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[bookmark: _Toc223937737][bookmark: _Toc243065486]Overview
Year and learning area: Year 11 Biology
Description: this resource complements the Cells as the basis of life program of learning. It serves as a teacher reference, offering practical strategies and ideas to enrich teaching practices and create engaging learning environments. Adapt the activities to suit students’ needs.
Duration: timing will vary based on the mode of delivery, differentiation strategies employed and class or school context, however this series of activities should take approximately 10 hours. (This includes one hour for students to complete the assessment task at the completion of this resource book.)
Risk management: teachers are advised to undertake a risk assessment before conducting any classroom investigation or experiment. For more information on developing risk assessments, refer to Risk Assessment – a pre-requisite for risk control and WHS Risk assessment template.
[bookmark: _Toc223937738]This resource book elaborates on many of the activities in the Cells as the basis of life sample program of learning. Some activities also reference the Cells as the basis of life slide decks throughout this document. The resource package is available on the Biology 11–12 web page.

[bookmark: _3.1_Cell_requirements][bookmark: _Ref235782762][bookmark: _Toc243065487]3.1 Cell requirements for animals and plants (secondary-source investigation)
Students will be introduced to biochemical processes and extract and summarise information from a text to relate substances to cell requirements.
Table 1 – learning intentions and success criteria
	[bookmark: _Toc128649917][bookmark: _Toc141426382]We are learning:
	I can:

	to identify how cells use required materials to carry out biochemical processes that sustain life
	define ‘biochemical processes’ using examples
identify substances required by cells, such as glucose, oxygen, carbon dioxide, water, ions and amino acids
identify how different substances meet the requirements of cells

	to process information from secondary sources.
	identify relevant key points in a text
extract and summarise information from a text to respond to questions.


[bookmark: _Toc223937739][bookmark: _Toc243065488]Lesson sequence instructions
Activate
Note: in Year 8 Living systems, students will have learnt how components of body or plant systems meet cellular requirements, allowing the efficient functioning of a multicellular organism. In Year 8, students may have used generic terms such as nutrients and gases. In this learning sequence, students will learn specific cellular requirements such as glucose, ions, carbon dioxide and oxygen.
Activate students’ prior knowledge about cellular requirements for multicellular organisms, including animals (specifically humans) and plants, using 3.1 PPT ‘Activating prior knowledge’ (2 slides). Show the slides and ask students to add annotated arrows indicating intake and output requirements for animals and plants.
Animals require nutrients to provide raw materials for cellular processes that generate energy and for growth and repair. They also need to take in oxygen to help cells generate energy through cellular respiration, which is vital for all body functions. Animals also need to eliminate waste products to prevent the build-up of toxic substances, which can be harmful.
Plants need gases such as carbon dioxide for photosynthesis. They also require oxygen for cellular respiration. Plants need water for photosynthesis, to transport minerals to other parts of the plant, to keep the plant’s cells firm and to help it stay upright. Plants need minerals to grow and support other processes. Plants also need to remove waste. Oxygen is released as a by-product of photosynthesis, preventing a dangerous build-up. Other wastes are stored in the leaves or vacuoles or shed when leaves or fruit fall off.
For students who may struggle to recall these concepts, refer to the content and resources in the Year 8 Living systems focus area.
Guide a class discussion to identify the similarities and differences in the requirements of plant and animal cells. For example:
Similarities: both require oxygen, water and nutrients and must remove waste.
Differences: plants require carbon dioxide, but animals do not.
Connect students’ prior knowledge to the new learning by explaining that they will now learn about specific substances required by cells (some of which they may already know) and the biochemical processes for which they are used (photosynthesis and cellular respiration):
oxygen
carbon dioxide
water
glucose
amino acids
ions (such as sodium, potassium and calcium).
Core learning
Relating substances to cell requirements
1. Explain that all living things consist of cells. Cells are the smallest unit of life and require a constant supply of specific substances to survive and function. These substances support biochemical processes that release energy, build structures, and regulate cellular activities to meet cellular requirements.
Use slide 3.1 PPT ‘Defining a key term’ to define the term ‘biochemical process’ as a series of chemical reactions that occur in the cells of living organisms to sustain life.
Examples of biochemical processes include photosynthesis, cellular respiration, protein synthesis, digestion and DNA replication.
Explain that a specific enzyme catalyses each chemical reaction in the biochemical pathway.
Note: in this and subsequent lesson sequences, ‘cellular respiration’ is introduced and taught. Throughout these focus area resources, references to respiration refer specifically to aerobic respiration. Other pathways that can occur when oxygen is unavailable or insufficient, including anaerobic respiration and fermentation, are beyond the scope of this focus area and are not taught in these resources.
Similarly, the concept of ‘photosynthesis’ is introduced and taught. Throughout these focus area resources, references to photosynthesis refer specifically to oxygenic photosynthesis. Non-oxygenic photosynthesis is beyond the scope of this focus area and is therefore not taught in these resources.
Inform students that in this focus area they will learn about photosynthesis, cellular respiration, DNA replication and the role of enzymes in facilitating chemical reactions in biochemical processes. Other focus areas will cover digestion, protein synthesis and further study of photosynthesis and cellular respiration.
Provide students with the Student resource – cell requirements and important substances, containing a text and questions to respond to.
Model with a think-aloud how to scan a text, identify keywords with a highlighter and navigate the text using graphics, headings and subheadings to respond to the first question in the student resource.
Demonstrate the steps for summarising the text, using the identified key points to respond to the first row in Table 1 of the student resource. This should identify the role of glucose in cells, the biochemical processes it is involved in and how glucose meets cell requirements, using their own words. Sample answers have been provided in the Sample response – student resource – cell requirements and important substances.
Use guided practice or have students independently highlight specific information and key points in the text and summarise them to respond to the rest of the questions in Table 1 of the student resource. Emphasise that information must be summarised in their own words, not copied directly from the text.
Guide a class discussion of the completed student resource to check students’ understanding using the Sample response – student resource – cell requirements and important substances. Emphasise that:
Cells need specific substances to survive and function properly. These substances support biochemical processes, which are a series of chemical reactions that occur within cells.
Different substances have different roles, such as water, which supports chemical reactions and helps substances move in and out of cells.
These substances are involved in key biochemical processes such as photosynthesis, where plants use carbon dioxide and water to make glucose; cellular respiration, where cells use glucose and oxygen to release energy; and enzyme-catalysed reactions, where enzymes help control and speed up chemical reactions in cells. These reactions support processes such as energy release, building substances, growth and repair. Some ions also help enzymes function effectively.
Check students’ understanding of how substances meet cellular requirements using Check for understanding 1 (3.1 PPT). Show students slide 3.1 PPT ‘Check for understanding 1’ and ask them to match the terms to the cell requirements to check their understanding of how substances meet cellular requirements.
Consolidate
1. Consolidate students’ understanding of cell requirements using the ‘Because’ retrieval challenge with 3.1 PPT ‘Consolidating cell requirements’ (2 slides). Provide students with the incomplete statements shown in Figure 1 and ask them to independently complete the statements in their books, linking each substance to its cellular requirement. Sample responses are shown in the slide deck and in Figure 2.
[bookmark: _Ref239163475]Figure 1 – consolidating understanding activity
[image: A retrieval challenge titled 'Consolidating cell requirements activity' lists 5 prompts asking why cells need glucose, oxygen, water, amino acids and ions, and why plants need carbon dioxide.]
[bookmark: _Ref239163558][bookmark: _Toc223937740][bookmark: _Ref229648786][bookmark: _Ref229649124]Figure 2 – sample response for the ‘because’ retrieval challenge
[image: An activity titled 'Consolidating cell requirements activity' presents a 'because' retrieval challenge with 5 questions and sample responses explaining why cells need glucose, oxygen, water, amino acids and ions, and why plants need carbon dioxide.]


[bookmark: _Student_resource_–][bookmark: _Toc243065489]Student resource – cell requirements and important substances
Instructions: extract and summarise key points from the text to respond to the questions.
Cells require a range of substances to survive, grow and function. These substances help cells meet needs such as energy production, growth, repair, transport, and communication. They support biochemical processes, including cellular respiration and photosynthesis.
	Glucose provides energy for cells. Cells use this energy for activities such as growth, repair and transport. Oxygen is also important because it helps cells access the energy needed to carry out life processes. Both glucose and oxygen are involved in cellular respiration.
	Figure 1 – a glucose molecule (top) and oxygen gas molecule (bottom)
[image: A diagram showing a glucose molecule and an oxygen gas molecule.]

	Figure 2 – a carbon dioxide molecule (top) and a water molecule (bottom)
[image: A diagram showing a carbon dioxide molecule and a water molecule.]
	Carbon dioxide plays different roles in organisms. In many cells, it is produced and removed as a waste product. However, plant cells require carbon dioxide to help make glucose during photosynthesis.
All cells require water because it supports many chemical reactions and helps transport substances into and out of cells. Water is therefore important for everyday cellular function and for biochemical processes such as photosynthesis.

	Cells also require amino acids, which are used to build proteins. Proteins are needed for cell growth, repair and normal functioning. Without amino acids, cells could not produce the structures and materials they need, such as enzymes to catalyse reactions.
Another important cellular requirement is ions such as sodium, potassium, calcium and magnesium. Cells use ions to transport substances and communicate with other cells. For example, some ions help cells send signals, while others help enzymes function so that biochemical reactions can occur properly. Ions help maintain normal cellular activity and allow cells to function effectively.
	Figure 3 – an amino acid sequence 
[image: A diagram showing a water molecule and a sequence of 4 amino acids.]


The images in this text have been generated using BioRender.com. Any copyright subsisting in this work is owned by © State of New South Wales (Department of Education) 2026.
Questions
1. Extract key points from the text to summarise how substances relate to cellular needs.
Table 1 – a table summarising how substances relate to cellular requirements
	Substance
	Role in cells 
	Biochemical process involved
	How it meets cell requirements

	Glucose
	
	
	

	Oxygen
	
	
	

	Water
	
	
	

	Carbon dioxide
	
	
	

	Amino acids
	
	
	

	Ions
	
	
	


1. Explain how the absence of oxygen would affect a cell’s ability to obtain energy from glucose.
	


1. Explain why carbon dioxide can be both a waste product and a useful substance.
	


[bookmark: _Toc223937742]

[bookmark: _Sample_response_–][bookmark: _Ref229724692]Sample response – student resource – cell requirements and important substances
Questions
1. Extract key points from the text to summarise how substances relate to cellular needs.
Table 1 – sample response, summarising how substances relate to cellular requirements
	Substance
	Role in cells
	Biochemical process involved
	How it meets cell requirements

	Glucose
	A primary energy source for cells.
	Cellular respiration.
	Provides energy for cells to grow, repair and carry out activities.

	Oxygen
	Helps release energy from glucose.
	Cellular respiration.
	Oxygen is required for cells to release energy from glucose so they can function normally.

	Water
	Supports reactions and the movement of substances.
	Photosynthesis and cellular respiration.
	Helps reactions occur and supports the movement of substances through cells.

	Carbon dioxide
	Raw material for glucose production. Waste product of cellular respiration.
	Photosynthesis and cellular respiration.
	Plant cells use carbon dioxide during photosynthesis to produce glucose. Removal of carbon dioxide produced as waste helps prevent its accumulation in cells.

	Amino acids
	Build proteins, including enzymes.
	Enzyme-catalysed reactions.
	Amino acids are used to make proteins required for cell growth, repair and normal functioning.

	Ions
	Help cell communication and reactions.
	Enzyme-catalysed reactions.
	Support normal cell function and enzyme activity.


1. Explain how the absence of oxygen would affect a cell's ability to obtain energy from glucose.
	Oxygen is needed for cells to use glucose during cellular respiration to obtain energy. Without oxygen, the cell cannot use glucose effectively to obtain the energy needed for essential life processes such as growth, repair and transport. 


