antigen" — must state COMPLEMENTARY
❌ DO NOT ACCEPT: "(so) antibodies released by phagocytes cannot bind to liver antigens" — phagocytes do not release antibodies
❌ IGNORE: reference to specificity alone (must also explain complementarity)



	🤝  WE DO — Collaborative practice with scaffolding

	Task 1: Task 1 — Gap fill: How monoclonal antibodies prevent rejection

	Word Bank:
	complementary   ·   antigens   ·   lymphocytes   ·   bind   ·   hybridoma   ·   antigen


Use the word bank to complete the sentences. Each word may be used once.
	Step 1:
	The patient's donor organ has __________ on the surface of its cells that the immune system recognises as foreign.

	Step 2:
	Normally, the patient's __________ would produce antibodies to attack these foreign cells.

	Step 3:
	Monoclonal antibodies are made that are __________ in shape to the liver cell antigen.

	Step 4:
	These monoclonal antibodies __________ to the liver cell antigens first, blocking the patient's own antibodies.

	Step 5:
	The immune system cannot identify the organ as foreign, so __________ is prevented.



	Task 2: Task 2 — Guided writing: Explain why a monoclonal antibody for liver cells would NOT prevent rejection of a kidney transplant

	1. Why would liver-specific monoclonal antibodies NOT work to protect a kidney transplant? Use your knowledge of antigen specificity.
	Think: each organ has __________ antigens. A monoclonal antibody is __________ to ONE specific antigen...

	
	

	2. A patient receives a liver transplant and is given monoclonal antibodies. Explain the role of the monoclonal antibodies in preventing rejection. [3 marks]
	Structure your answer: (1) The monoclonal antibodies are complementary to... (2) They bind to... (3) So the patient's own antibodies cannot...



	✏️  YOU DO — Independent work (support fading)

	SUCCESS CRITERIA

	🔵  Developing
	🟢  Secure
	🟣  Extending

	Can state that monoclonal antibodies bind to antigens on donor cells.
	Can explain using "complementary" how monoclonal antibodies prevent the patient's immune system from rejecting the transplant.
	Can apply the mechanism to a novel organ/tissue transplant context, explaining why organ-specific monoclonal antibodies are required.

	Achieved? □
	Achieved? □
	Achieved? □



	Q1. Q1: A patient receives a liver transplant. Explain how monoclonal antibodies in a drug prevent the liver from being rejected.  📎 Full scaffold
Sentence frame: Sentence frame: The monoclonal antibodies are __________ in shape to the __________ on the liver cells. They bind to the __________ first, so the patient's own __________ cannot bind. Therefore the immune system cannot __________ the transplanted organ.

	

	



	Q2. Q2 [Different context]: A patient receives a skin graft. The immune system begins to attack the graft. Explain how a drug containing monoclonal antibodies specific to skin cell antigens could prevent this rejection.  📎 Partial scaffold — different context
Sentence frame: Starting point: The skin cells have antigens on their surface. The monoclonal antibodies in the drug are complementary to...

	

	



	Q3. Q3: A scientist is developing a monoclonal antibody drug to prevent rejection of a heart transplant. Suggest why monoclonal antibodies designed for liver transplants would be ineffective for heart transplants.  📎 No scaffold — exam conditions

	

	

	




	📋  AQA-style Exam Questions

	1. Drugs can be used to reduce the risk of liver rejection after a transplant. One drug contains monoclonal antibodies. The monoclonal antibodies are specific to an antigen on the surface of liver cells. Explain how the drug prevents rejection of the transplanted liver. [3 marks]  (AQA June 2025, Q07.5)
	[3 marks]

	

	

	

	

	



	2. Monoclonal antibodies can be used to treat some cancers. The monoclonal antibody is attached to a radioactive substance. Describe how this treatment targets and destroys cancer cells. [3 marks]  (AQA June 2019, Q08.8)
	[3 marks]

	

	

	

	

	




	📝  FEEDBACK & IMPROVEMENT

	⭐ What Went Well (WWW)
	🎯 Even Better If (EBI)
	✏️ My Improvement Response

	
	
	

	
	
	

	
	
	



	🚪  EXIT TICKET — Complete before leaving
Three quick recall questions — no notes.

	1.  What type of cell is fused with a tumour cell to make a hybridoma?
	

	2.  Why must monoclonal antibodies be complementary (not just specific) to the antigen?
	

	3.  Give one reason why a monoclonal antibody for liver cells cannot prevent kidney rejection.
	




	DIN 2  Lesson 2: Red Blood Cells & Exercise
10 questions  |  Complete in silence  |  Under 7 minutes
📌 Recall: Lesson 1 (monoclonal antibodies) + prior KS4: circulatory system, haemoglobin, respiration

	1.  [L1] Monoclonal antibodies are complementary in shape to their specific antigen.
	True   /   False

	2.  [L1] Why do liver-specific monoclonal antibodies prevent transplant rejection?
A) They destroy the patient's lymphocytes     B) They bind to liver cell antigens so the patient's own antibodies cannot     C) They increase the number of memory cells     D) They stimulate production of more antigens
	A  /  B  /  C  /  D

	3.  [L1] State one medical use of monoclonal antibodies other than preventing rejection.
	Answer:


	4.  Red blood cells contain haemoglobin, which carries oxygen around the body.
	True   /   False

	5.  During vigorous exercise, the heart rate increases. What is the main reason for this?
A) To cool the body down     B) To supply muscles with more oxygenated blood     C) To remove lactic acid from the brain     D) To increase digestion rate
	A  /  B  /  C  /  D

	6.  Name the molecule in red blood cells that combines with oxygen.
	Answer:


	7.  Anaerobic respiration in muscle cells produces lactic acid.
	True   /   False

	8.  What happens to lactic acid produced during anaerobic respiration?
A) It is breathed out through the lungs     B) It is transported to the liver where it is converted back to glucose     C) It is stored in the kidneys     D) It is broken down immediately in muscle cells
	A  /  B  /  C  /  D

	9.  Explain what is meant by "oxygen debt" after exercise.
	Answer:


	10.  A higher concentration of haemoglobin allows more oxygen to be carried to respiring muscles.
	True   /   False

	Score:  _____ / 10
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	AQA GCSE Biology — Re-teach
Circulatory System — Red Blood Cells & Exercise
	Name: ________________________________
Class: ____________   Date: ___________



	🔤  3 KEY SPELLINGS FOR THIS LESSON

	haemoglobin
hee-mo-GLO-bin
The red pigment protein in red blood cells that carries oxygen; forms oxyhaemoglobin when combined with oxygen.
Practice: _____________________________
         _____________________________
	oxyhaemoglobin
ox-ee-hee-mo-GLO-bin
The bright red compound formed when haemoglobin binds with oxygen in the lungs; releases oxygen to respiring tissues.
Practice: _____________________________
         _____________________________
	oxygen debt
OX-y-gen  debt
The amount of extra oxygen needed after exercise to react with accumulated lactic acid and remove it from cells.
Practice: _____________________________
         _____________________________



	📚  KEYWORD BANK

	KEY TERM
	DEFINITION  (AQA mark scheme language)

	Haemoglobin  [Tier 3]
	Iron-containing protein in red blood cells that carries oxygen; each molecule can carry 4 oxygen molecules.

	Oxyhaemoglobin  [Tier 3]
	Compound formed when haemoglobin binds to oxygen (in lungs); releases oxygen to muscles/tissues.

	Oxygen debt  [Tier 3]
	(HT) Extra oxygen needed after exercise to oxidise accumulated lactic acid; repaid by continued faster breathing after exercise stops.

	Aerobic respiration  [Tier 3]
	Glucose + oxygen → carbon dioxide + water + energy (ATP); occurs mainly in mitochondria.

	Lactic acid  [Tier 3]
	Waste product of anaerobic respiration in muscles; causes muscle fatigue; transported to liver for conversion to glucose.

	Cardiac output  [Tier 3]
	Volume of blood pumped by the heart per minute; increases during exercise to supply more oxygen to muscles.




	🏫  I DO — Watch, listen and annotate

	Learning Objectives
1. Explain how more haemoglobin improves exercise performance.
2. Explain oxygen debt and recovery after exercise using correct mark scheme language.
3. Distinguish aerobic from anaerobic respiration in the context of exercise.



	Step 1 Haemoglobin & oxygen
	Red blood cells contain haemoglobin. More haemoglobin means more oxygen can be carried per unit of blood. During exercise, more oxygen is delivered to muscle cells, allowing more aerobic respiration, so more energy is released for muscle contraction.
📌 AQA 2025 MS: ALLOW "more oxyhaemoglobin is formed". DO NOT ACCEPT "energy produced/made/created" — must say "energy released" or "energy transferred".

	Step 2 Anaerobic & lactic acid
	If oxygen supply cannot meet demand, muscles switch to anaerobic respiration: glucose → lactic acid (+ small amount of energy). Lactic acid builds up, causing muscle fatigue. The athlete must slow down or stop. After exercise, lactic acid is transported by the blood to the liver, where it is converted back to glucose.
📌 AQA 2023 MS: Pairs of marks: "muscle fatigue / oxygen debt occurs" paired with "caused by (build-up of) lactic acid" — must give the reason, not just the effect.

	Step 3 Oxygen debt
	(HT) Oxygen debt is the amount of extra oxygen the body needs after exercise to react with accumulated lactic acid. This is why breathing rate and heart rate remain elevated after exercise stops — the body is repaying the oxygen debt by continuing to supply oxygen to the liver to break down lactic acid.
📌 AQA 2025 MS: ALLOW "so more oxygen is required to oxidise / remove / break down lactic acid". IGNORE "oxygen is used to convert lactic acid back to glucose in the liver" — conversion to glucose is the liver's role, but oxygen oxidises lactic acid.



	⚠️  MISCONCEPTION CHECK
Misconception 1: Students wrote "more haemoglobin means more energy produced." AQA 2018 mark scheme: DO NOT ACCEPT "energy produced/made/created" — must say "energy released."



	⚠️  MISCONCEPTION CHECK
Misconception 2: Students wrote only the effect (muscle fatigue) without giving the cause (lactic acid build-up). AQA 2023: marks are awarded in pairs — effect AND reason both needed.



	⚠️  MISCONCEPTION CHECK
Misconception 3: Many students said breathing stays fast after exercise "to cool down." Wrong — it is to supply oxygen to repay the oxygen debt by oxidising lactic acid.



	📝  EXAM LANGUAGE COACH — AQA mark scheme wording
✅ ACCEPT: "more haemoglobin so more oxygen (carried / bound)"
✅ ACCEPT: "more aerobic respiration to transfer / release (more) energy"
✅ ACCEPT: "less anaerobic respiration which transfers / releases less energy"
✅ ACCEPT: "muscle fatigue" paired with "caused by (build-up of) lactic acid"
✅ ALLOW: "muscle ache / cramp / tiredness / pain"
❌ DO NOT ACCEPT: "energy produced / made / created" — must be "released" or "transferred"
❌ DO NOT ACCEPT: "(athlete can do) more anaerobic respiration" as a benefit



	🤝  WE DO — Collaborative practice with scaffolding

	Task 1: Task 1 — Gap fill: Effects of increased haemoglobin on exercise performance

	Word Bank:
	lactic acid   ·   aerobic   ·   oxygen debt   ·   haemoglobin   ·   fatigue   ·   released   ·   liver


Complete the passage using the words in the word bank.
	More haemoglobin:
	More __________ in red blood cells means more oxygen can be carried to the muscles.

	During exercise:
	This allows more __________ respiration, so more energy is __________ for muscle contraction.

	If O₂ runs out:
	Anaerobic respiration produces __________, which builds up and causes muscle __________.

	Recovery:
	The body has an __________ — extra oxygen is needed to oxidise the lactic acid.

	Lactic acid:
	Lactic acid is transported by blood to the __________, where it is converted back to glucose.




	Task 2: Task 2 — Guided question: Explain why a trained athlete recovers faster after intense exercise than an untrained person

	1. A trained athlete has a higher concentration of haemoglobin than an untrained person. Explain why this helps the athlete recover more quickly after intense exercise. [3 marks]
	Think about: haemoglobin → oxygen carried → respiration type → lactic acid production → oxygen debt size.

	
	

	2. After a 400 m race, an athlete continues to breathe rapidly for several minutes. Explain why. [2 marks]
	Key terms to include: oxygen debt, lactic acid, liver...