1. Explain why carbon dioxide can be both a waste product and a useful substance.
	Carbon dioxide is a waste product of cellular respiration, but it is useful because plants use it in photosynthesis to produce glucose.


[bookmark: _Toc223937743]

[bookmark: _Toc243065490]Teaching advice
Students often confuse the food an organism consumes with the substances cells directly require. Digestive processes break down food into smaller molecules such as glucose and amino acids, which cells then transport and use in biochemical processes. Students may also incorrectly assume that plants do not require oxygen because they carry out photosynthesis. Reinforce to students that plant cells perform cellular respiration, just like animal cells, and therefore require oxygen to release energy from glucose. While plants produce oxygen during photosynthesis, they also use oxygen to support cellular respiration.
In this lesson sequence, students should focus on identifying substances required by cells, explaining what each substance is used for, relating the substances to cellular requirements and recognising the links to biochemical processes, without detailed explanation of the processes.
Table 2 shows some common student misconceptions and how to correct them.
[bookmark: _Ref229731486]Table 2 – some common misconceptions and how the teacher can clarify them
	Misconception
	Clarification to address misconception

	Cells only require energy.
	Cells need energy and raw materials. Glucose provides energy, but substances such as amino acids are required to build proteins for growth and repair.

	Carbon dioxide is only a waste product.
	Carbon dioxide is a waste product of cellular respiration, but plant cells use it in photosynthesis to produce glucose. A substance can be waste in one process and useful in another.

	Plants do not require glucose because they make food.
	Plants produce glucose through photosynthesis, but they still require it because plant cells also carry out cellular respiration to release energy.

	Water is only for hydration.
	Water is needed for chemical reactions and for transporting substances into and out of cells. It is also involved in processes such as photosynthesis. Water is a working substance in cells, not just for hydration.

	Ions are not important because they are unfamiliar substances.
	Ions help cells transport substances and communicate, including nerve signalling and muscle activity. Ions are also important because they regulate enzyme activity through direct structural support, chemical catalysis and environmental balance. The right balance of ions is needed to maintain an enzyme's optimum shape and promote chemical reactions.


Background information
Cells require specific substances to survive and function effectively. These substances support cellular processes, including energy production, growth, repair, transport and communication. Students are expected to understand the role of each substance and relate it to the requirements of living cells, then apply and deepen this knowledge in future learning sequences on biochemical processes such as photosynthesis and cellular respiration and on how enzymes catalyse reactions.
Checks for understanding
[bookmark: _Check_for_understanding_1][bookmark: _Ref229726314]Check for understanding 1 (3.1 PPT)
Figure 3 – a check for understanding matching key substances to how they meet cellular requirements
[image: A checkpoint activity showing a range of substances that students match to the cellular requirements they support.]

Check for understanding 1 sample response
Figure 4 – the sample response to check for understanding 1 relating the substances to their cellular requirements
[image: A sample student response to the checkpoint matching six substances to their cellular requirements, with explanations for the roles of water, amino acids, glucose, carbon dioxide, ions and oxygen.]


[bookmark: _Student_resources][bookmark: _Toc243065491][bookmark: _Toc221026285][bookmark: _Toc223937745]3.2 Cellular respiration and photosynthesis
Students interpret and use summary equations to describe the biochemical processes of cellular respiration and photosynthesis.
Table 3 – learning intentions and success criteria
	We are learning:
	I can:

	to explain the role of biochemical processes in living organisms 
	define ‘cellular respiration’ and ‘photosynthesis’ as biochemical processes
identify the reactants and products of cellular respiration and photosynthesis
using the summary equation, describe cellular respiration as a process that releases energy from glucose for use by cells
using the summary equation, describe photosynthesis as a process that uses light energy to produce glucose

	to communicate scientific information using scientific language and terminology.
	use correct scientific symbols and formulae when writing the summary equations for cellular respiration and photosynthesis
use appropriate scientific terminology to describe the processes of cellular respiration and photosynthesis.


[bookmark: _Toc243065492]Lesson sequence instructions
Activate
Note: students will have learnt about cellular respiration and photosynthesis as important cellular processes in Year 7 Cells and classification, then built on their understanding of these processes in Year 8 Change, where they conducted a practical investigation to model them.
1. Activate students’ prior knowledge about cell requirements, cellular respiration, and photosynthesis by facilitating a class discussion using slide 3.2 PPT ‘3.1 Activating prior knowledge’. The questions and sample responses are also listed in Table 4.
[bookmark: _Ref239163821]Table 4 – activating prior knowledge questions and sample responses
	Question
	Sample response

	What do cells need to survive?
	Cells need energy, water, and nutrients to carry out life processes such as growth, repair and moving some substances across membranes. 

	What is cellular respiration?
	Cellular respiration is the process by which cells release energy from glucose.

	What is photosynthesis?
	Photosynthesis is the process by which plants use carbon dioxide and water to produce glucose.

	Which substances are important for cellular requirements?
	Cells require glucose, oxygen, water, and carbon dioxide for energy production, transport and normal functioning.


If students cannot recall these concepts, refer to the Year 7 Cells and classification focus area content and resources to reteach the required material.
Connect prior learning to new learning by explaining, in the previous lesson sequence, students learned which substances cells require and why they are important. Students also learned about the cellular processes of cellular respiration and photosynthesis and why these processes are important for the efficient functioning of an organism.
Explain that students will build on this knowledge by describing the biochemical processes of cellular respiration and photosynthesis. Students will explain how cellular requirements are used or generated in these processes and represent each process using summary equations.
Note: students will deepen their understanding of cellular respiration and photosynthesis in the next Year 11 focus area, Cells to systems. In Cells to systems, students will learn to explain how plants, as autotrophic organisms, obtain and use substances for survival, and how environmental conditions influence these processes. Students will also explore how water, gases and nutrients are transported through the xylem and phloem, using scientific models such as cohesion-tension and translocation theory to explain how materials move within plants to support ongoing photosynthesis and cellular respiration.
Core learning
Note: in this lesson sequence, cellular respiration is taught. Throughout these focus area resources, references to respiration refer specifically to aerobic respiration. Other pathways that can occur when oxygen is unavailable or insufficient, including anaerobic respiration and fermentation, are beyond the scope of this focus area and are not taught in these resources.
Similarly, the concept of photosynthesis is taught. Throughout these focus area resources, references to photosynthesis refer specifically to oxygenic photosynthesis. Non-oxygenic photosynthesis is beyond the scope of this focus area and is therefore not taught in these resources.
Cellular respiration
1. Before teaching the biochemical processes of cellular respiration and photosynthesis, use slide 3.2 PPT ‘Defining key terms’ to define key terms with students and explain the chemical formulae for the substances involved in the processes (except for adenosine triphosphate (ATP)).
ATP: the primary energy-carrying molecule used by all living cells to power various processes. When a cell needs energy, it breaks down ATP to release it.
Carbon dioxide: a colourless, odourless, non-flammable gas essential for photosynthesis in plants. Its chemical formula is CO2.
Glucose: a simple sugar that serves as the primary energy source for organisms. C6H12O6.
Oxygen: a colourless, odourless gas essential for cellular respiration in organisms. Its chemical formula is O2.
Water: a transparent, chemical substance composed of hydrogen and oxygen. It is essential for life. Its chemical formula is H2O.
Check students’ understanding of the key terms using Check for understanding 1 (3.2 PPT). Show students slide 3.2 PPT ‘Check for understanding 1 (1 of 2)’ and ask them to match the terms to the definitions and each chemical formula or image with the corresponding term or definition to check their understanding of key terms for cellular respiration and photosynthesis. 
Cold-call students to share their responses. Sample responses are on 3.2 PPT ‘Check for understanding 1 (2 of 2)’.
Provide students with the Student resource – cellular respiration.
Explain that scientists often use diagrams and summary equations to represent complex biological processes.
Use 3.2 PPT ‘Cellular respiration’ (2 slides) to define and model the steps involved in cellular respiration, the reactants and products, and how to represent the process using a summary equation while completing the student resource. Table 5 includes instructions and questions with responses to support teaching this process. Students can annotate and complete their student resource using the instructions and questions provided in the table or notes section of the slide. A sample response is provided in the Sample response – student resource – cellular respiration.
Cellular respiration is the process by which a living organism or its cells break down organic molecules to release energy.
Check students’ understanding of cellular respiration using Check for understanding 2 (3.2 PPT). Show students slide 3.2 PPT ‘Check for understanding 2’, which includes the diagram of the cellular respiration equation and questions. Ask students to use mini whiteboards or cold-call students to check their understanding of cellular respiration.
[bookmark: _Ref235519869]Table 5 – unpacking the summary equation of cellular respiration
	Instruction/question
	Information for students to respond to questions

	Direct students to the left-hand side of the equation (before the arrow) and ask what substances enter the process. 
	Students should identify glucose and oxygen.
The substances entering a process are called the reactants. In cellular respiration, cells require glucose and oxygen.

	Review what glucose and oxygen are.
Distinguish cellular respiration from breathing.
	Glucose is an energy-rich molecule that stores chemical energy in its bonds. Cells cannot use glucose directly, so they break it down through cellular respiration to release usable energy for many cellular processes, including growth, repair and transport.
Oxygen enables cells to extract energy from glucose efficiently. Without oxygen, cells cannot extract as much usable energy. 
Breathing moves oxygen into the body, but cellular respiration occurs inside cells and requires oxygen as a reactant.

	Direct students to the substances on the right-hand side of the arrow in the equation and describe them.
	As glucose breaks down, new substances are formed. These are called ‘products’.

	Ask students what the products of cellular respiration are.
	Students should identify carbon dioxide, water and ATP as products of cellular respiration.
Carbon dioxide is a waste product of cellular respiration. Many organisms remove it through gas exchange.
Water is also produced and can be reused in cellular processes.
ATP is the immediate source of usable energy for cells. Cells use ATP to carry out important activities such as active transport, growth, repair, muscle contraction and protein synthesis.

	Direct students to slide 2 of 2.
Ask students for the chemical formula for glucose.
	Students should identify this as C₆H₁₂O₆.
Think aloud – the chemical formula of glucose contains 6 carbon atoms, 12 hydrogen atoms and 6 oxygen atoms.

	Ask students what the chemical formula for oxygen gas is.
	Students should identify this as O2.
Think aloud: ‘Oxygen exists as a molecule made of 2 oxygen atoms bonded together, which is why we write O₂.’

	Direct students to the cellular respiration diagram and ask how many glucose and oxygen molecules are shown.
	Students should identify that there is one glucose molecule and 6 molecules of oxygen gas.
Scientists show quantities using coefficients placed in front of the formula. If no number is written at the front, as shown for glucose in cellular respiration, it indicates one molecule.

	Summarise the reactants in cellular respiration.
	Write C₆H₁₂O₆ + 6O2 on the board.
This means that one glucose molecule reacts with 6 oxygen molecules during cellular respiration.

	Direct students to the arrow in the equation.
	The arrow in a chemical equation means ‘produces’ or ‘yields’.
In biology and chemistry, arrows indicate the direction of the chemical reaction or a process.

	Review the products of cellular respiration by asking students to identify them.
	Students should identify carbon dioxide, water, energy and ATP as products of cellular respiration.
Products appear on the right side of the equation, after the arrow.

	Ask students what the chemical formula for carbon dioxide is.
	Students should respond with CO2.
Carbon dioxide consists of one carbon atom and 2 oxygen atoms.

	Ask students how many molecules of carbon dioxide are produced during cellular respiration.
	Students should respond with 6 molecules of carbon dioxide.

	Ask students what the chemical formula for water is.
	Students should respond with H2O.
Water consists of 2 hydrogen atoms and one oxygen atom.