	
	



	✏️  YOU DO — Independent work (support fading)

	SUCCESS CRITERIA

	🔵  Developing
	🟢  Secure
	🟣  Extending

	Can state that more haemoglobin means more oxygen is carried to muscles.
	Can explain the link: more haemoglobin → more aerobic respiration → more energy released → better performance; and explain oxygen debt.
	Can apply knowledge of haemoglobin, aerobic/anaerobic respiration and oxygen debt to an unfamiliar exercise scenario.

	Achieved? □
	Achieved? □
	Achieved? □



	Q1. Q1: A person with more haemoglobin in their red blood cells performs better in endurance exercise. Explain why.  📎 Full scaffold
Sentence frame: More haemoglobin means more __________ can be carried. This allows more __________ respiration in muscles, so more energy is __________ . Less __________ is produced, so there is less muscle __________.

	

	



	Q2. Q2 [Different context]: A deep-sea diver holds their breath underwater. After surfacing, their breathing rate remains elevated for several minutes. Explain why, using your knowledge of oxygen debt.  📎 Partial scaffold — different context
Sentence frame: During the dive, muscles relied on __________ respiration, producing __________. After surfacing, extra __________ is needed to...

	

	



	Q3. Q3: Altitude training increases an athlete's haemoglobin concentration. Explain, in detail, how this improves their performance in a 10 km race.  📎 No scaffold — exam conditions

	

	

	




	📋  AQA-style Exam Questions

	1. An athlete trains at high altitude where there is less oxygen. After returning to sea level, the athlete has a higher concentration of haemoglobin in their blood. Explain how this higher concentration of haemoglobin improves performance in a race. [2 marks]  (AQA June 2025, Q05.8)
	[2 marks]

	

	

	

	






	2. After a sprint race, an athlete continues to breathe deeply. The athlete has an oxygen debt. Explain why the athlete has an oxygen debt after the race. [2 marks]  (AQA June 2025, Q05.7)
	[2 marks]

	

	

	

	




	📝  FEEDBACK & IMPROVEMENT

	⭐ What Went Well (WWW)
	🎯 Even Better If (EBI)
	✏️ My Improvement Response

	
	
	

	
	
	

	
	
	



	🚪  EXIT TICKET — Complete before leaving
Three quick recall questions — no notes.

	1.  What molecule in red blood cells carries oxygen?
	

	2.  What is produced by anaerobic respiration in muscles that causes fatigue?
	

	3.  Define "oxygen debt."
	




	DIN 3  Lesson 3: Bacteria — Estimating Count
10 questions  |  Complete in silence  |  Under 7 minutes
📌 Recall: Lessons 1–2 + prior KS4: bacterial cells, aseptic technique, standard form

	1.  [L2] Lactic acid is produced during anaerobic respiration in muscle cells.
	True   /   False

	2.  [L2] After intense exercise, breathing rate stays high. What is the main reason?
A) To cool the body down     B) To supply oxygen to oxidise accumulated lactic acid in the liver     C) To increase heart rate further     D) To remove carbon dioxide from the lungs
	A  /  B  /  C  /  D

	3.  [L2] Explain what "oxygen debt" means.
	Answer:


	4.  [L1] Monoclonal antibodies are complementary in shape to a specific antigen.
	True   /   False

	5.  [L1] A hybridoma cell is formed by fusing a lymphocyte with a __________.
A) red blood cell     B) platelet     C) tumour / cancer cell     D) phagocyte
	A  /  B  /  C  /  D

	6.  Bacterial cells do not have a nucleus — their DNA is in the cytoplasm.
	True   /   False

	7.  Which of the following is found in a bacterial cell but NOT in an animal cell?
A) Mitochondria     B) Cell wall and plasmid DNA     C) Nucleus and ribosomes     D) Cell membrane and cytoplasm
	A  /  B  /  C  /  D

	8.  State the name of the technique used in microbiology to prevent contamination of cultures.
	Answer:


	9.  Standard form is used to express very large or very small numbers (e.g. 1.5 × 10⁶).
	True   /   False

	10.  A bacterial colony count gives 250 colonies on a plate diluted 1 in 1000. What is the estimated number of bacteria per cm³ in the original sample?
A) 250     B) 25 000     C) 250 000     D) 2 500 000
	A  /  B  /  C  /  D

	Score:  _____ / 10
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	AQA GCSE Biology — Re-teach
Bacteria — Estimating Population Count
	Name: ________________________________
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	🔤  3 KEY SPELLINGS FOR THIS LESSON

	dilution
dy-LOO-shun
The process of reducing the concentration of a solution by adding solvent (e.g. water). Serial dilution produces a range of concentrations.
Practice: _____________________________
         _____________________________
	aseptic
ay-SEP-tik
Free from living micro-organisms; aseptic technique prevents contamination of bacterial cultures.
Practice: _____________________________
         _____________________________
	viable
VY-a-bul
Capable of living and growing; a viable bacterial count estimates the number of live bacteria.
Practice: _____________________________
         _____________________________



	📚  KEYWORD BANK

	KEY TERM
	DEFINITION  (AQA mark scheme language)

	Serial dilution  [Tier 3]
	Step-by-step dilution of a sample to reduce concentration; each step typically dilutes by a factor of 10.

	Colony  [Tier 2]
	A visible cluster of bacteria grown from a single bacterium on an agar plate; counted to estimate population size.

	Dilution factor  [Tier 3]
	The total ratio by which a sample has been diluted, e.g. 1:1000 means the sample is 1000 times less concentrated.

	Aseptic technique  [Tier 3]
	Practical procedures to prevent contamination: flame inoculating loops, work near a Bunsen flame, use sterile agar.

	Standard form  [Tier 2]
	A way of writing very large/small numbers, e.g. 2.5 × 10⁸; essential for expressing bacterial population sizes.

	CFU  [Tier 3]
	Colony Forming Unit — each colony on an agar plate is assumed to have originated from one bacterium; used to estimate viable cell counts.






	🏫  I DO — Watch, listen and annotate

	Learning Objectives
1. Describe the method for estimating bacterial population using serial dilution and colony counting.
2. Calculate the estimated number of bacteria in an original sample from a colony count and dilution factor.
3. Explain why serial dilution is necessary and the importance of aseptic technique.



	Step 1 Serial dilution
	Prepare a series of dilutions. Take 1 cm³ of the original bacterial suspension and add it to 9 cm³ of sterile water — this gives a 1:10 (×10⁻¹) dilution. Repeat using 1 cm³ from that tube into another 9 cm³ — giving 1:100 (×10⁻²). Continue to get 1:1000, 1:10 000 etc. Each tube is 10× more dilute than the previous.

	Step 2 Plating & counting
	Using aseptic technique, spread 0.1 cm³ (or 1 cm³) from a dilution tube onto an agar plate. Incubate at 25°C (in schools — not 37°C, to avoid culturing human pathogens). After incubation, count the number of colonies visible on the plate. Use plates showing 30–300 colonies for the most reliable count.
📌 Examiner note: School incubation at 25°C not 37°C — if a student gives 37°C in an aseptic technique question, this gains no credit for safety reasons.

	Step 3 Calculation
	Estimated bacteria per cm³ = (number of colonies) ÷ (volume plated in cm³) × (dilution factor). Example: 180 colonies on a plate, dilution 1:10 000 (dilution factor = 10 000), volume plated = 0.1 cm³. Calculation: 180 ÷ 0.1 × 10 000 = 18 000 000 = 1.8 × 10⁷ bacteria per cm³.
📌 AQA standard form required. Show working in three clear steps: (1) colonies ÷ volume, (2) × dilution factor, (3) convert to standard form.



	⚠️  MISCONCEPTION CHECK
Misconception 1: Students multiplied the number of colonies by the dilution factor without dividing by the volume plated — always divide by volume first if volume ≠ 1 cm³.



	⚠️  MISCONCEPTION CHECK
Misconception 2: Many students did not convert their answer to standard form — AQA mark schemes for this type of question require standard form for final mark.



	⚠️  MISCONCEPTION CHECK
Misconception 3: Students chose incubation at 37°C (body temperature). At GCSE, 25°C is used in school labs to prevent growth of potentially dangerous human pathogens.



	📝  EXAM LANGUAGE COACH — AQA mark scheme wording
✅ ACCEPT: correct calculation showing working: colonies ÷ volume plated × dilution factor
✅ ACCEPT: answer in standard form with correct units (bacteria per cm³ or per ml)
❌ DO NOT ACCEPT: 37°C as incubation temperature in school context — 25°C is required
❌ INSUFFICIENT: colony count alone without applying dilution factor



	🤝  WE DO — Collaborative practice with scaffolding

	Task 1: Task 1 — Worked calculation: Estimating bacterial count

	Word Bank:
	colonies   ·   dilution factor   ·   volume   ·   standard form   ·   10 000   ·   0.1


A student spreads 0.1 cm³ from a 1:10 000 dilution onto an agar plate. After incubation, 240 colonies are counted. Calculate the estimated number of bacteria per cm³ in the original sample.
	Step 1: Divide colonies by volume plated
	240 ÷ 0.1 = __________

	Step 2: Multiply by dilution factor
	__________ × 10 000 = __________

	Step 3: Write in standard form
	__________ = __________ × 10__ bacteria per cm³



	Task 2: Task 2 — Aseptic technique: explain the purpose of each step

	1. A microbiologist passes the neck of a flask through a Bunsen flame before opening it. Explain why. [1 mark]
	Think: what could enter the flask from the air?

	
	

	2. In a school investigation, bacteria are incubated at 25°C rather than 37°C. Explain why. [1 mark]
	What might grow at 37°C that would be dangerous?

	
	



	✏️  YOU DO — Independent work (support fading)

	SUCCESS CRITERIA

	🔵  Developing
	🟢  Secure
	🟣  Extending

	Can recall that colony count × dilution factor estimates bacterial numbers.
	Can correctly perform the three-step calculation and express the answer in standard form.
	Can evaluate sources of error in the method and suggest improvements to increase reliability.

	Achieved? □
	Achieved? □
	Achieved? □



	Q1. Q1: A student counts 150 colonies on a plate spread with 0.1 cm³ from a 1:1000 dilution. Calculate the estimated number of bacteria per cm³ in the original sample. Give your answer in standard form.  📎 Full scaffold
Sentence frame: Step 1: 150 ÷ __________ = __________. Step 2: __________ × 1000 = __________. Step 3: Write in standard form: __________ × 10__.

	

	



	Q2. Q2 [Different context — virus plaque assay]: A student counts 80 plaques (clear zones) on a plate after adding 0.1 cm³ of a 1:100 000 dilution of a virus suspension. Calculate the estimated number of virus particles per cm³. Give your answer in standard form.  📎 Partial scaffold — different context
Sentence frame: Use the same method: plaques ÷ volume plated × dilution factor...

	

	



	Q3. Q3: A student obtains very different colony counts on replicate plates from the same dilution. Suggest two reasons why the results may differ and explain how the reliability of the estimate could be improved.  📎 No scaffold — exam conditions

	

	

	




	📋  AQA-style Exam Questions

	1. A student uses serial dilution to estimate the number of bacteria in a sample of milk. The student counts 235 colonies on a plate spread with 0.1 cm³ from a 1 in 10 000 dilution. Calculate the estimated number of bacteria per cm³ in the original milk sample. Give your answer in standard form. [4 marks]  (adapted from AQA June 2025, Q08.4)
	[4 marks]

	

	

	

	

	



	2. Describe the aseptic technique a student should use when preparing agar plates for a bacterial investigation. [3 marks]  (adapted from AQA past papers)
	[3 marks]

	

	

	

	

	




	📝  FEEDBACK & IMPROVEMENT

	⭐ What Went Well (WWW)
	🎯 Even Better If (EBI)
	✏️ My Improvement Response

	
	
	

	
	
	

	
	
	



	🚪  EXIT TICKET — Complete before leaving
Three quick recall questions — no notes.

	1.  In serial dilution, if you add 1 cm³ to 9 cm³, what is the dilution factor of that step?
	

	2.  Why are school bacterial cultures incubated at 25°C and not 37°C?
	

	3.  Write 18 000 000 in standard form.
	




	DIN 4  Lesson 4: Gas Exchange — Gill Adaptations
10 questions  |  Complete in silence  |  Under 7 minutes
📌 Recall: Lessons 1–3 + prior KS4: diffusion, surface area, concentration gradient, alveoli

	1.  [L3] In a serial dilution, adding 1 cm³ to 9 cm³ of water gives a 1:10 dilution.
	True   /   False

	2.  [L3] Why is 25°C (not 37°C) used to incubate bacteria in school labs?
A) Bacteria grow faster at 25°C     B) 37°C could allow growth of human pathogens which is unsafe     C) 25°C produces larger colonies     D) 37°C destroys agar plates
	A  /  B  /  C  /  D

	3.  [L3] A student counts 300 colonies from 0.1 cm³ of a 1:1000 dilution. Calculate bacteria per cm³ (standard form).
	Answer:


	4.  [L2] Oxygen debt is the extra oxygen needed after exercise to oxidise accumulated lactic acid.
	True   /   False

	5.  [L2] A higher haemoglobin concentration improves exercise performance because:
A) it reduces lactic acid production directly     B) more oxygen is carried, allowing more aerobic respiration and more energy released     C) it increases carbon dioxide removal     D) it decreases heart rate during exercise
	A  /  B  /  C  /  D

	6.  Diffusion is the movement of particles from a region of high concentration to a region of low concentration.
	True   /   False

	7.  Which feature of alveoli increases the rate of gas exchange?
A) Thick walls and good blood supply     B) Large surface area, thin walls, and good blood supply     C) Moist lining and thick walls     D) Small surface area and many capillaries
	A  /  B  /  C  /  D

	8.  Define "diffusion" in one sentence.
	Answer:


	9.  A steep concentration gradient increases the rate of diffusion.
	True   /   False

	10.  Which gas is at a higher concentration in the blood arriving at the alveoli compared to the air in the alveoli?
A) Oxygen     B) Nitrogen     C) Carbon dioxide     D) Water vapour
	A  /  B  /  C  /  D

	Score:  _____ / 10
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	AQA GCSE Biology — Re-teach
Gas Exchange — Gill Adaptations
	Name: ________________________________
Class: ____________   Date: ___________



	🔤  3 KEY SPELLINGS FOR THIS LESSON

	filament
FIL-a-ment
A thin, flat, finger-like projection on a gill; the site of gas exchange between water and blood.
Practice: _____________________________
         _____________________________
	lamellae
la-MEL-ee
Tiny plate-like folds on gill filaments; increase surface area for gas exchange. Singular: lamella.
Practice: _____________________________
         _____________________________
	countercurrent
COUN-ter-CUR-rent
Flow in opposite directions; in fish gills, water flows opposite to blood, maintaining a concentration gradient along the entire length.
Practice: _____________________________
         _____________________________



	📚  KEYWORD BANK

	KEY TERM
	DEFINITION  (AQA mark scheme language)

	Gill filament  [Tier 3]
	Thin, flat structure in a fish gill with a rich blood supply; site of oxygen diffusion from water to blood.

	Lamellae  [Tier 3]
	(HT) Plate-like folds on gill filaments; greatly increase the surface area for diffusion.

	Countercurrent flow  [Tier 3]
	(HT) Water flows over gills in the opposite direction to blood flow; maintains a concentration gradient along the entire gill, maximising oxygen uptake.

	Concentration gradient  [Tier 3]
	Difference in concentration between two areas; steeper gradient = faster rate of diffusion.

	Surface area  [Tier 2]
	Total area available for exchange; a large surface area increases the rate of diffusion.

	Diffusion  [Tier 3]
	Net movement of particles from high to low concentration down a concentration gradient; requires no energy.





	🏫  I DO — Watch, listen and annotate

	Learning Objectives
1. Explain four gill adaptations that maximise oxygen exchange using AQA mark scheme language.
2. Apply the principles of surface area, thickness, concentration gradient and blood supply to gills.
3. Explain countercurrent flow and why it maintains the concentration gradient.



	Step 1 Surface area & filaments
	Gills have many gill filaments, each covered with thousands of tiny lamellae (plate-like folds). This greatly increases the total surface area available for gas exchange. A large surface area means more oxygen molecules can diffuse from the water into the blood per unit time.
📌 AQA 2025 Q06.2: students must explain HOW each feature maximises exchange — not just list the feature. State the feature AND explain its consequence for the rate of diffusion.

	Step 2 Thin walls & short path
	The gill filaments and lamellae have very thin walls. This means the distance for oxygen to diffuse from the water to the blood is very short, giving a short diffusion pathway. A shorter pathway means diffusion occurs faster.

	Step 3 Blood supply & gradient
	Gills have a rich blood supply (many capillaries running through the filaments). Blood constantly flows through, carrying oxygen away and delivering deoxygenated blood. This maintains a steep concentration gradient between the water (high O₂) and blood (low O₂), so diffusion continues rapidly.
📌 AQA note: "moist lining" is NOT a creditworthy answer to a question about gill adaptations for gas exchange — moisture aids diffusion but is not cited as an adaptation in the mark scheme.

	Step 4 Countercurrent flow (HT)
	(HT) Water flows over the gill filaments in the opposite direction to blood flow. This is called countercurrent flow. Because the flows are opposite, the blood always meets water that is richer in oxygen than itself — so a concentration gradient is maintained along the entire length of the filament, maximising oxygen uptake into the blood.
📌 AQA HT: countercurrent maximises oxygen uptake; parallel flow would reach equilibrium partway along and reduce exchange efficiency.



	⚠️  MISCONCEPTION CHECK
Misconception 1: Students wrote "gills are moist" as an adaptation. AQA 2020 examiner report: "Moist linings is not a creditworthy answer to a question about adaptations for gas exchange."



	⚠️  MISCONCEPTION CHECK
Misconception 2: Students listed the adaptation without explaining WHY it increases exchange. "Large surface area" alone scores 0 — must follow with "so more oxygen can diffuse per unit time."



	⚠️  MISCONCEPTION CHECK
Misconception 3: Many students confused gill filaments and lamellae — lamellae are the folds ON the filaments that increase surface area.



	📝  EXAM LANGUAGE COACH — AQA mark scheme wording
✅ ACCEPT: "large surface area (due to filaments/lamellae) so more oxygen diffuses per unit time"
✅ ACCEPT: "thin walls so short diffusion pathway"
✅ ACCEPT: "rich blood supply maintains concentration gradient"
✅ ACCEPT: "(HT) countercurrent flow maintains concentration gradient along full length"
❌ DO NOT ACCEPT: "moist lining" as an adaptation for gas exchange in gills
❌ INSUFFICIENT: naming the adaptation without explaining its effect on diffusion rate



	🤝  WE DO — Collaborative practice with scaffolding

	Task 1: Task 1 — Matching: Gill adaptations and their explanations

	Word Bank:
	surface area   ·   concentration gradient   ·   diffusion pathway   ·   countercurrent flow


Match each gill feature to the correct explanation of how it maximises gas exchange.
	Many gill filaments covered in lamellae:
	Increases the __________, so more oxygen molecules can diffuse per unit time.

	Very thin walls of filaments:
	Reduces the length of the __________, so diffusion is faster.

	Constant blood flow through capillaries:
	Maintains a steep __________ between water and blood throughout exchange.

	Water flows opposite to blood (HT):
	__________ means gradient is maintained along the whole filament, maximising uptake.



	Task 2: Task 2 — Exam-style comparison question

	1. Compare the adaptations of fish gills for gas exchange with those of alveoli in the human lungs. [4 marks]
	Both share: large surface area, thin walls, good blood supply. Gills also have countercurrent flow. Alveoli also have moist lining.

	
	



	✏️  YOU DO — Independent work (support fading)

	SUCCESS CRITERIA

	🔵  Developing
	🟢  Secure
	🟣  Extending

	Can name two adaptations of gills for gas exchange (e.g. large surface area, thin walls).
	Can explain how four gill adaptations maximise gas exchange using correct AQA language (surface area, diffusion pathway, concentration gradient).
	Can explain countercurrent flow and apply gas exchange principles to an unfamiliar organism.

	Achieved? □
	Achieved? □
	Achieved? □



	Q1. Q1: Explain how gills are adapted to maximise the exchange of oxygen between the water and the blood. [4 marks]  📎 Full scaffold
Sentence frame: Adaptation 1: Many filaments/lamellae → increase __________ → so more __________. Adaptation 2: Thin walls → short __________ → so diffusion is __________. Adaptation 3: Rich blood supply → maintains __________ → so diffusion continues.

	

	



	Q2. Q2 [Different context]: Explain how alveoli in human lungs are adapted for efficient gas exchange. [3 marks]  📎 Partial scaffold — different context
Sentence frame: Name the structure, then explain its effect on diffusion: large surface area... thin walls (one cell thick)... good blood supply...

	

	



	Q3. Q3 (HT): Explain why countercurrent flow in fish gills results in more oxygen being absorbed than if water and blood flowed in the same direction.  📎 No scaffold — exam conditions

	

	

	




	📋  AQA-style Exam Questions

	1. Fish exchange gases through gills. Explain how gills are adapted to maximise the exchange of oxygen between the water and the blood. [4 marks]  (AQA June 2025, Q06.2)
	[4 marks]

	

	

	

	

	

	








	2. Gas exchange happens in the alveoli in the lungs. Describe three features of the alveoli that help maximise gas exchange. [3 marks]  (AQA June 2024, Q02.4)
	[3 marks]

	

	

	

	




	📝  FEEDBACK & IMPROVEMENT

	⭐ What Went Well (WWW)
	🎯 Even Better If (EBI)
	✏️ My Improvement Response

	
	
	

	
	
	

	
	
	



	🚪  EXIT TICKET — Complete before leaving
Three quick recall questions — no notes.

	1.  Name two structures in fish gills that increase surface area for gas exchange.
	

	2.  Why is "moist lining" NOT a creditworthy adaptation for gill gas exchange?
	

	3.  What is countercurrent flow and why does it increase oxygen uptake? (HT)
	




	DIN 5  Lesson 5: Respiration — Metabolic Rate & Exercise
10 questions  |  Complete in silence  |  Under 7 minutes
📌 Recall: Lessons 2–4 + prior KS4: respiration equations, metabolism, cardiac output

	1.  [L4] A large surface area is an adaptation of gill filaments that increases the rate of gas exchange.
	True   /   False

	2.  [L4] Why do gill filaments have very thin walls?
A) To prevent water entering the blood     B) To reduce the diffusion pathway so diffusion is faster     C) To increase the concentration gradient     D) To allow countercurrent flow
	A  /  B  /  C  /  D

	3.  [L4] Explain how countercurrent flow in fish gills maximises oxygen uptake. (HT)
	Answer:


	4.  [L3] 180 colonies on a 0.1 cm³ plate from a 1:10 000 dilution gives 1.8 × 10⁷ bacteria per cm³.
	True   /   False

	5.  [L2] What happens to lactic acid after exercise?
A) It is breathed out via the lungs     B) It is transported to the liver and converted back to glucose     C) It is stored in muscle cells     D) It is absorbed by red blood cells
	A  /  B  /  C  /  D

	6.  The word equation for aerobic respiration is: glucose + oxygen → carbon dioxide + water.
	True   /   False

	7.  What is the balanced symbol equation for aerobic respiration?
A) C₆H₁₂O₆ + O₂ → CO₂ + H₂O     B) 6O₂ + C₆H₁₂O₆ → 6H₂O + 6CO₂     C) C₆H₁₂O₆ → CO₂ + C₂H₅OH     D) O₂ + glucose → lactic acid + energy
	A  /  B  /  C  /  D

	8.  Define "metabolism."
	Answer:


	9.  During exercise, heart rate and breathing rate both increase to supply more oxygen to respiring muscles.
	True   /   False

	10.  Which organ converts lactic acid back to glucose after anaerobic respiration?
A) Kidney     B) Lungs     C) Liver     D) Pancreas
	A  /  B  /  C  /  D

	Score:  _____ / 10
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	AQA GCSE Biology — Re-teach
Respiration — Metabolic Rate During Exercise
	Name: ________________________________
Class: ____________   Date: ___________



	🔤  3 KEY SPELLINGS FOR THIS LESSON

	metabolism
me-TAB-o-liz-um
The sum of all chemical reactions occurring in a cell or the body; includes both building up (anabolic) and breaking down (catabolic) reactions.
Practice: _____________________________
         _____________________________
	metabolic rate
met-a-BOL-ik  rate
The speed at which chemical reactions occur in the body; increases during exercise; influenced by muscle mass and thyroid hormones.
Practice: _____________________________
         _____________________________
	aerobic
air-OH-bik
Requiring oxygen; aerobic respiration uses oxygen to completely oxidise glucose, releasing more energy than anaerobic respiration.
Practice: _____________________________
         _____________________________



	📚  KEYWORD BANK

	KEY TERM
	DEFINITION  (AQA mark scheme language)

	Metabolic rate  [Tier 3]
	The rate at which chemical reactions occur in the body; measured by oxygen consumption or heat production; highest during vigorous exercise.