	Ask students how many water molecules are produced during cellular respiration.
	Students should respond with 6 molecules of water.

	Direct students to the star shape in the cellular respiration diagram.
	This is ATP, the usable energy produced during cellular respiration.

	Construct the rest of the cellular respiration summary equation on the board.
	C₆H₁₂O₆ + 6O₂ à 6CO₂ + 6H₂O + energy

	Model by thinking aloud to read the equation describing the process of cellular respiration.
	· During cellular respiration, glucose reacts with oxygen. Chemical bonds break and rearrange, releasing the energy stored in glucose.
· The released energy is captured in a molecule called adenosine diphosphate (ADP) which is converted to ATP. ATP provides usable energy for cells to carry out important functions such as active transport, growth, repair, muscle contraction and protein synthesis. Other products include carbon dioxide and water.


Photosynthesis
1. Provide students with the Student resource – photosynthesis.
Explain that scientists often use diagrams and summary equations to represent complex biological processes, such as photosynthesis.
Use 3.2 PPT ‘Photosynthesis’ (2 slides) to define and model the steps of photosynthesis, the reactants and products, and how to represent the process using a summary equation while completing the student resource. Table 6 includes instructions and questions with responses to support teaching this process. Students can annotate and complete their student resource using the instructions and questions provided in the table or notes section of the slide. A sample response is given in the Sample response – student resource – photosynthesis.
Photosynthesis is a biochemical process that uses sunlight and chlorophyll to convert carbon dioxide and water into glucose and oxygen.
11. Check students’ understanding of photosynthesis using Check for understanding 3 (3.2 PPT). Show students slide 3.2 PPT ‘Check for understanding 3’, which includes the photosynthesis diagram and equation, along with questions. Ask students to use mini whiteboards or cold-call students to check their understanding of the photosynthesis process.
[bookmark: _Ref235521600]Table 6 – unpacking the summary equation of photosynthesis
	Instruction/question
	Information for students to respond to questions

	Direct students to the left-hand side of the equation (the reactants) and ask what they are. 
	Students should identify carbon dioxide and water as the reactants of photosynthesis.

	Review what carbon dioxide and water are.

	Carbon dioxide is a gas that plants absorb from the atmosphere. It provides the carbon atoms required to build glucose molecules during photosynthesis.
· Water is absorbed by plant roots and transported throughout the plant. It provides the hydrogen atoms required for photosynthesis and supports many cellular functions and biochemical reactions.

	Direct students to the sunlight and chlorophyll labelled above the arrow in the equation.
	Photosynthesis requires an energy source. Plants absorb light energy from the Sun, which is captured by the green pigment chlorophyll.
Chlorophyll is a pigment in plant cells that absorbs light energy required for photosynthesis.
Light is not a reactant because it does not become part of the products. Instead, it provides the energy needed for the process.

	Ask students what the products of photosynthesis are.
	Students should identify glucose and oxygen as products of photosynthesis.
The glucose produced is used as an energy source, released through cellular respiration, and as a building block for growth and repair.
Oxygen is released as a by-product of photosynthesis into the surrounding environment, where it becomes available for use in cellular respiration by other organisms. Without photosynthesis, the glucose required to produce ATP through cellular respiration would not be available, and the cellular activities that sustain life, including active transport, growth, repair, muscle contraction and protein synthesis, could not occur.

	Direct students to slide 2 of 2, specifically the reactants.
Ask students for the chemical formula for carbon dioxide and the number of molecules it contains.
	The reactants are carbon dioxide and water.
There are 6 molecules of CO2.

	Ask students what the chemical formula for water is and how many molecules it contains.
	Students should identify 6 molecules as H2O.

	Summarise the reactants of photosynthesis.
	Write 6CO2 + 6H2O on the board.
This means 6 carbon dioxide molecules react with 6 water molecules.

	Direct students back to light and chlorophyll to review their roles and why they are written above the arrow.
	· Light provides the energy for photosynthesis, and chlorophyll absorbs the light energy.
· Light is not listed as a reactant because it supplies energy for the process without being converted into matter. This is why it is written above the arrow.

	Review what the arrow in a chemical equation means by asking students.
	Students should be able to explain that the arrow means ‘produces’ or ‘yields’ and indicates that a chemical reaction is occurring. The arrow also indicates the direction of the reaction.

	Review the products of photosynthesis by asking students.
	Students should identify glucose and oxygen as the products of photosynthesis.

	Ask students for the chemical formulas of glucose and oxygen gas, and for the number of molecules of each produced in photosynthesis.
	Students should respond with one molecule of C₆H₁₂O₆ and 6 molecules of O2.

	Construct the remaining summary equation for photosynthesis on the board.
	6CO₂ + 6H₂O à (light, chlorophyll) C₆H₁₂O₆ + 6O₂

	Model by thinking aloud to read the equation describing the process of photosynthesis.
	· During cellular respiration, glucose reacts with oxygen. Chemical bonds break and rearrange, releasing the energy stored in glucose.
· The released energy is captured in a molecule called ATP (adenosine triphosphate), which provides usable energy for cells to carry out important functions such as active transport, growth, repair, muscle contraction and protein synthesis. Other products include carbon dioxide and water.


Consolidate
1. Show students the questions and diagrams on slide 3.2 PPT ‘Cellular respiration and photosynthesis’ (also shown in Figure 5) to independently consolidate their understanding of cellular respiration and photosynthesis by comparing the processes and referring to the reactants, products and purpose of each.
[bookmark: _Ref242790298]Figure 5 – consolidation activity for photosynthesis and cellular respiration
[image: A two-panel educational diagram compares photosynthesis and cellular respiration, showing molecular formulas and labelled reactants and products; photosynthesis uses 6 carbon dioxide and 6 water with light and chlorophyll to produce glucose and 6 oxygen, while cellular respiration uses glucose and 6 oxygen to release energy in the form of ATP and produce 6 carbon dioxide and 6 water.]
1. Guide a class discussion to check students’ understanding of the processes using the sample response.
Sample response
	Cellular respiration occurs in all living organisms and breaks down glucose with oxygen to release usable energy as ATP, producing carbon dioxide and water as by-products. 
In contrast, photosynthesis occurs only in plants and other photosynthetic organisms and uses carbon dioxide and water to produce glucose and oxygen, using light energy absorbed by chlorophyll. 
Cellular respiration releases energy stored in glucose to fuel cellular activities, whereas photosynthesis captures light energy and stores it in glucose for later use. Notably, the reactants of cellular respiration, glucose and oxygen, are the products of photosynthesis, and the reactants of photosynthesis, carbon dioxide and water, are the products of cellular respiration, meaning the 2 processes are opposite in both reactants and products.




[bookmark: _Student_resource_–_1][bookmark: _Ref229993225][bookmark: _Toc243065493]Student resource – cellular respiration
Instructions: use the cellular respiration diagram and the information provided by the teacher to answer the questions.
Figure 1 – a diagrammatic equation of the biochemical process of cellular respiration
[image: A visual representation of the cellular respiration summary equation, showing glucose and 6 oxygen producing 6 carbon dioxide, 6 water and energy in the form of ATP.]
This work has been generated using BioRender.com. Any copyright subsisting in this work is owned by © State of New South Wales (Department of Education) 2026.
1. Define ‘cellular respiration’.
	


Identify the reactants of cellular respiration.
	


Identify the products of cellular respiration.
	


Represent the process of cellular respiration as a summary equation and use it to describe the process.
	




[bookmark: _Sample_response_–_1][bookmark: _Ref229993439][bookmark: _Ref230000124]Sample response – student resource – cellular respiration
1. Define ‘cellular respiration’.
	Cellular respiration is the process by which a living organism or its cells break down organic molecules to release usable energy in the form of ATP.


Identify the reactants of cellular respiration.
	The reactants in cellular respiration are glucose (C₆H₁₂O₆) and oxygen (O₂).


Identify the products of cellular respiration.
	The products of cellular respiration are carbon dioxide (CO₂), water (H₂O) and ATP (usable energy). Glucose is broken down to produce carbon dioxide and water, while ATP provides energy for cellular processes.


Represent the process of cellular respiration as a summary equation and use it to describe the process.
	The summary equation for cellular respiration is:
C₆H₁₂O₆ + 6O₂              6CO₂ + 6 H₂O + energy
The summary equation shows that glucose reacts with oxygen to produce carbon dioxide, water and ATP. This means that during cellular respiration, cells use glucose and oxygen to release usable energy for cellular activities, while producing carbon dioxide and water as by-products.




[bookmark: _Student_resource_–_2][bookmark: _Toc243065494]Student resource – photosynthesis
Instructions: use the photosynthesis diagram and the information provided by the teacher to complete the questions.
Figure 1 – a diagrammatic equation of the biochemical process of photosynthesis
[image: A diagram representing photosynthesis, showing 6 carbon dioxide and 6 water using light and chlorophyll to produce glucose and 6 oxygen.]
This work has been generated using BioRender.com. Any copyright subsisting in this work is owned by © State of New South Wales (Department of Education) 2026.
1. Define ‘photosynthesis’.
	


Identify the reactants of photosynthesis.
	


Identify the products of photosynthesis.
	


Represent the process of photosynthesis as a summary equation and use it to describe the process.
	




[bookmark: _Sample_response_–_2][bookmark: _Ref230000183]Sample response – student resource – photosynthesis
1. Define ‘photosynthesis’.
	Photosynthesis is a biochemical process in which plants use light energy absorbed by chlorophyll to convert carbon dioxide and water into glucose and oxygen.


Identify the reactants of photosynthesis.
	The reactants in photosynthesis are carbon dioxide (CO₂) and water (H₂O).


Identify the products of photosynthesis.
	The products of photosynthesis are glucose (C₆H₁₂O₆) and oxygen (O₂). Glucose stores chemical energy, while oxygen is released into the environment.


Represent the process of photosynthesis as a summary equation and use it to describe the process.
	The summary equation for photosynthesis is:
6CO₂ + 6 H₂O ₂            (light, chlorophyll) C₆H₁₂O₆ + 6O
The summary equation shows that carbon dioxide and water are converted into glucose and oxygen using light energy absorbed by chlorophyll. During photosynthesis, plants absorb carbon dioxide and water and use sunlight to produce glucose, which can later be used in cellular respiration.