	Aerobic respiration  [Tier 3]
	Glucose + oxygen → carbon dioxide + water (+ energy); releases maximum energy; occurs in mitochondria.

	Anaerobic respiration  [Tier 3]
	Glucose → lactic acid (+ small amount of energy); no oxygen needed; occurs in cytoplasm; causes oxygen debt.

	Oxygen consumption  [Tier 2]
	The rate at which oxygen is used up by the body; directly proportional to metabolic rate; increases during exercise.

	Lactic acid  [Tier 3]
	Product of anaerobic respiration; builds up in muscles causing fatigue; transported to liver for conversion to glucose.

	Cardiac output  [Tier 3]
	Heart rate × stroke volume; increases during exercise to supply more oxygenated blood to muscles.



	🏫  I DO — Watch, listen and annotate

	Learning Objectives
1. Explain the difference in metabolic rate between swimming and resting using correct AQA language.
2. Describe what happens to respiration type, lactic acid, and oxygen consumption as exercise intensity increases.
3. Use mark scheme language: energy released, lactic acid, muscle fatigue, aerobic/anaerobic.



	Step 1 Resting vs exercising
	At rest, the body performs aerobic respiration at a relatively low rate. The metabolic rate is low. During swimming, muscles require much more energy, so the rate of aerobic respiration increases greatly. Heart rate and breathing rate increase to supply more oxygen and glucose to muscles and remove carbon dioxide.
📌 AQA: "metabolic rate" questions often require students to link oxygen consumption to respiration rate. DO NOT say "energy produced" — always say "energy released" or "energy transferred."

	Step 2 Anaerobic tipping point
	If exercise intensity is very high (e.g. sprint swimming), the cardiovascular system cannot supply oxygen fast enough. Muscles switch to anaerobic respiration: glucose → lactic acid. Less energy is released per glucose molecule. Lactic acid builds up in muscles, causing fatigue and reducing contraction efficiency.
📌 AQA 2024 MS Q02.5: DO NOT ACCEPT "less energy produced/made/created" — must say "less energy released."

	Step 3 Recovery & oxygen debt
	After exercise, the body must repay the oxygen debt. Breathing and heart rate remain elevated after swimming stops. Oxygen is carried to the liver to oxidise the accumulated lactic acid. The higher the intensity of swimming, the larger the oxygen debt, and the longer recovery takes.
📌 AQA 2025 MS Q05.7: ALLOW "so more oxygen is required to oxidise lactic acid." IGNORE reference to conversion of lactic acid back to glucose in the liver when asked about oxygen debt specifically.



	⚠️  MISCONCEPTION CHECK
Misconception 1: Students wrote that "swimming uses more energy produced." AQA explicitly rejects "energy produced/made/created" — must say "energy released" or "energy transferred."



	⚠️  MISCONCEPTION CHECK
Misconception 2: Students said metabolic rate during swimming equals aerobic respiration only. At high intensity, anaerobic respiration also occurs — both types may happen simultaneously.



	⚠️  MISCONCEPTION CHECK
Misconception 3: Many students omitted the connection between oxygen consumption and metabolic rate — examiner expects: more exercise → more aerobic respiration → more oxygen consumed → higher metabolic rate.



	📝  EXAM LANGUAGE COACH — AQA mark scheme wording
✅ ACCEPT: "less (aerobic) respiration → less energy (released) → less muscle contraction"
✅ ACCEPT: "(more) anaerobic respiration → lactic acid produced → muscle fatigue"
✅ ALLOW: "muscle ache / cramp / tiredness / pain" for muscle fatigue
✅ ALLOW: "results in increased breathing rate / depth" or "increased heart rate"
❌ DO NOT ACCEPT: "energy produced / made / created" — must say "released"
❌ DO NOT ACCEPT: "less energy" without specifying the respiration pathway



	🤝  WE DO — Collaborative practice with scaffolding

	Task 1: Task 1 — Gap fill: Changes during swimming vs resting

	Word Bank:
	aerobic   ·   anaerobic   ·   lactic acid   ·   oxygen debt   ·   released   ·   metabolic rate   ·   fatigue


Complete the passage about what happens to respiration during intense swimming.
	At rest:
	The body uses __________ respiration; __________ is low.

	During moderate swimming:
	More __________ respiration occurs; more energy is __________.

	During intense swimming:
	__________ respiration produces __________ when O₂ supply runs out.

	Effect on muscles:
	Lactic acid causes muscle __________, reducing contraction efficiency.

	After swimming:
	The body has an __________ — extra O₂ is needed to remove lactic acid.







	Task 2: Task 2 — Exam-style structured question on metabolic rate

	1. A person's oxygen consumption was measured at rest (0.3 dm³/min) and while swimming (2.4 dm³/min). Explain the difference in oxygen consumption between resting and swimming. [3 marks]
	Link: exercise → more aerobic respiration → more oxygen needed → higher metabolic rate.

	
	

	2. During a very intense swimming race, a swimmer's muscles begin to ache and they slow down. Explain why. [2 marks]
	Which respiration type occurs when O₂ supply is insufficient? What product causes the problem?

	
	



	✏️  YOU DO — Independent work (support fading)

	SUCCESS CRITERIA

	🔵  Developing
	🟢  Secure
	🟣  Extending

	Can state that metabolic rate is higher during swimming than at rest.
	Can explain the chain of reasoning: more exercise → more aerobic respiration → more energy released; and the switch to anaerobic respiration at high intensity.
	Can evaluate data comparing oxygen consumption at different exercise intensities and apply knowledge to calculate or predict metabolic rate changes.

	Achieved? □
	Achieved? □
	Achieved? □



	Q1. Q1: Explain why a person's metabolic rate is higher during swimming than when resting.  📎 Full scaffold
Sentence frame: Swimming requires more __________. This means more __________ respiration occurs, releasing more __________. To support this, heart rate __________ and breathing rate __________ to supply more __________ to muscles.

	

	



	Q2. Q2 [Different context]: A cyclist reduces their speed from 30 km/h to 15 km/h during a long race. Explain the effect this has on lactic acid levels in their muscles.  📎 Partial scaffold — different context
Sentence frame: At lower speed, muscles need less __________, so more __________ can be supplied. Less __________ respiration occurs, so less __________ is produced...

	

	



	Q3. Q3: Table shows oxygen consumption data for a swimmer at rest (0.3 dm³/min), moderate pace (1.5 dm³/min), and sprint pace (3.0 dm³/min). Explain the trend shown and suggest why oxygen consumption does not continue to increase indefinitely at very high intensities.  📎 No scaffold — exam conditions

	

	

	




	📋  AQA-style Exam Questions

	1. A person is resting. Their oxygen consumption is 0.3 dm³ per minute. The person then swims for 30 minutes. The oxygen consumption increases to 2.4 dm³ per minute. Explain the increase in oxygen consumption during swimming. [3 marks]  (adapted from AQA spec)
	[3 marks]

	

	

	

	

	





	2. After a sprint, an athlete's breathing rate stays high. (a) Explain what is meant by "oxygen debt." [2 marks] (b) Suggest why a swimmer who swims at a moderate pace has a smaller oxygen debt after finishing than one who swims at sprint pace. [2 marks]
	[4 marks]

	

	

	

	

	

	




	📝  FEEDBACK & IMPROVEMENT

	⭐ What Went Well (WWW)
	🎯 Even Better If (EBI)
	✏️ My Improvement Response

	
	
	

	
	
	

	
	
	



	🚪  EXIT TICKET — Complete before leaving
Three quick recall questions — no notes.

	1.  Why is "energy produced" not acceptable in AQA answers about respiration?
	

	2.  State the product of anaerobic respiration in human muscle cells.
	

	3.  What happens to lactic acid after exercise — which organ processes it?
	




	DIN 6  Lesson 6: Photosynthesis — Temperature & Enzyme Effect
10 questions  |  Complete in silence  |  Under 7 minutes
📌 Recall: Lessons 3–5 + prior KS4: enzyme structure, active site, limiting factors, photosynthesis equation

	1.  [L5] During intense exercise, anaerobic respiration in muscles produces lactic acid.
	True   /   False

	2.  [L5] Why does swimming at sprint pace result in a larger oxygen debt than moderate pace?
A) Sprint pace uses more oxygen directly     B) More anaerobic respiration occurs, producing more lactic acid that needs more O₂ to oxidise     C) Sprint pace increases haemoglobin production     D) Lactic acid is not produced at moderate pace
	A  /  B  /  C  /  D

	3.  [L5] Explain why oxygen consumption increases during exercise.
	Answer:


	4.  [L4] Gill filaments have thin walls to reduce the diffusion pathway.
	True   /   False

	5.  [L4] Countercurrent flow in fish gills maintains the concentration gradient because:
A) water and blood flow in the same direction     B) blood always meets water richer in oxygen than itself, so gradient is maintained along the full length     C) lactic acid is removed from the blood     D) it reduces the surface area needed
	A  /  B  /  C  /  D

	6.  [L3] Aseptic technique is used to prevent contamination of bacterial cultures.
	True   /   False

	7.  The word equation for photosynthesis is: carbon dioxide + water → glucose + oxygen.
	True   /   False

	8.  Which of the following is a limiting factor of photosynthesis?
A) Oxygen concentration     B) Carbon dioxide concentration     C) Water temperature of the ocean     D) Humidity of the air
	A  /  B  /  C  /  D

	9.  State one use of glucose produced by photosynthesis in plants.
	Answer:


	10.  At high temperatures, enzymes can denature — the active site changes shape so the substrate can no longer fit.
	True   /   False

	Score:  _____ / 10
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	AQA GCSE Biology — Re-teach
Photosynthesis — Temperature & Enzyme Effect
	Name: ________________________________
Class: ____________   Date: ___________



	🔤  3 KEY SPELLINGS FOR THIS LESSON

	chlorophyll
KLOR-o-fill
The green pigment in chloroplasts that absorbs light energy for photosynthesis; mainly absorbs red and blue light.
Practice: _____________________________
         _____________________________
	limiting factor
LIM-it-ing  FAC-tor
A factor that, if increased, would increase the rate of a reaction; the one factor in shortest supply controls the rate.
Practice: _____________________________
         _____________________________
	denature
dee-NAY-ture
Permanent change in the shape of an enzyme's active site (usually due to high temperature or extreme pH), preventing substrate binding.
Practice: _____________________________
         _____________________________



	📚  KEYWORD BANK

	KEY TERM
	DEFINITION  (AQA mark scheme language)

	Limiting factor  [Tier 3]
	(HT) A factor that, if increased, would increase the rate of photosynthesis; whichever factor is in shortest supply limits the rate.

	Chlorophyll  [Tier 3]
	Green photosynthetic pigment in chloroplasts; absorbs light energy; the amount of chlorophyll can itself be a limiting factor.

	Enzyme activity  [Tier 3]
	The rate at which an enzyme catalyses its reaction; increases with temperature up to an optimum, then decreases as the enzyme denatures.

	Denature  [Tier 2]
	Irreversible change in enzyme shape at high temperature or extreme pH; active site shape changes so substrate cannot bind.

	Kinetic energy  [Tier 3]
	Energy of movement of particles; increasing temperature increases kinetic energy, leading to more frequent collisions between enzyme and substrate.

	Plateau  [Tier 2]
	The flat part of a graph where rate stops increasing despite increases in one factor, because another factor has become limiting.



	🏫  I DO — Watch, listen and annotate

	Learning Objectives
1. Explain why increasing temperature increases the rate of photosynthesis up to an optimum.
2. Explain why rate decreases at temperatures above the optimum (enzyme denaturation).
3. Interpret multi-factor graphs: identify the limiting factor at each plateau.



	Step 1 Temperature & enzyme rate
	Increasing temperature increases the kinetic energy of molecules. Enzyme molecules and substrate molecules (CO₂, H₂O) move faster and collide more frequently. This increases the rate of enzyme-catalysed reactions in photosynthesis, so the rate of photosynthesis increases with temperature up to an optimum.
📌 AQA 2024 Q07.8: ALLOW "increases kinetic energy of molecules/particles/substrate." ALLOW "increases frequency of collisions between molecules/particles." ALLOW "increases rate of enzyme activity."