[bookmark: _Toc243065495]Teaching advice
Students often struggle to distinguish between energy and ATP when learning about cellular respiration. Clarify that energy is not a substance that cells absorb from the environment. Instead, cellular respiration converts the energy stored in glucose into ATP, which cells use as an immediate energy source. Students may also incorrectly believe that plants obtain their food from the soil. Reinforce that plants obtain water and mineral ions from the soil, but they produce their own glucose through photosynthesis, using carbon dioxide and water, with light energy absorbed by chlorophyll driving the process. When teaching the summary equations, emphasise that they represent the overall inputs and outputs of the process rather than every individual step within the cell.
Another area of difficulty is helping students understand the relationship between photosynthesis and cellular respiration. Students often view them as isolated processes rather than interconnected biochemical pathways. Clearly draw attention to the fact that the products of photosynthesis become the reactants of cellular respiration, and vice versa. This helps students recognise how matter cycles through living systems and prepares them for later learning about plant transport and ecosystem processes.
Background information
Cells rely on biochemical processes to obtain and store energy. Scientists use summary equations to represent these processes, showing the reactants (inputs) and products (outputs). Students are not required to understand detailed biochemical pathways at this stage. Instead, they should use equations to describe the overall process and identify the substances involved.
Checks for understanding
[bookmark: _Check_for_understanding_2][bookmark: _Ref230000093]Check for understanding 1 (3.2 PPT)
Figure 6 – the terms for students to match with their definition and chemical formula or image
[image: A screenshot of a checkpoint from a PowerPoint presentation where students match the terms ATP, carbon dioxide, glucose, oxygen and water with their definitions.]
Check for understanding 1 sample response
Figure 7 – the sample response aligning the term to the definition and its chemical formula or image
[image: A checkpoint table matching biological terms with their definitions and chemical formulas, including ATP, carbon dioxide, glucose, oxygen and water.]
[bookmark: _Check_for_understanding_3][bookmark: _Ref230000062]Check for understanding 2 (3.2 PPT)
Figure 8 – a diagram of the cellular respiration equation from Check for understanding 2
[image: A visual representation of the cellular respiration summary equation, showing glucose and 6 oxygen producing 6 carbon dioxide, 6 water and energy in the form of ATP.
]
This work has been generated using BioRender.com. Any copyright subsisting in this work is owned by © State of New South Wales (Department of Education) 2026.
Questions
1. What are the reactants and products of cellular respiration?
Use the equation above to write the summary equation and describe the process of cellular respiration.
Check for understanding 2 sample response
1. Reactants: glucose and oxygen. Products: carbon dioxide, water and ATP (energy).
1. C₆H₁₂O₆ + 6O₂	            6CO₂ + 6H₂O + energy. Cellular respiration is the process in which glucose reacts with oxygen to release usable energy in the form of ATP, producing carbon dioxide and water.
[bookmark: _Check_for_understanding_4][bookmark: _Ref230000198]Check for understanding 3 (3.2 PPT)
Figure 9 – a diagram and equation of photosynthesis from Check for understanding 3
[image: A diagram representing photosynthesis, showing 6 carbon dioxide and 6 water using light and chlorophyll to produce glucose and 6 oxygen.]
This work has been generated using BioRender.com. Any copyright subsisting in this work is owned by © State of New South Wales (Department of Education) 2026.
Questions
1. What are the reactants and products of photosynthesis?
What is the role of chlorophyll?
Use the equation above to write the summary equation and describe the process of photosynthesis.
Check for understanding 3 sample response
1. Reactants: carbon dioxide and water. Products: glucose and oxygen.
1. Chlorophyll absorbs light energy for photosynthesis.
1. 6CO₂ + 6H₂O            (light, chlorophyll) C₆H₁₂O₆ + 6O₂. Photosynthesis is the process in which plants use light energy absorbed by chlorophyll to convert carbon dioxide and water into glucose and oxygen.


[bookmark: _3.3_Enzymes_as][bookmark: _Ref235782942][bookmark: _Ref235783068][bookmark: _Toc243065496]3.3 Enzymes as catalysts (secondary-source investigation)
Students use the lock-and-key and induced-fit models to explain how enzymes interact with substrates.
Table 7 – learning intentions and success criteria
	We are learning:
	I can:

	to explain how enzymes enable biochemical processes needed for life
	define an ‘enzyme’, using examples
explain the role of enzymes in cells and why they are important
explain how enzymes increase the rate of reactions using an activation energy graph
explain the interaction between enzymes and specific substrates using the lock-and-key and induced-fit models

	to process information from secondary sources
	identify relevant key points in a text
extract and summarise information from a text and diagrams to respond to questions

	to use models and cause-and-effect relationships to explain phenomena and solve problems.
	explain cause-and-effect relationships between enzyme structure and function
use scientific models to explain the interaction between enzymes and substrates
apply models of enzyme–substrate interaction to explain how catalase acts on its substrate, hydrogen peroxide.


[bookmark: _Toc243065497]Lesson sequence instructions
Activate
1. Activate students’ prior knowledge of biochemical processes and enzymes using 3.3 PPT ‘Activating prior knowledge’ (2 slides), to help reactions occur quickly in cells.
Biochemical processes are a series of chemical reactions that occur in the cells of living organisms to sustain life, including metabolism, growth, repair and responses to the organism’s environment. 
Enzymes are what help the reactions within biochemical processes occur quickly inside cells.
If students are struggling to recall what a biochemical process is and the basic role of enzymes, refer to the content and resources in 3.1 Cell requirements for animals and plants (secondary-source investigation) to reteach.
Connect prior knowledge to students’ new learning by explaining that cells require thousands of reactions to occur quickly to stay alive. In this lesson sequence, students will learn about the role of enzymes as biological catalysts and the enzyme–substrate interactions that make this possible.
Core learning
The role of enzymes
1. Define an ‘enzyme’ as a biological catalyst that increases the rate of a chemical reaction using slide 3.3 PPT ‘What is an enzyme?’
Enzymes are usually proteins; they are highly specific; they speed up chemical reactions and are not used up in a reaction. 
Examples of enzymes include amylase, catalase, lactase and sucrase. Inform students that enzymes typically end in the suffix -ase; however, some end in -in, such as pepsin and trypsin, while others are named for their function, such as lysozyme.
Essential reactions such as digestion and metabolism would occur too slowly to sustain life without enzymes. Similarly, in plants, enzymes speed up vital chemical reactions required for survival, including photosynthesis and nutrient breakdown.
27. Check students’ understanding of what an enzyme is using Check for understanding 1 (3.3 PPT). Display the question on the board using slide 3.3 PPT ‘Check for understanding 1’ and ask students to indicate their response using mini whiteboards or a show of hands.
Provide students with the Student resource – the role of enzymes.
Through guided or independent practice, have students engage with the text to select the key points and summarise the information to construct responses to the comprehension questions.
Guide a class discussion of the completed student resource to check students’ understanding of the role of enzymes in cells, highlighting the following:
Enzymes are biological catalysts that increase the rate of chemical reactions in cells by lowering the activation energy required for reactions to proceed.
Enzymes are essential because they enable important cellular processes, such as digestion, respiration, growth and repair, to proceed quickly enough to support life.
Without enzymes, biochemical reactions would proceed too slowly at body temperature, meaning cells would not obtain enough nutrients or energy to function effectively.
Check students' understanding of the role of enzymes in cells using Check for understanding 2 (3.3 PPT). Using slide 3.3 PPT ‘Check for understanding 2’, display the question on the board and ask students to indicate their responses by cold-calling.
Enzyme–substrate interaction
1. Explain to students that they will now learn about enzyme specificity and how enzymes work on specific substrates by studying the models of the interaction between enzymes and substrates.
Define key terms that students will need to understand for this activity using slide 3.3 PPT ‘3.3 Defining key terms’. 
Enzyme: a biological catalyst that increases the rate of a chemical reaction.
Substrate: the specific reactant molecule on which an enzyme acts.
Active site: the region of the enzyme where the substrate molecule binds. This is specific to a particular substrate. 
Products (enzyme–substrate interaction): the substances formed as a result of an enzyme-catalysed reaction.
Enzyme–substrate specificity: an enzyme's ability to selectively recognise, bind to and catalyse a reaction with a specific substrate.
Explain to students that scientists cannot directly observe enzyme interactions in real time with the naked eye, so they use scientific models to explain what is likely happening. To explain enzyme–substrate interactions, scientists use the lock-and-key and induced-fit models.
Provide students with the Student resource – models for the interaction between enzymes and substrate.
Use slide 3.3 PPT ‘Lock and key model’ and Table 8 to demonstrate how the lock-and-key model explains the interaction between the enzyme and substrate. Students complete the student resource as the teacher explains the model.
[bookmark: _Ref240377821]Table 8 – explanation of the lock-and-key-model
	Teacher action
	Explanation

	Point out the location of the enzyme, substrate, active site (where substrate binds) and products.
	In this model, the enzyme is the lock, and the substrate is the key.

	Point out the first image showing the enzyme and the substrate entering the active site.
	In this image, the substrate (green shape) moves towards the enzyme’s active site. 
The enzyme has a specifically shaped active site where the reaction occurs, and the substrate has a shape that matches the active site. Only substrates with a complementary shape can bind.

	Draw students’ attention to the second image, the enzyme–substrate complex.
	In this image, the substrate binds to the enzyme’s active site, forming an enzyme–substrate complex. 
The substrate has now successfully attached to the active site because the shapes are complementary.
This interaction helps explain how enzymes lower activation energy and speed up reactions.

	Draw students’ attention to the third image, the enzyme/products complex.
	This image shows the reaction occurring while the substrate is attached.
The substrate is chemically converted into products (blue and orange shapes). 
The enzyme helped the reaction to occur, but it was not used up.

	Point out the final image on the far right, the enzyme with products leaving the active site.
	The products leave the active site, and the enzyme remains unchanged and reusable.
The enzyme can now catalyse another reaction.
The enzyme catalysed the reaction without being used up. This connects back to why enzymes are efficient in cells; they can be used again and again.

	Provide a summary of the overarching model by looking at the lock-and-key images holistically.
	In the lock-and-key model, the active site has a fixed shape, so enzymes are specific and only certain substrates can bind.
This model helps explain why enzymes are highly specific. If the shape does not match, the substrate cannot bind and the reaction will not occur.


Model the thinking needed when outlining a limitation of the model. Inform students that scientists later found enzymes are not completely rigid, so the lock-and-key model oversimplifies enzyme action and led to the development of the induced fit model.
Check students’ understanding of the interaction between an enzyme and a substrate in the lock-and-key model using Check for understanding 3 (3.3 PPT). Using slide 3.3 PPT ‘Check for understanding 3’, display the question on the board and ask students to indicate their response using mini whiteboards or a show of hands.
Use slide 3.3 PPT ‘Induced fit model’ and Table 9 to explain how the induced fit model explains the interaction between the enzyme and substrate. Students complete the student resource as the teacher explains the model.
[bookmark: _Ref240378764]Table 9 – explanation of the induced fit model
	Teacher action
	Explanation

	Point out the first image showing the enzyme and the substrate entering the active site.
	In this image, the substrate (green shape) moves towards the enzyme’s active site but has not yet bound.
Unlike the lock-and-key model, the active site is not considered completely rigid in the induced-fit model. 

	Draw students’ attention to the second image, the enzyme–substrate complex.
	Here, the substrate binds to the enzyme’s active site, forming an enzyme–substrate complex. 
Notice that the enzyme slightly changes shape around the substrate. This is the key feature of the induced fit model. The enzyme moulds around the substrate to improve the fit. 

	Draw students’ attention to the third image, the enzyme/products complex.
	This is where the reaction occurs. The substrate is chemically converted into products.
At the same time, the substrate remains bound to the enzyme.

	Point out the final image on the far right, the enzyme with products leaving the active site.
	In this image, the products leave the active site, and the enzyme returns to its original shape, ready to be reused.

	Provide a summary of the overarching model by looking at the lock-and-key images holistically.
Compare the induced fit model to the lock-and-key model.
	In the induced fit model, the enzyme’s active site is flexible and changes shape slightly upon substrate binding. Reinforce that the enzyme changes shape, not the substrate.
The improved fit helps position molecules correctly, lowering the activation energy and enabling enzymes to speed up reactions.
While the older lock-and-key model remains useful for understanding basic enzyme specificity, the induced-fit model is more accurate because it accounts for the flexibility of the enzyme’s shape, which can change when the substrate binds to the active site. This reshaping allows the enzyme to strain chemical bonds in the substrate, significantly lowering the activation energy required for the reaction to occur.


Check students’ understanding of the interaction between enzyme and substrate in the lock-and-key model using Check for understanding 4 (3.3 PPT). Using slide 3.3 PPT ‘Check for understanding 4’, display the question on the board and ask students to indicate their response using mini whiteboards or a show of hands.
Consolidate
1. Provide students with the Student resource – the interaction between an enzyme and specific substrate.
1. To consolidate students' understanding of the interaction between an enzyme and a substrate in the 2 models, provide students with information about an enzyme and a specific substrate in the student resource, and ask them to independently explain the interaction between the enzyme and substrate in both models.
1. To check students’ understanding of the completed resource and provide feedback, guide a class discussion using the Sample response – student resource – the interaction between an enzyme and specific substrate.