	Step 2 Denaturation above optimum
	Above the optimum temperature (approximately 40–45°C for most plant enzymes), the enzyme begins to denature. High temperatures break the bonds holding the enzyme's shape. The active site changes shape, so the substrate can no longer fit. The rate of photosynthesis decreases sharply and eventually stops.
📌 AQA 2020 Q01.8: ALLOW "enzyme(s) lose the shape of the active site." ALLOW "enzyme(s) (start to) denature." DO NOT ACCEPT "enzyme(s) killed" — enzymes are not alive.

	Step 3 Limiting factor at plateau (HT)
	(HT) On a graph, when the rate of photosynthesis plateaus (stops increasing) despite increasing temperature, another factor is now limiting. This could be CO₂ concentration or light intensity — not enough of that factor is available to allow further rate increase. To identify the limiting factor, consider what has been held constant in the investigation.
📌 AQA 2024 Q07.8 (4th mark point): "all rates plateau at a certain point due to another factor being limiting." DO NOT ACCEPT "all rates plateau due to light being limiting" if light is already shown as a variable in the graph.



	⚠️  MISCONCEPTION CHECK
Misconception 1: Students wrote "enzymes are killed at high temperatures." AQA 2020 mark scheme: DO NOT ACCEPT "enzyme(s) killed." Enzymes are proteins, not living things — they denature.



	⚠️  MISCONCEPTION CHECK
Misconception 2: Students wrote "temperature increases the rate of photosynthesis indefinitely." Must explain the denaturation above the optimum — the graph peaks then decreases.



	⚠️  MISCONCEPTION CHECK
Misconception 3: Many students failed the 4th mark on limiting factor graphs by saying "limited by light" even when light was varied in the experiment — must identify what was held constant.



	📝  EXAM LANGUAGE COACH — AQA mark scheme wording
✅ ACCEPT: "enzyme(s) lose the shape of the active site"
✅ ACCEPT: "enzyme(s) (start to) denature"
✅ ACCEPT: "increases kinetic energy / frequency of collisions" for why temperature increases rate
✅ ACCEPT: "all rates plateau due to another factor being limiting" (e.g. CO₂)
❌ DO NOT ACCEPT: "enzyme(s) killed"
❌ DO NOT ACCEPT: "all rates plateau due to light being limiting" when light is already the variable being changed



	🤝  WE DO — Collaborative practice with scaffolding

	Task 1: Task 1 — Gap fill: Temperature and rate of photosynthesis

	Word Bank:
	kinetic energy   ·   denature   ·   active site   ·   collisions   ·   optimum   ·   limiting factor


Complete the explanation of how temperature affects the rate of photosynthesis.
	As temperature increases to optimum:
	Molecules gain more __________, so they move faster and collide more frequently. This increases the rate of __________ __________, so photosynthesis speeds up.

	At the optimum temperature:
	Enzyme activity is at a maximum. Rate is highest. (CO₂ or light may now be the __________ __________ instead.)

	Above the optimum:
	Enzymes begin to __________. The __________ __________ changes shape permanently. Substrate cannot bind. Rate falls.






	Task 2: Task 2 — Graph interpretation: Limiting factors

	1. A graph shows the rate of photosynthesis against light intensity at two different CO₂ concentrations. At high light intensities, the rate plateaus at a lower level for the low CO₂ line than the high CO₂ line. Identify the limiting factor at the plateau for the low CO₂ line and explain your answer. [2 marks]
	What has been held constant that is in shorter supply at the low CO₂ curve?

	
	

	2. Explain why increasing temperature from 10°C to 40°C increases the rate of photosynthesis, but increasing from 40°C to 60°C decreases the rate. [3 marks]
	Mark 1: kinetic energy / collisions. Mark 2: enzyme activity. Mark 3: denaturation above optimum.

	
	



	✏️  YOU DO — Independent work (support fading)

	SUCCESS CRITERIA

	🔵  Developing
	🟢  Secure
	🟣  Extending

	Can state that enzymes denature at high temperatures, stopping photosynthesis.
	Can explain the full curve: rate increases with temperature (kinetic energy → more collisions) → peaks at optimum → falls (denaturation → active site changes shape).
	Can use limiting factor logic to identify and explain which factor limits rate at different points on a multi-variable photosynthesis graph.

	Achieved? □
	Achieved? □
	Achieved? □



	Q1. Q1: A plant is kept at 10°C and then moved to 30°C. Explain why the rate of photosynthesis increases. [2 marks]  📎 Full scaffold
Sentence frame: Increasing temperature gives molecules more __________. Molecules move __________ and __________ more frequently, so the rate of __________ __________ increases, meaning photosynthesis speeds up.

	

	



	Q2. Q2 [Different context]: A student investigates the effect of temperature on amylase activity. At 60°C, the rate of starch breakdown slows dramatically. Explain why.  📎 Partial scaffold — different context
Sentence frame: At 60°C, amylase begins to __________. The __________ __________ changes shape permanently. Starch (substrate) can no longer __________ to the active site.

	

	



	Q3. Q3 (HT): A graph shows rate of photosynthesis vs temperature at two different CO₂ concentrations (0.04% and 0.1%). At 30°C, the rate on the 0.04% CO₂ curve plateaus, but the 0.1% curve continues to rise. Identify the limiting factor for the 0.04% CO₂ curve at 30°C and explain your reasoning.  📎 No scaffold — exam conditions

	

	

	




	📋  AQA-style Exam Questions

	1. A student investigates the effect of temperature and carbon dioxide concentration on the rate of photosynthesis. Figure 7 shows the results. Explain what the graph shows about the effects of temperature and carbon dioxide on the rate of photosynthesis. [4 marks]  (AQA June 2024, Q07.8)
	[4 marks]

	

	

	

	

	

	



	2. At high temperatures, the rate of photosynthesis decreases. Explain why. [1 mark]  (AQA June 2020, Q01.8)
	[1 mark]

	

	

	




	📝  FEEDBACK & IMPROVEMENT

	⭐ What Went Well (WWW)
	🎯 Even Better If (EBI)
	✏️ My Improvement Response

	
	
	

	
	
	

	
	
	



	🚪  EXIT TICKET — Complete before leaving
Three quick recall questions — no notes.

	1.  Why does increasing temperature increase the rate of photosynthesis up to the optimum?
	

	2.  What happens to an enzyme's active site when it denatures?
	

	3.  What does "limiting factor" mean in the context of photosynthesis? (HT)
	




	DIN 7  Lesson 7: Osmosis — Distilled Water & Concentration
10 questions  |  Complete in silence  |  Under 7 minutes
📌 Recall: Lessons 4–6 + prior KS4: osmosis definition, diffusion, cell structure

	1.  [L6] Enzymes denature at high temperatures because the active site changes shape permanently.
	True   /   False

	2.  [L6] Why does increasing temperature increase the rate of photosynthesis up to the optimum?
A) More chlorophyll is made     B) Molecules gain kinetic energy, move faster and collide more frequently with enzymes     C) More CO₂ is absorbed from the air     D) The active site becomes larger
	A  /  B  /  C  /  D

	3.  [L6] State what is meant by a "limiting factor" of photosynthesis. (HT)
	Answer:


	4.  [L5] Aerobic respiration is: glucose + oxygen → carbon dioxide + water.
	True   /   False

	5.  [L5] An athlete's oxygen consumption is higher during a race than at rest because:
A) aerobic respiration increases to supply more energy for muscle contraction     B) anaerobic respiration decreases     C) haemoglobin concentration falls     D) less CO₂ is produced
	A  /  B  /  C  /  D

	6.  [L4] The thin walls of gill filaments reduce the diffusion pathway, increasing rate of gas exchange.
	True   /   False

	7.  Osmosis is the diffusion of water molecules through a partially permeable membrane.
	True   /   False

	8.  A plant cell is placed in distilled water. In which direction does water move?
A) Out of the cell, because distilled water has no solutes     B) Into the cell, because the cell solution is more concentrated than distilled water     C) There is no net movement     D) Into the cell, because distilled water is less concentrated than the cell
	A  /  B  /  C  /  D

	9.  Define osmosis using the phrase "water potential."
	Answer:


	10.  A cell placed in a more concentrated solution than its contents will lose water by osmosis and shrink (become plasmolysed in plant cells).
	True   /   False

	Score:  _____ / 10
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	AQA GCSE Biology — Re-teach
Osmosis — Distilled Water & Concentration
	Name: ________________________________
Class: ____________   Date: ___________



	🔤  3 KEY SPELLINGS FOR THIS LESSON

	osmosis
oz-MOH-sis
The diffusion of water molecules through a partially permeable membrane from a dilute solution (high water concentration) to a more concentrated solution (low water concentration).
Practice: _____________________________
         _____________________________
	turgid
TUR-jid
Describes a plant cell that has absorbed water by osmosis and is swollen and firm; the cell wall prevents bursting.
Practice: _____________________________
         _____________________________
	plasmolysis
plaz-MOL-y-sis
When a plant cell loses water by osmosis into a more concentrated external solution; the cell membrane pulls away from the cell wall.
Practice: _____________________________
         _____________________________



	📚  KEYWORD BANK

	KEY TERM
	DEFINITION  (AQA mark scheme language)

	Osmosis  [Tier 3]
	Diffusion of water molecules through a partially permeable membrane from a region of high water concentration (dilute) to low water concentration (concentrated).

	Water concentration  [Tier 2]
	The amount of water molecules per unit volume; distilled water has the highest water concentration; a concentrated solution has lower water concentration.

	Partially permeable membrane  [Tier 3]
	A membrane that allows small molecules (e.g. water) to pass through but not larger solute molecules.

	Turgid  [Tier 2]
	A plant cell fully swollen with water; water moves in by osmosis; cell wall resists further expansion and provides structural support.

	Plasmolysed  [Tier 3]
	A plant cell that has lost so much water by osmosis that the cell membrane has pulled away from the cell wall; opposite of turgid.

	Isotonic  [Tier 3]
	Having the same solute/water concentration as another solution; no net movement of water by osmosis.



	🏫  I DO — Watch, listen and annotate

	Learning Objectives
1. Explain why a potato cube placed in distilled water increases in mass (using correct water concentration language).
2. Predict and explain the direction of water movement in different concentration scenarios.
3. Use mark scheme language: water concentration, partially permeable membrane, concentration gradient.



	Step 1 Key concept: water concentration
	Osmosis depends on the WATER concentration gradient — not the solute concentration. Distilled water has the HIGHEST water concentration (no solutes to reduce water concentration). The solution inside a potato cell has dissolved sugars and salts, so it has a LOWER water concentration than distilled water.
📌 AQA 2022 Examiner Report: "If water concentration is not specified, it is assumed that solute concentration is being described and this often results in an incorrect answer." Always say WATER concentration.

	Step 2 Potato in distilled water
	When a potato cube is placed in distilled water: the water concentration inside the potato cells is LOWER (more solutes) than in the distilled water outside. Water molecules diffuse from the distilled water (high water concentration) through the partially permeable cell membrane into the potato cells (lower water concentration). The potato cells become turgid and the mass of the cube increases.
📌 AQA 2025 Q03.2: correct answer = "the solution in the potato cells was MORE concentrated than the distilled water" — this means lower water concentration inside, so water moves in.

	Step 3 Concentrated solution
	If the external solution is MORE concentrated (lower water concentration) than the potato cell contents: water moves OUT of the potato cells by osmosis (from high to low water concentration). The cells become flaccid (limp) or plasmolysed (if plant cells) and the mass of the cube decreases.
📌 AQA 2024 Examiner Report: students confused "percentage change" with "change in mass." Cells that reach equilibrium have the SAME percentage change in mass (not the same mass).



	⚠️  MISCONCEPTION CHECK
Misconception 1: Students wrote "water moves from an area of high concentration to an area of low concentration" without specifying WATER concentration. AQA 2022: this is NOT correct without the word "water" — examiners assume "solute concentration" if unspecified.



	⚠️  MISCONCEPTION CHECK
Misconception 2: Students said a potato cube in distilled water increases mass because "distilled water has more water than the potato." Must explain the GRADIENT: water concentration is higher in distilled water (fewer solutes) than in potato cell cytoplasm.



	⚠️  MISCONCEPTION CHECK
Misconception 3: Many students said that all potato pieces in the same concentration "reach the same mass." Wrong — they reach the same PERCENTAGE CHANGE in mass, not the same absolute mass.