[bookmark: _Student_resource_–_3][bookmark: _Ref230074763][bookmark: _Toc243065498]Student resource – the role of enzymes
Instructions: engage with the text to extract and summarise key points to respond to the questions about the role of enzymes.
Why do cells need enzymes?
Cells constantly carry out biochemical processes, which are a series of chemical reactions needed to maintain life. These reactions allow organisms to digest food, release energy, grow and repair damaged tissues. However, many chemical reactions occur too slowly at normal body temperature to support life. If reactions in cells occurred naturally without help, organisms would not obtain energy or nutrients quickly enough to survive.
This is where enzymes are important. An enzyme is a biological catalyst that speeds up chemical reactions. Enzymes are usually proteins and help reactions proceed quickly enough for cells to function efficiently. One reason enzymes are important is that every chemical reaction requires a certain amount of energy to begin. This is called activation energy.
	Figure 1 – a graph showing activation energy with and without an enzyme
[image: A graph comparing activation energy for a reaction with and without an enzyme, showing that the enzyme lowers the activation energy needed for the reaction to occur.]
Activation2 updated-fr by Jerry Crimson Mann, licensed under CC BY-SA 4.0.
	In Figure 1, the red line shows a reaction occurring without an enzyme. Notice that the energy ‘hill’ is much higher. This means the reaction requires much more activation energy to begin.
The blue line shows the same reaction occurring with an enzyme. The activation energy is lower, so the reaction can start more easily and proceed faster. Importantly, the enzyme does not provide energy; instead, it lowers the energy required to start the reaction. Reaction coordinate diagrams like this illustrate the difference in activation energy between catalysed and uncatalysed reactions.


This is important for living organisms because cells operate at relatively low temperatures (around 37°C in humans). Without enzymes, numerous reactions would require too much energy or proceed too slowly to support life. For example, digestion involves numerous chemical reactions that break down large food molecules into smaller nutrients that cells can absorb. Without enzymes, digestion would proceed far too slowly for organisms to obtain nutrients efficiently.
Enzymes are also essential during cellular respiration, the process that releases energy from glucose. Cells need energy for movement, growth, active transport and maintaining stable internal conditions. Enzymes ensure energy is released quickly enough to support these life processes. In addition, enzymes help cells build and repair tissues. Many reactions involved in protein production and repairing damaged cells depend on enzymes to proceed efficiently.
Importantly, enzymes are not consumed during reactions. Once an enzyme helps a reaction occur, it can be reused many times. This makes enzymes highly efficient because cells do not need to replace them constantly. Overall, enzymes are essential because they ensure biochemical reactions occur fast enough to meet the needs of living cells.
Comprehension questions
1. Explain the role of enzymes in cells using at least 2 examples.
	


Using the activation energy graph, explain how enzymes increase the rate of chemical reactions.
	


Why are enzymes important to the survival of living organisms?
	




[bookmark: _Ref230082686]Sample response – student resource – the role of enzymes
Comprehension questions
1. Explain the role of enzymes in cells using at least 2 examples.
	Enzymes increase the rate of biochemical reactions in cells, ensuring important processes occur quickly enough for survival. For example, enzymes aid digestion by breaking down food into nutrients, help release energy from glucose during respiration and support growth and repair in cells.


Using the activation energy graph, explain how enzymes increase the rate of chemical reactions.
	The graph shows that reactions with enzymes require less activation energy than those without enzymes. The catalysed reaction has a lower energy peak, meaning reactions can begin more easily and occur faster.


Why are enzymes important to the survival of living organisms?
	Enzymes are important because many reactions would occur too slowly without them. They help important processes such as digestion, respiration and repair proceed quickly enough to meet the needs of cells.




[bookmark: _Student_resource_–_4][bookmark: _Toc243065499]Student resource – models for the interaction between enzymes and substrate
Instructions: explain the lock-and-key and induced-fit models once the teacher unpacks them.
Lock-and-key model
Figure 1 – a diagram of the lock and key model
[image: A 4-stage diagram showing an enzyme interacting with a substrate, forming an enzyme–substrate complex, converting the substrate into products and releasing the products from the active site.]
Two substrates by lgrimm12, licensed under CC BY-SA 4.0.
Explain the ‘lock-and-key model’.
	


Induced-fit model
Figure 2 – a diagram of the induced-fit model
[image: A 4-stage diagram showing an enzyme and substrate forming an enzyme–substrate complex, the enzyme changing shape to fit the substrate, the substrate converting into products and the products leaving the active site.]
Two substrates b by Mcyjerry, licensed under CC BY-SA 4.0
Explain the ‘induced-fit model’.
	




[bookmark: _Ref230092558][bookmark: _Ref230092442]Sample response – student resource – models for the interaction between enzymes and substrate
Explain the ‘lock-and-key model’.
	The ‘lock-and-key model’ explains enzyme–substrate interactions by depicting the enzyme’s active site as a rigid shape complementary to a specific substrate. The substrate binds to the active site because their shapes match exactly, forming an enzyme–substrate complex. This model shows that only specific substrates bind to an enzyme, explaining enzyme specificity. After binding, the substrate is converted into products and released, while the enzyme remains unchanged.


Explain the ‘induced-fit model’.
	The ‘induced fit model’ explains enzyme–substrate interactions by showing that the enzyme’s active site is flexible rather than rigid. As the substrate approaches the active site, the enzyme changes shape slightly to mould around it, improving the fit and forming an enzyme–substrate complex. This interaction helps the enzyme bind more effectively to its specific substrate and explains how enzymes facilitate reactions. After the reaction occurs, the products leave, and the enzyme returns to its original shape.




[bookmark: _Student_resource_–_5][bookmark: _Ref239167982][bookmark: _Toc243065500]Student resource – the interaction between an enzyme and specific substrate
Instructions: apply your understanding of the models of enzyme–substrate interaction to the example below.
Amylase and starch
Amylase, an enzyme in saliva and the small intestine, aids food digestion. It breaks down starch, a large carbohydrate found in foods such as bread, pasta and potatoes, into smaller sugar molecules. Amylase only acts on starch because its active site is specific to the shape of starch molecules.
1. Using the lock and key model, explain how amylase interacts with starch.
	


Using the induced fit model, explain how amylase interacts with starch.
	




[bookmark: _Sample_response_–_3][bookmark: _Ref230092593][bookmark: _Ref230092629]Sample response – student resource – the interaction between an enzyme and specific substrate
Amylase and starch
Amylase, an enzyme in saliva and the small intestine, aids food digestion. It breaks down starch, a large carbohydrate found in foods such as bread, pasta and potatoes, into smaller sugar molecules. Amylase only works on starch because its active site is specific to the shape of starch molecules.
1. Using the lock and key model, explain how amylase interacts with starch.
	The lock-and-key model explains that amylase has a specific active-site shape that complements starch. Starch can bind to the active site because their shapes match, forming an enzyme–substrate complex. Proteins do not bind because they lack the correct shape.


Using the induced fit model, explain how amylase interacts with starch.
	The induced-fit model explains that when starch approaches amylase, the enzyme’s active site changes shape slightly to mould around the starch and improve the fit. This forms an enzyme–substrate complex, which helps the reaction proceed efficiently. After the products are released, the enzyme returns to its original shape.




[bookmark: _Toc243065501]Teaching advice
Students may develop the misconception that enzymes provide energy for chemical reactions. When discussing activation energy diagrams, emphasise that enzymes do not add energy to reactions. Instead, they lower the activation energy required for a reaction to begin. This allows reactions to proceed rapidly at normal cellular temperatures. It can also help distinguish enzymes from reactants, as students may incorrectly assume enzymes are used up during reactions because they participate in the process. Reinforce that enzymes remain unchanged and can be reused many times.
When introducing enzyme–substrate interaction models, students may overgeneralise the lock-and-key model and assume enzymes are completely rigid. Clearly explain that the lock-and-key model is a useful simplification for understanding enzyme specificity, but the induced-fit model is now more widely accepted because evidence shows enzymes are flexible molecules. Students also commonly believe that the substrate changes shape to fit the enzyme. Reinforce that the enzyme's active site changes shape slightly around the substrate, improving the fit and lowering the activation energy. This understanding helps explain why enzymes are highly specific and effective biological catalysts.
Background information
Enzymes are proteins that act as biological catalysts, speeding up chemical reactions in living organisms without being consumed. They are essential for processes such as digestion, respiration and cellular function. Each enzyme acts on a specific substance called a substrate, which binds to a specific region of the enzyme called the active site. This interaction forms an enzyme–substrate complex, in which the substrate is converted into products. Enzymes are highly specific, meaning only certain substrates can bind to an enzyme due to the shape of its active site.
Scientists use models to explain how enzymes interact with substrates. The lock-and-key model describes the enzyme’s active site as rigid and complementary to its substrate. In this model, only substrates with the correct shape can fit into the active site, which helps explain enzyme specificity. However, scientists later found evidence that enzymes are not completely rigid, so this model oversimplifies enzyme action.
The induced-fit model, which is more widely accepted, explains that the enzyme’s active site is flexible rather than fixed. When a substrate approaches, the enzyme changes shape slightly to mould around the substrate and improve the fit. This helps explain how enzymes facilitate reactions more efficiently. A useful example is amylase, an enzyme in saliva that breaks down starch during digestion, demonstrating how enzymes interact with specific substrates to carry out important biological processes.
Checks for understanding
[bookmark: _Check_for_understanding_5][bookmark: _Ref230072714]Check for understanding 1 (3.3 PPT)
Which statement best describes an enzyme?
A. A substance that is used up in reactions to make them faster.
B. A protein that speeds up reactions by lowering activation energy.
C. A carbohydrate that provides energy for reactions.
D. A molecule that slows down chemical reactions.
Check for understanding 1 sample response
Table 10 – check for understanding sample answer and explanation
	Response
	Correct/
Incorrect
	Explanation

	A
	Incorrect
	Enzymes are not used up in reactions; they remain unchanged and can be reused many times. Students often choose this because they may associate ‘being involved in a process’ with being consumed, like fuel or reactants.

	B
	Correct
	N/A

	C
	Incorrect
	Enzymes are proteins, not carbohydrates, and they do not provide energy for reactions. Students often select this because of the common misconception that all biological energy comes from carbohydrates such as glucose.

	D
	Incorrect
	Enzymes increase the rate of chemical reactions rather than slow them down. Students may choose this if they confuse ‘controlling reactions’ with slowing them down, or if they are thinking about inhibitory processes rather than enzyme action.


[bookmark: _Check_for_understanding_6][bookmark: _Ref230075360]Check for understanding 2 (3.3 PPT)
‘Enzymes are important because they give cells energy’. 
What is scientifically wrong with this statement?
Check for understanding 2 sample response
Enzymes do not provide energy to reactions or serve as a source of energy for cells. Instead, they lower the activation energy, meaning less energy is required for a reaction to begin, allowing reactions to occur more easily and quickly at body temperature.
[bookmark: _Check_for_understanding][bookmark: _Ref230090648]Check for understanding 3 (3.3 PPT)
In the lock-and-key model, enzyme specificity is best explained by:
A. The enzyme changes shape to fit any substrate.
B. The substrate changes shape to match the enzyme.
C. Only a correctly shaped substrate fits the active site.
D. All substrates can fit any enzyme.
Check for understanding 3 sample response
Table 11 – check for understanding sample answer and explanation
	Response
	Correct/
Incorrect
	Explanation

	A
	Incorrect
	This describes the induced-fit model, not the lock-and-key model. Students may already have heard of the induced-fit model and confused it with the lock-and-key model.

	B
	Incorrect
	Substrates do not actively reshape themselves in this model. Students may have misinterpreted the word ‘match’ as something that changes.

	C
	Correct
	N/A

	D
	Incorrect
	This response contradicts enzyme specificity entirely. Students may have overgeneralised enzymes as ‘general catalysts’.