	📝  EXAM LANGUAGE COACH — AQA mark scheme wording
✅ ACCEPT: "water moves from high water concentration (distilled water) to low water concentration (potato cells)"
✅ ACCEPT: "the solution in the potato cells was more concentrated than the distilled water" as explanation for water moving in
✅ ACCEPT: "turgid" to describe cells that have gained water
❌ DO NOT ACCEPT: "water moves from high to low concentration" without specifying WATER concentration
❌ DO NOT ACCEPT: "distilled water enters potato by osmosis" without explaining the concentration gradient



	🤝  WE DO — Collaborative practice with scaffolding

	Task 1: Task 1 — Gap fill: Osmosis in potato cells

	Word Bank:
	water concentration   ·   partially permeable   ·   turgid   ·   higher   ·   lower   ·   osmosis


Complete the passage. Remember to always specify WATER concentration.
	Distilled water has
	__________ water concentration than the solution inside potato cells (which contain dissolved sugars).

	Water molecules move
	through the __________ membrane from the distilled water (high water concentration) into the potato cells (__________ water concentration).

	This movement is called
	__________.

	The potato cells become
	__________ — swollen and firm.

	The mass of the potato
	cube __________ (increases / decreases).




	Task 2: Task 2 — Predict and explain

	1. A potato cube is placed in a concentrated salt solution. Predict what happens to the mass of the potato cube and explain why. [2 marks]
	Salt solution has __________ water concentration than potato cells. So water moves __________ by osmosis.

	
	

	2. A student says: "Water moves from an area of high concentration to an area of low concentration in osmosis." Identify the error in this statement and write the corrected version. [1 mark]
	What type of concentration must be specified?

	
	



	✏️  YOU DO — Independent work (support fading)

	SUCCESS CRITERIA

	🔵  Developing
	🟢  Secure
	🟣  Extending

	Can state that water moves into the potato because the potato cells have a lower water concentration than distilled water.
	Can explain the direction of osmosis in terms of WATER concentration gradient and use the terms "partially permeable membrane" and "turgid" correctly.
	Can apply osmosis principles to animal cells and novel contexts, and explain why percentage change (not mass) is the appropriate measure.

	Achieved? □
	Achieved? □
	Achieved? □



	Q1. Q1: A potato cube is placed in distilled water. Explain why the mass of the potato cube increases.  📎 Full scaffold
Sentence frame: Distilled water has a __________ water concentration than the solution inside potato cells. Water molecules move by __________ through the __________ membrane from __________ to __________ water concentration. The cells become __________ and the mass increases.

	

	



	Q2. Q2 [Different context — animal cells]: A red blood cell is placed in distilled water. Predict what happens to the red blood cell and explain why. How does this differ from what happens to a plant cell in distilled water?  📎 Partial scaffold — different context
Sentence frame: Water moves into the red blood cell because __________ water concentration outside is higher. Animal cells have no __________, so they cannot resist the pressure. The cell will...

	

	



	Q3. Q3: A student places potato cylinders of different masses into the same salt concentration. After 24 hours, student A's cylinder (2 g) has gained 0.4 g and student B's cylinder (4 g) has gained 0.8 g. The student claims both have the same result. Evaluate this claim.  📎 No scaffold — exam conditions

	

	

	




	📋  AQA-style Exam Questions

	1. Why would a potato cube placed into distilled water increase in mass? Tick (✓) one box: (A) The solution in the potato cells was less concentrated than the distilled water. (B) The solution in the potato cells was more concentrated than the distilled water. (C) The volume of water in the potato cells was greater than the volume of distilled water. (D) The volume of water in the potato cells was less than the volume of distilled water. [1 mark]  (AQA June 2025, Q03.2)
	[1 mark]

	

	






	2. A student investigates osmosis in potato cylinders. The student places potato cylinders in solutions of different concentrations. Explain why the potato cylinder in distilled water gains mass, while the potato cylinder in concentrated sugar solution loses mass. [4 marks]  (adapted from AQA past papers)
	[4 marks]

	

	

	

	

	

	




	📝  FEEDBACK & IMPROVEMENT

	⭐ What Went Well (WWW)
	🎯 Even Better If (EBI)
	✏️ My Improvement Response

	
	
	

	
	
	

	
	
	



	🚪  EXIT TICKET — Complete before leaving
Three quick recall questions — no notes.

	1.  In osmosis, does water move from high or low water concentration through the membrane?
	

	2.  Why must you say "water concentration" not just "concentration" in osmosis answers?
	

	3.  What happens to a plant cell placed in a concentrated solution? Give the correct term.
	




	DIN 8  Lesson 8: Vaccination — Herd Immunity
10 questions  |  Complete in silence  |  Under 7 minutes
📌 Recall: Lessons 5–7 + prior KS4: immune response, antibodies, vaccination mechanism

	1.  [L7] Osmosis is the diffusion of water molecules from high to low water concentration through a partially permeable membrane.
	True   /   False

	2.  [L7] A potato cube placed in distilled water increases in mass. This is because:
A) solute concentration is higher in distilled water     B) water concentration is higher in distilled water than inside potato cells     C) the cell wall pumps water in     D) active transport moves water into cells
	A  /  B  /  C  /  D

	3.  [L7] Explain what happens to a plant cell placed in a concentrated salt solution. Use the term "plasmolysis."
	Answer:


	4.  [L6] At temperatures above the enzyme optimum, the active site changes shape and the enzyme denatures.
	True   /   False

	5.  [L6] A plant is exposed to very high light intensity but the rate of photosynthesis does not increase. Which is the most likely limiting factor?
A) Temperature is too high     B) Carbon dioxide concentration is too low     C) Oxygen concentration is too high     D) Chlorophyll has denatured
	A  /  B  /  C  /  D

	6.  [L5] After exercise, breathing rate remains high to repay the oxygen debt by oxidising lactic acid.
	True   /   False

	7.  Vaccination stimulates the immune system to produce antibodies and memory cells without causing the disease.
	True   /   False

	8.  What are memory cells?
A) Cells that produce antigens     B) Long-lived white blood cells that enable a rapid secondary immune response to a previously encountered pathogen     C) Cells that store antibodies in the lymph nodes     D) Cells produced during fever
	A  /  B  /  C  /  D

	9.  Explain why vaccinated people respond faster to a second exposure to a pathogen.
	Answer:


	10.  Herd immunity occurs when enough of a population is vaccinated so that unvaccinated individuals are also protected.
	True   /   False

	Score:  _____ / 10
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	AQA GCSE Biology — Re-teach
Vaccination — Herd Immunity
	Name: ________________________________
Class: ____________   Date: ___________



	🔤  3 KEY SPELLINGS FOR THIS LESSON

	immunity
im-YOO-ni-tee
Protection against a specific pathogen, either from having had the disease (natural) or from vaccination (artificial); involves memory cells.
Practice: _____________________________
         _____________________________
	pathogen
PATH-o-jen
A micro-organism that causes disease; can be a virus, bacterium, protist, or fungus.
Practice: _____________________________
         _____________________________
	herd immunity
herd  im-YOO-ni-tee
When a high enough proportion of a population is immune that even unvaccinated individuals are unlikely to encounter the pathogen, protecting them indirectly.
Practice: _____________________________
         _____________________________



	📚  KEYWORD BANK

	KEY TERM
	DEFINITION  (AQA mark scheme language)

	Herd immunity  [Tier 3]
	Protection of unvaccinated individuals when a large proportion of the population is vaccinated, so the pathogen cannot spread effectively.

	Vaccination  [Tier 2]
	Deliberate introduction of a dead or weakened form of a pathogen to stimulate the immune system to produce memory cells without causing disease.

	Memory cells  [Tier 3]
	Long-lived lymphocytes produced after first exposure to an antigen; enable faster, larger antibody production on re-exposure (secondary immune response).

	Antibody  [Tier 3]
	Protein produced by B-lymphocytes; specific to one antigen; binds to the antigen to neutralise or mark it for destruction.

	Secondary immune response  [Tier 3]
	Faster, stronger immune response on second exposure to a pathogen, due to memory cells recognising the antigen quickly.

	Antigen  [Tier 3]
	Molecule (often protein) on pathogen surface that triggers immune response; each pathogen has unique antigens.



	🏫  I DO — Watch, listen and annotate

	Learning Objectives
1. Explain how vaccination protects both vaccinated and unvaccinated individuals (herd immunity).
2. Explain the mechanism of herd immunity using population-level reasoning.
3. Use mark scheme language: pathogen, spread, pass on, contact, fewer people with disease.



	Step 1 How vaccination works
	Vaccination introduces dead/weakened pathogen antigens into the body. The immune system responds by producing antibodies and memory cells. If the vaccinated person encounters the real pathogen later, memory cells quickly produce large quantities of the correct antibody, destroying the pathogen before disease develops.
📌 AQA note: Students often confuse the first and second immune response. The rapid second response is due to MEMORY CELLS — not because the body "remembers" antibodies (antibodies do not persist long-term).

	Step 2 Herd immunity mechanism
	If a large proportion of a population is vaccinated, there are fewer people carrying the pathogen. When an unvaccinated person encounters the population, they are less likely to come into contact with someone who has the pathogen. So the pathogen is less likely to be passed on, even to unvaccinated individuals.
📌 AQA 2025 MS Q01.5: Mark points: (1) fewer people with pathogen/disease due to vaccination; (2) so less likely for pathogen to be passed on / spread / caught. IGNORE: "so spread of disease is reduced" — too vague.

	Step 3 Threshold for herd immunity
	Herd immunity is not 100% effective unless enough of the population is vaccinated. For highly contagious diseases (e.g. measles), about 95% of the population needs to be immune. If vaccination rates fall below the threshold, the pathogen can spread again and outbreaks occur even among unvaccinated individuals who previously benefited from herd immunity.
📌 AQA 2025 Q01.5: Full 2-mark answer requires BOTH points: fewer people with disease AND less likely to spread. Writing only "fewer sick people" or only "less likely to spread" scores 1 mark, not 2.



	⚠️  MISCONCEPTION CHECK
Misconception 1: Students wrote only "fewer people have the disease" without explaining WHY this protects unvaccinated people. AQA requires the causal link: fewer infected → less likely to come into contact → pathogen cannot spread.



	⚠️  MISCONCEPTION CHECK
Misconception 2: Students wrote "herd immunity means unvaccinated people become immune." Wrong — unvaccinated people are not immune; they are simply less likely to encounter the pathogen.



	⚠️  MISCONCEPTION CHECK
Misconception 3: Many students said vaccination "prevents the disease entirely." It reduces the chance of catching it; some vaccinated individuals can still be infected by a mutated pathogen variant.



	📝  EXAM LANGUAGE COACH — AQA mark scheme wording
✅ ACCEPT: "few(er) people (in population) with pathogen / disease (due to vaccination)"
✅ ACCEPT: "(so) less likely for pathogen to be passed on / spread / caught"
✅ ALLOW: "less likely to come into contact with a person with pathogen"
✅ ALLOW: "2 marks for: fewer people with measles, so less likely to spread" (as a combined answer)
❌ IGNORE: "so spread of disease is reduced" — this is too vague for credit
❌ DO NOT ACCEPT: "unvaccinated people become immune" — they do not gain immunity



	🤝  WE DO — Collaborative practice with scaffolding

	Task 1: Task 1 — Gap fill: How herd immunity protects unvaccinated individuals

	Word Bank:
	pathogen   ·   vaccinated   ·   memory cells   ·   spread   ·   contact   ·   fewer


Complete the explanation of herd immunity. Use precise language.
	When a high proportion is vaccinated:
	There are __________ people in the population carrying the __________.

	Effect on unvaccinated people:
	Unvaccinated individuals are less likely to come into __________ with a person who has the disease.

	Result:
	The pathogen is less likely to __________, protecting even those without vaccination.

	Why vaccination works for the individual:
	Vaccination stimulates production of __________ __________, so the immune system can respond rapidly on re-exposure.




	Task 2: Task 2 — Data interpretation: Herd immunity threshold

	1. In a population of 240 people, 45% are immune to measles. Figure 1 suggests that herd immunity requires at least 95% immunity. Calculate how many more people in this population need to be vaccinated to achieve herd immunity. Show your working. [3 marks]
	Step 1: 45% of 240 = how many already immune? Step 2: 95% of 240 = target. Step 3: difference.

	
	

	2. Explain why vaccination rates falling from 95% to 80% in a population might lead to an outbreak of measles, even though 80% of people are still immune. [2 marks]
	Think about the mechanism of herd immunity from Step 2 of the I DO.

	
	



	✏️  YOU DO — Independent work (support fading)

	SUCCESS CRITERIA

	🔵  Developing
	🟢  Secure
	🟣  Extending

	Can state that if fewer people have the disease, it is less likely to spread to unvaccinated people.
	Can explain the two-step mechanism of herd immunity: fewer carriers → less contact → less transmission.
	Can use percentage data to calculate vaccination numbers needed for herd immunity and explain what happens when the threshold is not met.

	Achieved? □
	Achieved? □
	Achieved? □



	Q1. Q1: Explain how vaccinating a large proportion of a population protects unvaccinated individuals. [2 marks]  📎 Full scaffold
Sentence frame: If many people are vaccinated, there are __________ people carrying the __________. Unvaccinated people are less likely to come into __________ with the pathogen. So the pathogen is less likely to be __________ __________.

	

	



	Q2. Q2 [Different context]: A country introduces a vaccination programme for influenza. In Year 1, 60% of the population is vaccinated. In Year 2, the programme is extended and 85% are vaccinated. Explain why the number of influenza cases among UNVACCINATED people falls between Year 1 and Year 2.  📎 Partial scaffold — different context
Sentence frame: As vaccination coverage increases, there are __________ carriers of the virus. Unvaccinated people have a lower chance of...

	

	



	Q3. Q3: Measles requires about 95% population immunity for herd immunity. A town of 500 people has 60% vaccinated. Measles cases start appearing. (a) Calculate how many additional people need to be vaccinated. (b) Explain, using the mechanism of herd immunity, why 60% coverage was insufficient to prevent the outbreak.  📎 No scaffold — exam conditions

	

	

	




	📋  AQA-style Exam Questions

	1. In a population of 240 people, 45% are immune to measles because they have been vaccinated. Explain why vaccinating a large proportion of a population also protects people who have not been vaccinated. [2 marks]  (AQA June 2025, Q01.5)
	[2 marks]

	

	

	

	



	2. A scientist monitors the spread of measles in a town before and after a vaccination campaign. Before the campaign, 40% of the population was immune. After, 92% were immune. Explain, using the concept of herd immunity, why the number of measles cases fell dramatically after the campaign. [3 marks]  (adapted from AQA past papers)
	[3 marks]

	

	

	

	

	




	📝  FEEDBACK & IMPROVEMENT

	⭐ What Went Well (WWW)
	🎯 Even Better If (EBI)
	✏️ My Improvement Response

	
	
	

	
	
	

	
	
	



	🚪  EXIT TICKET — Complete before leaving
Three quick recall questions — no notes.

	1.  State two conditions needed for herd immunity to protect unvaccinated people.
	

	2.  Why is it not enough to write "spread of disease is reduced" in a herd immunity answer?
	

	3.  What type of cell enables the rapid secondary immune response after vaccination?
	




	DIN 9  Lesson 9: Plant Disease — Identifying Disease
10 questions  |  Complete in silence  |  Under 7 minutes
📌 Recall: Lessons 6–8 + prior KS4: plant cells, mineral deficiency, disease identification

	1.  [L8] Herd immunity occurs when enough people are vaccinated that even unvaccinated people are less likely to encounter the pathogen.
	True   /   False

	2.  [L8] A vaccination protects an individual because:
A) antibodies are directly injected into the blood     B) memory cells are produced, allowing faster antibody response on re-exposure     C) the pathogen is destroyed before entering the body     D) the immune system permanently removes the pathogen
	A  /  B  /  C  /  D

	3.  [L8] Explain the two steps that explain how herd immunity protects unvaccinated people.
	Answer:


	4.  [L7] In osmosis, water moves from high water concentration to low water concentration.
	True   /   False

	5.  [L7] A plant cell is placed in a solution more concentrated than its contents. What happens?
A) The cell becomes turgid     B) The cell becomes plasmolysed — membrane pulls away from cell wall     C) The cell bursts     D) No change occurs
	A  /  B  /  C  /  D

	6.  [L6] Enzymes are NOT killed by high temperatures — they denature.
	True   /   False

	7.  Plant diseases can be caused by fungi, bacteria, viruses, or insects.
	True   /   False

	8.  A plant has yellow leaves and stunted growth. Which mineral deficiency is most likely?
A) Calcium — needed for cell walls     B) Magnesium — needed to make chlorophyll     C) Phosphorus — needed for DNA     D) Potassium — needed for enzymes
	A  /  B  /  C  /  D

	9.  Name one method a gardener could use to identify the disease affecting a plant.
	Answer:


	10.  Rose black spot is a fungal disease that causes purple/black spots on leaves, reducing photosynthesis.
	True   /   False

	Score:  _____ / 10
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	AQA GCSE Biology — Re-teach
Plant Disease — Identifying Disease
	Name: ________________________________
Class: ____________   Date: ___________



	🔤  3 KEY SPELLINGS FOR THIS LESSON

	chlorosis
klo-ROH-sis
Yellowing of plant leaves due to lack of chlorophyll, often caused by magnesium or nitrogen deficiency or viral infection.
Practice: _____________________________
         _____________________________
	pathogen
PATH-o-jen
A micro-organism (virus, bacterium, fungus, or protist) that causes disease in a plant or animal.
Practice: _____________________________
         _____________________________
	deficiency
de-FISH-en-see
A shortage of a required mineral ion in the soil, causing specific growth problems in plants (e.g. magnesium deficiency → yellow leaves).
Practice: _____________________________
         _____________________________



	📚  KEYWORD BANK

	KEY TERM
	DEFINITION  (AQA mark scheme language)

	Rose black spot  [Tier 3]
	Fungal disease of roses; causes purple/black spots on leaves; spread by water; treated with fungicide or by removing infected leaves.

	Magnesium deficiency  [Tier 3]
	Lack of Mg²⁺ ions in soil; plants cannot make chlorophyll (which contains Mg); leaves turn yellow (chlorosis); reduced photosynthesis.

	Nitrate deficiency  [Tier 3]
	Lack of NO₃⁻ ions; plants cannot make amino acids or proteins; stunted growth, especially in young leaves.

	Chlorosis  [Tier 3]
	Yellowing of leaves due to lack of chlorophyll; caused by mineral deficiency (Mg or N), infection, or lack of light.

	Identification methods  [Tier 2]
	Ways to identify plant disease: reference books/plant manuals, gardening websites, laboratory analysis (testing for pathogen DNA), sending samples to a lab.

	Distribution  [Tier 2]
	Pattern of where symptoms appear on a plant; can suggest the cause (e.g. spots on leaves = fungal/bacterial; yellowing from base upwards = mineral deficiency).




	🏫  I DO — Watch, listen and annotate

	Learning Objectives
1. Describe common symptoms of plant disease and link to their cause.
2. Explain how magnesium deficiency causes yellow leaves (chlorosis) using photosynthesis knowledge.
3. Describe methods used to identify plant disease.



	Step 1 Symptoms & identification
	Plants show visible symptoms of disease: spots on leaves (rose black spot — fungal); yellowing of leaves (chlorosis — mineral deficiency or viral); stunted growth (nitrate deficiency or virus); distorted growth; presence of pests. To identify the cause: consult reference books/manuals; search gardening websites or databases; take samples to a laboratory for testing (DNA analysis for specific pathogens).
📌 AQA tip: students must name specific identification methods — "look it up" is too vague. Specific methods: reference books/plant manuals, scientific databases, laboratory testing/DNA analysis, sending to specialists.

	Step 2 Magnesium deficiency
	Magnesium ions (Mg²⁺) are needed to make chlorophyll. If soil lacks magnesium, the plant cannot synthesise sufficient chlorophyll. Without chlorophyll, less light energy is absorbed, so the rate of photosynthesis decreases. Less glucose is produced. The plant makes less cellulose, starch, and protein, so growth is stunted. Leaves turn yellow (chlorosis).
📌 AQA 2018 MS: "yellow leaves due to lack of chlorophyll" scores 1 mark. "less light absorbed by chlorophyll" scores 1 more. IGNORE "chloroplasts" unqualified — must specify chlorophyll.

	Step 3 Rose black spot (fungal)
	Rose black spot is caused by a fungus. Purple/black spots appear on leaves. The fungus is spread by water splashing between plants or by insects. Infected leaves turn yellow and drop early (reduced photosynthesis, less glucose for growth). Treatment: apply fungicide; remove and destroy infected leaves; improve air circulation.
📌 AQA: Rose black spot = fungal disease. Students sometimes confuse it with a viral or bacterial disease. The key identifier is purple/black spots on rose leaves specifically.



	⚠️  MISCONCEPTION CHECK
Misconception 1: Students wrote "yellow leaves are caused by lack of water" — while drought can cause wilting, CHLOROSIS (yellowing) specifically indicates lack of magnesium/nitrogen or viral infection.



	⚠️  MISCONCEPTION CHECK
Misconception 2: Students confuse mineral deficiency symptoms: magnesium → yellow leaves. Nitrate (nitrogen) → stunted growth, pale green/yellow older leaves. Iron → yellowing between leaf veins.



	⚠️  MISCONCEPTION CHECK
Misconception 3: Students did not name specific identification methods — "looking it up" or "asking someone" is not sufficient. Must say reference books, databases, laboratory analysis, sending to a specialist.



	📝  EXAM LANGUAGE COACH — AQA mark scheme wording
✅ ACCEPT: "yellow leaves due to lack of chlorophyll" (for Mg deficiency)
✅ ACCEPT: "therefore less / no light absorbed (by chlorophyll)"
✅ ACCEPT: "therefore lower rate of / no photosynthesis"
✅ ACCEPT: "therefore plant makes less / no sugar / glucose"
❌ IGNORE: "magnesium is needed to make chloroplasts" — must say CHLOROPHYLL
❌ DO NOT ACCEPT: "yellow leaves due to lack of water" — this is NOT chlorosis



	🤝  WE DO — Collaborative practice with scaffolding

	Task 1: Task 1 — Sequencing: Why magnesium deficiency causes yellow leaves

	Word Bank:
	chlorophyll   ·   photosynthesis   ·   chlorosis   ·   glucose   ·   chloroplasts   ·   light energy


Put the following statements in the correct order by numbering them 1–5.
	Statement A:
	Less __________ is absorbed because there is less pigment.

	Statement B:
	The plant shows __________ — leaves turn yellow.

	Statement C:
	Plants cannot make enough __________ without Mg²⁺ ions.

	Statement D:
	Less __________ can occur in leaves.

	Statement E:
	The plant makes less __________ and growth is stunted.





	Task 2: Task 2 — Describe plant disease identification methods

	1. A farmer notices unusual spots on leaves and yellowing. Describe three methods they could use to identify the plant disease. [3 marks]
	Reference books / plant manuals, online databases, laboratory testing/DNA analysis, sending a sample to a specialist.

	
	

	2. Compare the symptoms of magnesium deficiency with rose black spot disease. [3 marks]
	Magnesium deficiency: yellow leaves, chlorosis, stunted growth. Rose black spot: purple/black spots, early leaf drop, fungal cause.

	
	



	✏️  YOU DO — Independent work (support fading)

	SUCCESS CRITERIA

	🔵  Developing
	🟢  Secure
	🟣  Extending

	Can name two symptoms of plant disease and identify the likely cause.
	Can explain the chain of reasoning from magnesium deficiency → no chlorophyll → less photosynthesis → yellowing + stunted growth.
	Can evaluate a table of plant symptoms to identify the most likely disease/deficiency and justify with reference to specific evidence.

	Achieved? □
	Achieved? □
	Achieved? □



	Q1. Q1: A farmer notices that the leaves of their rose plants have turned yellow and show purple spots. Suggest the most likely plant disease and explain what causes the yellow leaves. [3 marks]  📎 Full scaffold
Sentence frame: The purple spots suggest __________. The yellow leaves (__________ ) are caused by __________ of magnesium. Without Mg²⁺, the plant cannot make __________. Less __________ is absorbed, so photosynthesis is reduced.

	

	



	Q2. Q2 [Different context]: A tomato plant growing in a greenhouse has pale, stunted new leaves but no spots. Suggest which mineral deficiency might be responsible and explain why stunted growth occurs.  📎 Partial scaffold — different context
Sentence frame: Pale/stunted new leaves suggest __________ (nitrate) deficiency. Without nitrates, the plant cannot make __________ acids, so it cannot make __________. New growth is most affected because...