[bookmark: _Check_for_understanding_7][bookmark: _Ref239167910]Check for understanding 4 (3.3 PPT)
In the induced-fit model, what happens when the substrate binds to the enzyme?
A. The enzyme is destroyed.
B. The active site changes shape to fit the substrate better.
C. The substrate becomes an enzyme.
D. Nothing changes in the enzyme or substrate.
Check for understanding 4 sample response
Table 12 – check for understanding sample answer and explanation
	Response
	Correct/
Incorrect
	Explanation

	A
	Incorrect
	Enzymes are not used up or broken down during reactions. Students may confuse enzymes with reactants that are ‘used up’. They may also have overinterpreted ‘change shape’ as the permanent destruction of the enzyme.

	B
	Correct
	N/A

	C
	Incorrect
	Substrates are transformed into products, not enzymes. Students may have confused substrate-to-product transformation with the substrate becoming an enzyme.

	D
	Incorrect
	This response describes a static lock-and-key model, not induced fit. Students may have carried over some of this information from learning the lock-and-key model and missed the idea that the enzyme changes shape during substrate binding at the active site.




[bookmark: _3.4_Factors_that][bookmark: _Ref235783093][bookmark: _Toc243065502]3.4 Factors that influence enzyme efficiency (practical investigation)
Students are introduced to factors that can influence enzyme efficiency, then plan and conduct a laboratory experiment to determine the effect of temperature on catalase efficiency.
Table 13 – learning intentions and success criteria
	We are learning:
	I can:

	to explain how enzymes enable biological processes needed for life
	outline factors that can impact enzyme efficiency, such as temperature, pH and substrate concentration
explain the effect of temperature on enzyme efficiency

	to plan laboratory experiments
	construct an appropriate equipment list and procedure for an experiment
outline what a quality equipment list and procedure look like using quality criteria

	to conduct safe laboratory experiments
	define ‘safe work practice’, ‘hazard’, ‘risk’ and ‘risk assessment’
follow safe work practices and manage risks to conduct the experiment safely

	to process quantitative data from a laboratory experiment
	apply a quantitative process to the collected data to calculate the mean
construct a table to organise and collate data
construct an appropriate graph (scatter plot) to represent the experimental data
outline what makes a quality table and scatter plot using quality criteria 

	to analyse primary data from a laboratory experiment.
	interpret data and information to explain the results of the experiment
analyse a graph to construct an evidence-based conclusion about the impact of temperature on catalase efficiency using Claim, Evidence, Reasoning (CER).


[bookmark: _Toc243065503]Lesson sequence instructions
Activate
1. Activate students’ prior knowledge of the role of enzymes in cells and how they work using slide 3.4 PPT ‘3.4 Activating prior knowledge’. Project the slide on the board and have students respond on mini whiteboards. The questions and sample responses are in Table 14.
[bookmark: _Ref239168493]Table 14 – activating prior knowledge questions and their sample responses
	Question
	Sample response

	Define an ‘enzyme’.
	An enzyme is a biological catalyst that increases the rate of a chemical reaction.

	Explain the role of enzymes in cells.
	Enzymes speed up biochemical reactions in cells, enabling important processes such as digestion, respiration and repair to occur quickly enough to sustain life.

	What is a substrate?
	A substrate is the specific reactant molecule that an enzyme acts upon.

	What role does the active site serve?
	The active site is the enzyme region where the substrate binds and where the reaction happens.

	Explain why enzymes are specific to certain substrates.
	Enzymes are specific because the active site has a specific shape that only complementary substrates can bind to.


For students who may not recall the prior knowledge, refer to the previous lesson sequence, 3.3 Enzymes as catalysts (secondary-source investigation) to reteach required concepts.
Connect students’ prior knowledge to their new learning by explaining that they have learned about the importance of enzymes because they help biochemical reactions happen quickly and that enzymes interact with specific substrates at the active site. Explain that enzymes do not consistently work at the same rate. Scientists have found that different environmental conditions can affect how efficiently enzymes work by influencing enzyme–substrate interactions. Over the next few lessons, students will investigate some of these factors.
Core learning
How can enzyme efficiency be impacted?
Note: when referring to enzyme efficiency in these resources, we mean measuring the rate of reaction or the time taken for a reaction to reach completion. This differs from enzyme efficiency in the literature, which assesses how well a biological catalyst converts substrates into products. It is quantified by the ratio of the number of substrate molecules transformed into product by a single enzyme per unit of time to the substrate concentration at which the enzyme operates at half its maximum speed. This goes beyond what Year 11 students are expected to know.
The 11–12 Biology Syllabus (2025) refers to both enzyme efficiency and enzyme activity, which share the same underlying concept: how well an enzyme functions under given conditions. If students ask why both terms are used, acknowledge that the syllabus uses both and clarify that they refer to the same underlying concept.
In this lesson, students are introduced to the factors that affect enzyme efficiency. In this and subsequent lesson sequences, students will plan and conduct laboratory experiments and analyse graphs showing the impact of temperature, pH and substrate concentration on the efficiency of a specific enzyme.
1. Provide students with the Student resource – factors that impact enzyme activity (efficiency).
Engage with the text in the student resource as a class. Through independent practice, ask students to extract key points from the text then summarise them to respond to the questions in the student resource.
Guide a class discussion of the student resource using the Sample response – student resource – factors that impact enzyme activity (efficiency) to check students’ understanding, highlighting the following:
Enzymes have a specific range of conditions in which their activity is highest, known as optimal conditions. Conditions outside this optimum range can reduce successful enzyme–substrate interactions and lower the reaction rate.
Enzymes have a specifically shaped active site where substrates bind. Only substrates with a complementary shape can bind successfully, which explains why enzymes are highly specific.
At low temperatures, enzyme and substrate particles move slowly, resulting in fewer successful collisions with the active site and a slower reaction rate. As temperature increases, collisions become more frequent, increasing successful binding and enzyme activity up to an optimum temperature. Above this optimum, enzymes may denature, causing the active site to change shape so substrates can no longer bind effectively.
Each enzyme has an optimum pH at which the active site maintains its correct shape. Conditions that are too acidic or too alkaline can alter the enzyme’s structure, changing the active site and reducing successful enzyme–substrate binding. Extreme pH conditions may cause denaturation, preventing the substrate from fitting properly.
At low substrate concentrations, fewer substrate molecules are available to collide with enzyme active sites, resulting in slower reaction rates. As substrate concentration increases, more active sites become occupied, and enzyme activity increases. Eventually, all active sites become saturated, so the reaction rate levels off because no more substrate can bind at once.
Check students’ understanding of how enzyme efficiency is impacted when conditions become too extreme using Check for understanding 1 (3.4 PPT). Using slide 3.4 PPT ‘Check for understanding 1’, display the question on the board and ask students to respond using mini whiteboards or a show of hands.
The impact of temperature on enzyme efficiency
Note: experimental design to measure the dependent variable for catalase efficiency varies in this lesson sequence, in 3.5 Impact of substrate concentration on enzyme efficiency (practical investigation) and in the assessment task. This has been done intentionally to demonstrate different ways to collect experimental data for catalase efficiency experiments. Should this not suit your context, select the most appropriate method of measuring catalase efficiency and use that consistently.
Preparing for the activity
Prepare and order the materials in advance for the laboratory experiment. The entire equipment list is in the Sample response – student resource – the impact of temperature on catalase efficiency. Order enough equipment for the class size. Preparation for this task includes:
Cut equal-sized potato cylinders using a cork borer (approximately 1 cm diameter and 2 cm length) on a cutting board. Trim each potato cylinder to ensure uniform size, then blot dry with a paper towel to remove excess moisture.
Prepare water baths or large beakers (for 5°C, 20°C, 35°C, 50°C and 65°C conditions).
Note: rather than having students conduct 5 trials for each temperature, have them conduct one trial for each temperature condition and collate the data as a class. The teacher will model the procedure or co-construct it as a class, so students should follow the same procedure.
Facilitating the activity
1. Introduce students to the enzyme and substrate in this experiment by defining catalase and outlining its role in speeding up the breakdown of hydrogen peroxide in cells, using slide 3.4 PPT ‘Catalase and hydrogen peroxide’.
Catalase, an enzyme present in nearly all living cells, accelerates the breakdown of hydrogen peroxide, a toxic waste product of metabolism.
The equation summarising the reaction that occurs is:
Hydrogen peroxide → Water + Oxygen gas
2H2O2 → 2H2O2 + O2
Hydrogen peroxide naturally breaks down to water and oxygen, but very slowly. The catalase enzyme in yeast and other materials, such as potato and liver, speeds up the reaction greatly.
1. Check students’ prior knowledge of what makes a quality equipment list and procedure for a laboratory experiment through a class discussion. Questions and sample student responses are in Table 15.
[bookmark: _Ref239948621]Table 15 – sample questions and responses to activate prior knowledge about equipment lists and procedures
	Question
	Sample response

	What does a quality material list look like for a laboratory experiment?
	Answers may vary but could include a list with dot points, the quantity and size of items and all relevant equipment.

	Before conducting a valid scientific investigation, what makes a scientific procedure effective and repeatable?
	Answers may vary but could include clear, logical, sequential steps that start with a verb; precise measurements, controlled variables, specific equipment and the ability for another scientist to repeat it.


Explain to students that they will be planning and conducting a laboratory experiment to examine the impact of an environmental factor on enzyme efficiency, specifically catalase.
Provide students with the Student resource – the impact of temperature on catalase efficiency and briefly discuss the quality criteria for an equipment list (Table 1) and procedure (Table 2).
Explain that the independent variable in this experiment is temperature, and the dependent variable is enzyme efficiency, indicated by the height of the bubbles. As catalase breaks down hydrogen peroxide, it produces oxygen gas (O₂). The oxygen becomes trapped in bubbles and foam, so more bubbles indicate more oxygen produced, reflecting greater catalase efficiency and activity. Controlled variables include the concentration of hydrogen peroxide, the amount of hydrogen peroxide, the amount of enzyme, reaction time and pH.
Note: alternative ways to measure the dependent variable include measuring the volume of oxygen gas produced (mL) using a gas syringe (this will be unpacked in the next lesson sequence, 3.5 Impact of substrate concentration on enzyme efficiency) or using a digital gas sensor or oxygen probe to measure oxygen concentration (%) (this method is used in the assessment task), ensuring that the container is sealed to prevent oxygen gas from escaping.
Model through a think-aloud or jointly construct the equipment list and procedure in the Student resource – the impact of temperature on catalase efficiency. Guide the class in using the quality criteria in Table 1 and Table 2 of the student resource to provide feedback on and improve their equipment list and procedure.
Check students’ understanding of writing a procedure using Check for understanding 2 (3.4 PPT). Using slide 3.4 PPT ‘Check for understanding 2’, display the question on the board and ask students to indicate their responses on mini whiteboards to improve the experimental procedure.
Explain the risk assessment in Table 3 of the student resource and outline how students can apply safe work practices and manage risks during their experiment.
Check students’ prior knowledge of tabulating and graphing data collected from a laboratory experiment through a discussion. Questions and sample student responses are provided in Table 16.
[bookmark: _Ref239169197]Table 16 – sample questions and responses to activate prior knowledge about tabulating and graphing data
	Question
	Sample response

	Why do scientists tabulate and graph data from experiments?
	Scientists use tables to organise raw data (collected from their experiments) and calculate the mean. Graphs are a useful way to represent data visually. This makes it easier to describe relationships between variables and identify trends and patterns. Different types of graphs suit different types of data.

	What makes a quality table?
	Responses may vary but could include that the table needs to be enclosed with ruled sides, include headings for each row and column (including appropriate units) and include all raw and processed data (multiple trials from the experiment and the calculated mean).