	

	



	Q3. Q3: A scientist analyses the DNA of a sample taken from a diseased plant leaf. Explain why DNA analysis is a more reliable method of identifying plant disease than visual observation alone.  📎 No scaffold — exam conditions

	

	

	




	📋  AQA-style Exam Questions

	1. A plant has yellow leaves and the soil contains less than the normal concentration of magnesium ions. Explain how a lack of magnesium ions causes yellow leaves. [4 marks]  (adapted from AQA June 2018, Q05.2)
	[4 marks]

	

	

	

	

	

	




	2. Describe how a gardener could identify the disease affecting their rose plants that are showing spots and yellowing. [3 marks]  (adapted from AQA past papers)
	[3 marks]

	

	

	

	




	📝  FEEDBACK & IMPROVEMENT

	⭐ What Went Well (WWW)
	🎯 Even Better If (EBI)
	✏️ My Improvement Response

	
	
	

	
	
	

	
	
	



	🚪  EXIT TICKET — Complete before leaving
Three quick recall questions — no notes.

	1.  Which mineral ion is needed to make chlorophyll?
	

	2.  Name the fungal disease that causes purple/black spots on rose leaves.
	

	3.  Give two methods (other than visual observation) used to identify plant diseases.
	




	DIN 10  Lesson 10: Fat Digestion & Bile
10 questions  |  Complete in silence  |  Under 7 minutes
📌 Recall: Lessons 7–9 + prior KS4: digestive system, enzymes, lipids

	1.  [L9] Magnesium deficiency causes yellow leaves because the plant cannot make chlorophyll.
	True   /   False

	2.  [L9] Which of the following is the best method for identifying the specific pathogen causing a plant disease?
A) Comparing with a reference book     B) DNA analysis in a laboratory     C) Asking a gardening expert     D) Checking the colour of the soil
	A  /  B  /  C  /  D

	3.  [L9] Explain the chain of events from magnesium deficiency to reduced photosynthesis.
	Answer:


	4.  [L8] Herd immunity protects unvaccinated people by reducing the chance of them contacting a carrier of the pathogen.
	True   /   False

	5.  [L8] Why must a large proportion of a population be vaccinated for herd immunity to work?
A) Vaccines are more effective in groups     B) Fewer carriers means less chance of unvaccinated people encountering the pathogen     C) The pathogen mutates when fewer people are vaccinated     D) Memory cells are shared between vaccinated people
	A  /  B  /  C  /  D

	6.  [L7] Water moves into a potato cell placed in distilled water because the water concentration is higher in distilled water than inside the cell.
	True   /   False

	7.  Lipase is the enzyme that digests fats (lipids) into fatty acids and glycerol.
	True   /   False

	8.  Where is bile produced and where is it stored before being released?
A) Produced in stomach, stored in pancreas     B) Produced in liver, stored in gall bladder     C) Produced in gall bladder, stored in liver     D) Produced in pancreas, stored in duodenum
	A  /  B  /  C  /  D

	9.  Explain the difference between physical and chemical digestion. Give an example of each.
	Answer:


	10.  Bile emulsifies fat — it breaks large fat globules into smaller droplets, increasing surface area for lipase to act on.
	True   /   False

	Score:  _____ / 10
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	🔤  3 KEY SPELLINGS FOR THIS LESSON

	emulsification
ee-mul-si-fi-KAY-shun
The breakdown of large fat globules into smaller droplets by bile; increases surface area for lipase to work on. This is physical, not chemical, digestion.
Practice: _____________________________
         _____________________________
	lipase
LY-pase
Enzyme produced in the pancreas and small intestine; breaks down lipids (fats) into fatty acids and glycerol; works best at alkaline pH.
Practice: _____________________________
         _____________________________
	gall bladder
gawl  BLAD-er
Small sac beneath the liver that stores bile before it is released into the small intestine (duodenum).
Practice: _____________________________
         _____________________________



	📚  KEYWORD BANK

	KEY TERM
	DEFINITION  (AQA mark scheme language)

	Bile  [Tier 2]
	Alkaline liquid produced by the liver, stored in the gall bladder; emulsifies fat into smaller droplets (physical digestion); neutralises stomach acid in the duodenum.

	Emulsification  [Tier 3]
	Physical (not chemical) process by which bile breaks large fat globules into smaller droplets; increases surface area for lipase, speeding up chemical digestion.

	Lipase  [Tier 3]
	Enzyme that catalyses the breakdown of lipids into fatty acids and glycerol; produced in the pancreas; optimum pH is alkaline (around pH 7–8).

	Gall bladder  [Tier 3]
	Stores bile between meals; releases bile into the duodenum when fat is present; removal causes problems digesting fats.

	Fatty acids & glycerol  [Tier 3]
	Products of fat digestion by lipase; absorbed through the wall of the small intestine into the lymph vessels (lacteals).

	Duodenum  [Tier 2]
	First section of the small intestine; receives bile from gall bladder and digestive enzymes from pancreas; main site of fat digestion.



	🏫  I DO — Watch, listen and annotate

	Learning Objectives
1. Explain the role of bile in fat digestion, distinguishing physical from chemical digestion.
2. Explain why bile increases the rate of fat digestion by lipase (surface area argument).
3. Explain what happens to fat digestion if the gall bladder is removed or blocked.



	Step 1 Bile production & storage
	Bile is produced by the liver. It is stored in the gall bladder. When food containing fat reaches the duodenum, the gall bladder contracts and releases bile into the duodenum. Bile is alkaline, which helps to neutralise the acid from the stomach, providing the optimum pH for lipase to work.
📌 AQA 2025 MS Q07.7: gall bladder scores 1 mark. IGNORE "bile duct" as storage site — bile is stored in the GALL BLADDER, not the bile duct.

	Step 2 Emulsification & surface area
	Bile emulsifies fat. This is a PHYSICAL process — bile does not chemically break down fat. Instead, it breaks large fat globules into much smaller droplets. This greatly increases the surface area of fat exposed to lipase. The greater the surface area, the more lipase molecules can act on the fat simultaneously, so the rate of fat digestion by lipase is much faster.
📌 AQA 2018 Examiner Report (Q07.5): "Students who recognised that the difference was due to emulsification of the fat often went on to describe the consequence on surface area. The final mark was often poorly explained — students suggested that the bile, rather than the lipase, broke down the fat." Bile emulsifies; lipase digests.

	Step 3 Gall bladder blocked/removed
	If the gall bladder is removed or blocked (e.g. by gallstones): no bile/less bile reaches the small intestine. Fat is not emulsified (no physical digestion). The surface area of fat available to lipase remains small. Lipase cannot break down fat as efficiently. Less fatty acids and glycerol are absorbed. The person may experience difficulty digesting fats and fatty stools.
📌 AQA 2021 MS Q07.7: answers scored as pairs of marks: (1) no/less bile → less emulsification; (2) less surface area → less lipase action. Also: (3) pH not neutralised → lipase not at optimum pH. DO NOT ACCEPT "chemical digestion" for bile's role.



	⚠️  MISCONCEPTION CHECK
Misconception 1: Many students wrote "bile chemically digests fat." AQA 2018 examiner report: "It was not uncommon for students to suggest that bile is an enzyme." Bile is NOT an enzyme — it is an alkaline liquid that physically emulsifies fat.



	⚠️  MISCONCEPTION CHECK
Misconception 2: Students wrote only "bile increases surface area" without explaining HOW (emulsification) or WHY surface area matters (more lipase can act simultaneously). Both are needed for full marks.



	⚠️  MISCONCEPTION CHECK
Misconception 3: Students confused the liver and gall bladder — bile is PRODUCED by the liver but STORED in the gall bladder. When the gall bladder is removed, bile production continues but is released continuously.



	📝  EXAM LANGUAGE COACH — AQA mark scheme wording
✅ ACCEPT: "no/less bile → less/no emulsification of fat"
✅ ACCEPT: "(so) smaller surface area for lipase to break down fat"
✅ ACCEPT: "pH of small intestine is not neutralised / alkaline → lipase not at optimum pH"
✅ ALLOW: "correct description of emulsification" (breaking fat into smaller droplets)
❌ DO NOT ACCEPT: "bile chemically digests fat" — bile emulsifies, lipase digests
❌ DO NOT ACCEPT: "reference to chemical digestion" for bile's role



	🤝  WE DO — Collaborative practice with scaffolding

	Task 1: Task 1 — Gap fill: The role of bile in fat digestion

	Word Bank:
	liver   ·   gall bladder   ·   emulsifies   ·   surface area   ·   lipase   ·   alkaline   ·   fatty acids   ·   glycerol


Complete the passage about how fat is digested in the duodenum.
	Bile is produced:
	Bile is made in the __________ and stored in the __________.

	Bile's physical role:
	In the duodenum, bile __________ fat — breaking large fat globules into small droplets.

	Why this matters:
	This greatly increases the __________ __________ of fat, allowing more __________ molecules to act on the fat at the same time.

	Bile's chemical role:
	Bile is __________, which neutralises stomach acid, providing optimum pH for lipase.

	Products of fat digestion:
	Lipase breaks fat into __________ __________ and __________, which are absorbed into lacteals in the small intestine.



	Task 2: Task 2 — Explain consequences of gall bladder removal

	1. A patient has their gall bladder removed. Explain the effect this would have on fat digestion. [3 marks]
	Think: bile → emulsification → surface area → lipase → rate of digestion. What happens if bile is missing?

	
	

	2. A student adds bile salts to a test tube containing milk and lipase. The milk turns from opaque to clear faster than a control tube with lipase only. Explain why the presence of bile salts speeds up fat digestion. [2 marks]
	Emulsification → surface area → more lipase molecules act simultaneously.

	
	



	✏️  YOU DO — Independent work (support fading)

	SUCCESS CRITERIA

	🔵  Developing
	🟢  Secure
	🟣  Extending

	Can state that bile emulsifies fat and is stored in the gall bladder.
	Can explain: bile emulsifies fat → increases surface area → more lipase acts → faster digestion, AND distinguish physical (bile) from chemical (lipase) digestion.
	Can evaluate data comparing fat digestion rates with and without bile, and apply bile/lipase principles to novel digestive scenarios.

	Achieved? □
	Achieved? □
	Achieved? □



	Q1. Q1: A patient's gall bladder is blocked by a gallstone. Explain the effect this has on fat digestion in the duodenum. [3 marks]  📎 Full scaffold
Sentence frame: No/less __________ reaches the duodenum. Fat is not __________. The __________ __________ of fat available to __________ remains small. Less fat is broken down into __________ and __________, so less is absorbed.

	

	



	Q2. Q2 [Different context]: In the stomach, food is churned mechanically. Explain why this physical digestion, like emulsification by bile, increases the rate of chemical digestion by enzymes.  📎 Partial scaffold — different context
Sentence frame: Physical digestion breaks food into __________ pieces, increasing __________. More enzyme molecules can... This increases the rate of __________ digestion.

	

	



	Q3. Q3: A student investigates fat digestion using a pH indicator that turns yellow when fat has been fully broken down to fatty acids. Tube A contains lipase only; Tube B contains lipase + bile salts. Tube B turns yellow significantly faster. Explain the results and predict what would happen if bile salts were added to Tube A after it had already started turning yellow.  📎 No scaffold — exam conditions

	

	

	




	📋  AQA-style Exam Questions

	1. A person has their gall bladder removed. Explain how this affects fat digestion. [5 marks]  (adapted from AQA June 2021, Q07.7)
	[5 marks]

	

	

	

	

	

	

	



	2. A student investigates the digestion of fat in milk. The student adds lipase to two tubes of milk. Bile salts are added to one tube only. The tube with bile salts turns clear faster. Explain why the tube with bile salts turned clear faster. [2 marks]  (adapted from AQA past papers)
	[2 marks]

	

	

	

	




	📝  FEEDBACK & IMPROVEMENT

	⭐ What Went Well (WWW)
	🎯 Even Better If (EBI)
	✏️ My Improvement Response

	
	
	

	
	
	

	
	
	



	🚪  EXIT TICKET — Complete before leaving
Three quick recall questions — no notes.

	1.  Where is bile produced? Where is it stored?
	

	2.  Explain the difference between emulsification and digestion in fat breakdown.
	

	3.  State two effects of bile on fat digestion in the duodenum.
	