	What makes a quality graph?
	Responses may vary, but could include a descriptive title, the appropriate graph for the data type, the independent variable on the x-axis and the dependent variable on the y-axis, an appropriate scale and accurate data plotting.


If required, show students slide 3.4 PPT ‘Quality criteria – table’ and slide 3.4 PPT ‘Quality criteria – scatter plot’ to support their understanding of a quality table and scatter plot.
Direct students to the results section in the Student resource – the impact of temperature on catalase efficiency. 
Model the thinking behind or jointly construct the table to collect data from the laboratory experiment. An annotated example using the quality criteria has been given in slide 3.4 PPT ‘Annotated table for experiment’, and a sample response is given in the Sample response – student resource – the impact of temperature on catalase efficiency.
Differentiation: 3.4 PPT ‘Table scaffold’ (2 slides) provides varied levels of scaffolds to support students who may have difficulty constructing quality tables.
Direct students to gather equipment, follow safe work practices, and manage risks to conduct the planned procedure and collate the data as a class. After finishing the experiment, ask students to tidy up and put away all equipment.
Differentiation: if required, use slide 3.4 PPT ‘Calculating the mean’ to support students in applying quantitative methods to calculate the mean for each treatment group.
Model the steps needed or jointly construct the scatter plot with the curve of best fit for the mean data. An annotated example using the quality criteria is provided in slide 3.4 PPT ‘Annotated sample graph’, and a sample response has been given in the Sample response – student resource – the impact of temperature on catalase efficiency.
Direct students to the ‘Conclusion scaffold’ in the student resource and model how to use Claim, Evidence, Reasoning (CER) to interpret data and information to construct an evidence-based conclusion. A sample response is provided on slide 3.4 PPT ‘Claim, Evidence, Reasoning (CER)’, slide 3.4 PPT ‘Writing an evidence-based conclusion’ and in the Sample response – student resource – the impact of temperature on catalase efficiency.
Conclude the experiment by explaining the following to students:
Catalase activity increased with temperature up to an optimum of approximately 35°C, then decreased at higher temperatures.
Catalase has an optimum temperature close to 37°C because it is an enzyme found in living cells and functions most efficiently at temperatures similar to the internal body temperature of many organisms.
During normal cellular processes, cells produce hydrogen peroxide (H₂O₂) as a waste product. Hydrogen peroxide is toxic because it is a reactive substance that can damage proteins, cell membranes and DNA if it accumulates. Without catalase, hydrogen peroxide would break down into water and oxygen, but too slowly to prevent toxic build-up and protect the cell from damage. Catalase plays a vital role by rapidly breaking hydrogen peroxide down into water and oxygen, fast enough to prevent harmful build-up and maintain healthy cell function. This illustrates the essential role of enzymes as biological catalysts; they increase reaction rates, enabling reactions that would otherwise proceed too slowly to sustain life.
Check students’ understanding of the impact of temperature on catalase efficiency using Check for understanding 3 (3.4 PPT). Using slide 3.4 PPT ‘Check for understanding 3’, display the question on the board and ask students to indicate their responses using mini whiteboards or a show of hands.
[bookmark: _Ref230252267]Consolidate
1. Use slide 3.4 PPT ‘Which environment works best?’ to present 3 environments to students: a refrigerator (5°C), the human body (37°C) and a hot environment (60°C) and questions, shown in Figure 10.
[bookmark: _Ref239243017]Figure 10 – consolidation activity
[image: An educational worksheet titled ‘Which environment works best?’ asks students to compare catalase activity at 5°C, 37°C and 60°C, rate enzyme efficiency as low, medium or high, and explain the effects of temperature, particle movement, active sites and denaturation.]
1. Ask students to work in pairs to decide where catalase would work best. For each scenario, students should identify the relative enzyme efficiency (low, medium, high) and explain why, using their knowledge of enzymes.
1. Facilitate a guided class discussion using the sample response to check students’ understanding of how temperature affects catalase efficiency.
Sample response
A refrigerator (5°C)
Enzyme efficiency: low.
At low temperatures, catalase and hydrogen peroxide molecules have less kinetic energy, leading to fewer successful collisions at the active site. The enzyme remains functional, but the reaction rate drops significantly because molecules move more slowly.
Human Body (37°C)
Enzyme efficiency: high.
Catalase works most efficiently at around 37°C, which is close to normal human body temperature. At this temperature, particles have sufficient kinetic energy for frequent, successful collisions, allowing rapid formation of enzyme–substrate complexes. The active site retains its shape, enabling optimal catalytic activity and the rapid breakdown of hydrogen peroxide into water and oxygen.
Hot Environment (60°C)
Enzyme efficiency: low (near zero).
At high temperatures, catalase begins to denature. Heat disrupts the bonds that maintain the enzyme’s 3-dimensional structure, altering the active site’s shape. As a result, hydrogen peroxide can no longer bind effectively, leading to a sharp decrease in enzyme activity or a complete loss of function.
Conclusion
Catalase works best in the human body because it is adapted to function at an internal temperature of approximately 37°C, where its structure and collision frequency are optimised for maximum efficiency.

[bookmark: _Student_resource_–_6][bookmark: _Ref231885535][bookmark: _Toc243065504]Student resource – factors that impact enzyme activity (efficiency)
Instructions: as a class, engage with the text on factors that affect enzyme activity to respond to the questions.
Factors that affect enzyme activity (efficiency)
Enzymes are biological catalysts that help biochemical reactions proceed quickly enough to sustain life. They work by binding to a specific substrate at a specialised region called the active site, forming an enzyme–substrate complex. Because the active site has a specific shape, enzymes are highly selective and interact only with certain substrates. The rate at which enzymes work is called enzyme activity or enzyme efficiency, and this can change depending on environmental conditions. Enzymes work best under optimal conditions, meaning there is a particular set of conditions under which enzyme efficiency is highest.
One factor that affects enzyme efficiency is temperature. At low temperatures, enzyme and substrate particles move slowly, leading to fewer successful collisions and a slower reaction rate. As temperature increases, particles gain kinetic energy and collide more frequently, increasing enzyme efficiency until the optimum temperature is reached. However, temperatures above this optimum can disrupt the bonds that maintain the enzyme’s shape. When this occurs, the enzyme may denature, meaning the active site changes shape and substrates can no longer bind effectively. As a result, enzyme efficiency decreases sharply or stops.
Another important factor is pH. Each enzyme has an optimum pH range in which the active site maintains its correct shape. Conditions that are too acidic or too alkaline can disrupt the chemical interactions that maintain enzyme structure, altering the active site’s shape and reducing successful enzyme–substrate interactions. Extreme pH values may also denature the enzyme.
Substrate concentration also influences enzyme efficiency. At low substrate concentrations, fewer enzyme–substrate collisions occur, so reaction rates are slower. As substrate concentration increases, more active sites become occupied, and the reaction rate rises. Eventually, however, all active sites become occupied. At this point, the enzyme is working at maximum capacity, and the reaction rate levels off because the enzyme becomes the limiting factor.


Questions
1. Explain the role of the active site in enzyme efficiency and how environmental factors can affect it.
	


Describe how temperature can both increase and decrease enzyme efficiency.
	


Explain how pH can affect enzyme–substrate interaction.
	


Why does the reaction rate eventually stop increasing at high substrate concentrations?
	


Define ‘denaturation’ and explain how it affects enzyme efficiency.
	


[bookmark: _Sample_response_–_4][bookmark: _Ref230252427][bookmark: _Ref230254724]Sample response – student resource – factors that impact enzyme activity (efficiency)
Questions
1. Explain the role of the active site in enzyme efficiency and how environmental factors can affect it.
	The active site is the part of an enzyme where a specific substrate binds and the reaction occurs. Its shape allows only certain substrates to bind successfully. Factors such as temperature and pH can affect enzyme efficiency by altering the active site's shape. If conditions become too extreme, the active site may no longer fit the substrate properly, reducing the reaction rate or stopping the reaction completely.


Describe how temperature can both increase and decrease enzyme efficiency.
	As temperature rises, enzyme and substrate particles move faster, increasing the likelihood of successful collisions and speeding up reactions. However, when temperatures become too high, the enzyme’s structure can be damaged, causing the active site to lose its shape and reducing the enzyme’s ability to function.


Explain how pH can affect enzyme–substrate interaction.
	Enzymes function best within a specific pH range because this helps maintain the active site's shape. If the environment becomes too acidic or too alkaline, the enzyme’s structure may change, making it harder for the substrate to bind effectively and slowing the reaction.


Why does the reaction rate eventually stop increasing at high substrate concentrations?
	As more substrate is added, more enzyme active sites become occupied, increasing the reaction rate. Eventually, all available active sites are occupied, so the enzyme cannot work any faster, even if more substrate is present.


Define ‘denaturation’ and explain how it affects enzyme efficiency.
	Denaturation occurs when an enzyme’s structure changes because environmental conditions become unsuitable, such as very high temperatures or extreme pH. This alters the active site's shape, preventing the substrate from binding properly and reducing or stopping enzyme activity.




[bookmark: _Student_resource_–_7][bookmark: _Toc243065505]Student resource – the impact of temperature on catalase efficiency
Instructions: as a class, plan and conduct a laboratory experiment to determine the effect of temperature on catalase efficiency.
Table 1 – the quality criteria for an equipment list
	Equipment list quality criteria

	The equipment list:
☐	is presented as a bullet-pointed list
☐	specifies the quantity of each item (for example, 2 × 50mL beakers, 25mL × 1M hydrochloric acid)
☐	specifies the size of equipment and the concentrations of chemicals where applicable (for example, 10 mL measuring cylinder, 1 M hydrochloric acid)
☐	includes all relevant equipment for the investigation
☐	uses the most accurate equipment (where possible)
☐	includes the most appropriate materials and equipment to answer the research question (considering availability, cost, safety, and familiarity with the equipment).




Table 2 – the quality criteria for a procedure
	Procedure quality criteria

	The procedure:
☐	uses numbered steps, with each starting with a verb
☐	follows a logical sequence
☐	includes steps to measure the dependent variable qualitatively and/or quantitatively
☐	includes appropriate manipulation of the independent variable (at least 3 treatment groups and a control group, where applicable)
☐	includes the necessary controlled variables to ensure a fair test
☐	refers to the relevant scientific equipment used in the steps
☐	uses appropriate units for measurements (for example, mL/L for volume, mg/g/kg for mass)
☐	includes repetition for internal reliability (precision)
☐	includes temporal connectives within steps to clearly indicate the timing and sequence of actions (for example, after, before, immediately, until)
☐	includes adverbial groups and/or prepositional phrases to provide clear detail about time, place and manner (for example, for 5 minutes, on a flat surface, using a stopwatch)
☐	includes a neat, labelled scientific diagram of the equipment set-up (where appropriate).




Equipment list
	


Procedure
	


Risk assessment
Table 3 – the risk assessment for the laboratory experiment
	Hazard and risk
	Risk rating
	Mitigation measures

	Hydrogen peroxide (3%) may splash into eyes or onto skin during pouring or reaction, causing irritation or chemical burns.
	8
	Wear personal protective equipment (PPE), such as safety goggles and gloves, when handling hydrogen peroxide.
Pour hydrogen peroxide slowly at bench height and keep it away from the face.
Clean up spills immediately.

	Hot water baths (35–65°C) may cause burns if you touch the containers or if hot water spills onto your skin.
	8
	Wear heatproof gloves when handling or moving hot water containers.
Place water baths on a stable, flat surface away from bench edges.
Do not move water baths during the experiment.

	Glassware (conical flasks and test tubes) may break if dropped, producing sharp glass shards that can cut skin.
	6
	Use both hands to handle glassware and place it securely on stable surfaces or racks.
Inspect glassware before use and do not use damaged items.
Ask the teacher to clean broken glass using a brush and dustpan only. Never use your hands.

	Spilled water from water baths may create a slip hazard or knock over equipment, leading to secondary injuries.
	8
	Place all water baths in spill trays and keep benches dry and uncluttered.
Immediately wipe up spills and restrict movement around the experimental area during data collection.


Results
Table
	


Graph
Figure 1 – a graph showing the impact of temperature on catalase efficiency[image: A blank grid for students to graph the results from their experiment.]
Conclusion scaffold
Figure 2 – a scaffold for claim, evidence, reasoning[image: A claim, evidence and reasoning scaffold showing how students should state a claim, provide evidence from experiments, facts or reliable sources, and explain how the evidence supports the claim.]


Conclusion (use the completed CER scaffold)
	




[bookmark: _Sample_response_–_5][bookmark: _Ref230331555][bookmark: _Ref231888281]Sample response – student resource – the impact of temperature on catalase efficiency
Equipment list
	5 × 100 mL conical flasks (labelled for each temperature)
10 × 10 mL test tubes (for hydrogen peroxide and potato separation by temperature)
1 × 10 mL measuring cylinder
1 × digital thermometer
1 × stopwatch
5 × water baths or large beakers (for 5°C, 20°C, 35°C, 50°C, 65°C conditions)
Ice
Water
25 × equal-sized potato cylinders (approximately 1 cm diameter × 2 cm length)
250 mL of 3% hydrogen peroxide (H₂O₂) solution
1 × roll of paper towel
1 × waterproof marker
2 × test tube racks
1 × pair of heatproof gloves (for handling equipment in hot water baths)




Procedure
	1. Label 5 conical flasks as 5°C, 20°C, 35°C, 50°C and 65°C.
1. Place 4 potato cylinders into each labelled conical flask.
1. Prepare 5 water baths at 5°C (ice bath), 20°C (room temperature), 35°C, 50°C and 65°C using beakers or containers.
1. Measure each water bath temperature with a digital thermometer and adjust the water temperature until each reaches the target temperature.
1. Add one piece of potato to a labelled test tube for each temperature.
1. Measure 10 mL of 3% hydrogen peroxide into a set of matching labelled test tubes for each temperature condition.
1. Place both the potato test tubes and hydrogen peroxide test tubes into their corresponding water baths and leave them for 5 minutes to equilibrate to the set temperatures.
1. Remove one pair of potato and hydrogen peroxide test tubes from the same temperature bath (for example, 5°C) and immediately pour the hydrogen peroxide into the potato test tube.
1. Start the stopwatch immediately after mixing the hydrogen peroxide and potato sample, then place the mixture back into the appropriate water bath.
1. Observe the reaction for 2 minutes and measure enzyme activity by recording the foam height in centimetres.
1. Record the maximum foam height in a table.
1. Repeat steps 8–11 for each temperature condition until all treatments have been completed.
1. Repeat the entire experiment 5 times for each temperature to improve reliability.




Risk assessment
Table 3 – the risk assessment for the laboratory experiment
	Hazard and risk
	Risk rating
	Mitigation measures

	Hydrogen peroxide (3%) may splash into eyes or onto skin during pouring or reaction, causing irritation or chemical burns.
	8
	Wear personal protective equipment (PPE), such as safety goggles and gloves, when handling hydrogen peroxide.
Pour hydrogen peroxide slowly at bench height and keep it away from the face.
Clean up spills immediately.

	Hot water baths (35–65°C) may cause burns if you touch the containers or if hot water spills onto your skin.
	8
	Wear heatproof gloves when handling or moving hot water containers.
Place water baths on a stable, flat surface away from bench edges.
Do not move water baths during the experiment.

	Glassware (conical flasks and test tubes) may break if dropped, producing sharp glass shards that can cut skin.
	6
	Use both hands to handle glassware and place it securely on stable surfaces or racks.
Inspect glassware before use and do not use damaged items.
Ask the teacher to clean broken glass using a brush and dustpan only. Never use your hands.

	Spilled water from water baths may create a slip hazard or knock over equipment, leading to secondary injuries.
	8
	Place all water baths in spill trays and keep benches dry and uncluttered.
Immediately wipe up spills and restrict movement around the experimental area during data collection.




Results
Table
Table 4 – the impact of temperature on bubbling height (enzyme efficiency)
	Temperature (°C)
	Maximum bubbling height (mm)

	
	Trial 1
	Trial 2
	Trial 3
	Trial 4
	Trial 5
	Mean

	5
	9
	10
	9
	8
	10
	9.2

	20
	25
	27
	26
	26
	27
	26.2

	35
	58
	60
	59
	61
	59
	59.4

	50
	31
	32
	30
	31
	32
	31.2

	65
	10
	11
	10
	9
	10
	10.0


Results
Graph
Figure 1 – a graph showing the impact of temperature on catalase efficiency

Source: student experiment
Conclusion scaffold
Figure 2 – a scaffold for claim, evidence, reasoning
[image: A completed claim, evidence and reasoning scaffold showing a claim about catalase activity and temperature, evidence from mean foam height measurements at 5°C, 20°C, 35°C, 50°C and 65°C, and reasoning explaining the effects of temperature on particle movement, enzyme activity and denaturation.]
Conclusion (use the completed CER scaffold)
	Catalase activity in potato increases with temperature up to an optimum at 35°C, then decreases at higher temperatures. The results show mean foam height rising from 9.2 mm at 5°C and 26.2 mm at 20°C to a peak of 59 mm at 35°C, then dropping to 31.2 mm at 50°C and 10.0 mm at 65°C. This pattern occurs because higher temperatures increase particle kinetic energy, leading to more frequent successful collisions between catalase and hydrogen peroxide. At 35°C, the enzyme operates at its optimum temperature, when the active site is most effective. Above this temperature, catalase begins to denature, altering the shape of the active site so fewer enzyme–substrate complexes form and oxygen production decreases.




[bookmark: _Toc243065506]Teaching advice
This lesson sequence introduces students to investigating factors that affect enzyme efficiency and activity while scaffolding Working Scientifically processes. The sequence focuses on planning investigations, selecting appropriate materials and technologies, obtaining reliable quantitative data and organising results using tables and graphs, while also introducing students to drawing evidence-based conclusions. These skills are intentionally prioritised in the first sequence because they underpin valid scientific investigation and establish the foundational knowledge and processes needed for later, more complex analysis and evaluation.
The Working Scientifically processes developed in this sequence build progressively across subsequent lessons. Students later extend their ability to analyse patterns, trends, relationships and inconsistencies in data, before moving to higher-order evaluation of validity, reliability, accuracy and precision, including proposing improvements to investigations. Importantly, these scientific concepts and inquiry skills are also critical preparation for the Year 11 assessment task, where students are expected to process and analyse quantitative data, explain scientific relationships and evaluate the experiment.
Background information
Enzymes are biological catalysts that increase the rate of chemical reactions in cells. They are essential for sustaining life because many biochemical reactions would proceed too slowly at normal biological temperatures without enzymatic assistance. Enzymes lower the activation energy required for reactions, allowing important biological processes such as digestion, cellular respiration, growth and repair to proceed efficiently. Enzymes are highly specific because each enzyme contains an active site, a specifically shaped region where only particular substrates can bind and undergo reaction.
Environmental conditions can affect enzyme efficiency. Enzymes function best under optimal conditions, when enzyme activity is highest. Factors such as temperature, pH and substrate concentration affect how efficiently enzymes interact with substrates and catalyse reactions. Temperature influences particle movement and the frequency of collisions between enzymes and substrates. Increasing temperature generally increases enzyme activity up to an optimum point; however, excessively high temperatures may cause denaturation, in which the enzyme changes shape and the active site no longer binds substrates effectively. Similarly, pH affects the chemical bonds that maintain enzyme structure, so overly acidic or alkaline environments can reduce activity or denature enzymes. Substrate concentration affects how often substrates collide with active sites, although the reaction rate eventually levels off once all active sites are occupied.
In this lesson sequence, students investigate how temperature affects catalase activity. Catalase is an enzyme found in many living organisms that breaks down hydrogen peroxide into water and oxygen. Hydrogen peroxide is a toxic by-product of cellular metabolism, meaning catalase plays an important role in protecting cells from damage.
Checks for understanding
[bookmark: _Check_for_understanding_8][bookmark: _Ref230252798]Check for understanding 1 (3.4 PPT)
Which statement best explains why enzyme efficiency can decrease when conditions become too extreme?
A. Enzymes stop moving, so substrates cannot find the active site.
B. Extreme conditions can change the shape of the active site, reducing substrate binding and slowing reactions.
C. Substrates change shape and no longer fit the enzyme.
D. Enzymes are used up during reactions and must be replaced.
Check for understanding 1 sample response
Table 17 – check for understanding sample answer and explanation
	Response
	Correct/
Incorrect
	Explanation

	A
	Incorrect
	Enzymes and substrates do not stop moving completely. At low temperatures, particles move more slowly, so fewer collisions are successful at the active site, but movement still occurs. This answer does not explain denaturation or changes in active site shape. Students may think temperature completely stops enzyme movement. While particle movement slows at low temperatures, enzymes do not stop moving completely.

	B
	Correct
	N/A

	C
	Incorrect
	Under extreme conditions, the enzyme’s active site generally changes shape, not the substrate. During denaturation, the enzyme changes its structure, preventing successful enzyme–substrate binding. Students may confuse which molecule changes shape during enzyme action. During denaturation, the enzyme’s active site changes shape, not the substrate.

	D
	Incorrect
	Enzymes are biological catalysts, meaning they are not consumed in reactions and can be reused multiple times. Reduced efficiency occurs because of changes to enzyme function, not because enzymes are ‘used up’. Students may confuse enzymes with reactants. Enzymes are reusable biological catalysts and are not consumed during reactions.


[bookmark: _Check_for_understanding_9][bookmark: _Ref230334735]Check for understanding 2 (3.4 PPT)
A student wrote the following step as part of their procedure to test the effect of temperature on catalase efficiency.
Place the potato in the tube and add some hydrogen peroxide. Wait a moment and measure the bubbles.
Identify 2 improvements needed for this step in the procedure.
Check for understanding 2 sample response
Sample responses will vary, but may include:
Include a numbered step to indicate where this step fits in the sequence.
Include specific measurements (for example, 10 mL of 3% hydrogen peroxide).
Include controlled variables such as a specific time (for example, 2 minutes).
Use appropriate units (for example, mm for foam height).
Refer to scientific equipment (for example, test tube, measuring cylinder, stopwatch).
Use clear sequencing language (for example, immediately, after).
[bookmark: _Check_for_understanding_10][bookmark: _Ref230343580]Check for understanding 3 (3.4 PPT)
What conclusion can be drawn from the results regarding temperature's effect on catalase activity in potato?
A. Catalase activity peaks at 35°C and declines at higher temperatures due to denaturation.
B. Catalase activity continuously increases as temperature increases.
C. Temperature does not affect catalase activity.
D. Catalase activity is highest at 65°C because particles move more quickly.
Check for understanding 3 sample response
Table 18 – check for understanding sample answer and explanation
	Response
	Correct/
Incorrect
	Explanation

	A
	Correct
	N/A

	B
	Incorrect
	The data does not show a continuous increase; it peaks and then decreases.

	C
	Incorrect
	Temperature affects enzyme activity as shown by the large changes in bubble height.

	D
	Incorrect
	Although particles move faster at higher temperatures, enzyme denaturation at 65°C reduces activity, so activity is not highest there.




[bookmark: _3.5_Impact_of][bookmark: _Ref231886478][bookmark: _Ref240379759][bookmark: _Toc243065507]3.5 Impact of substrate concentration on enzyme efficiency (practical investigation)
Students plan and conduct a laboratory experiment to determine how substrate concentration affects catalase efficiency.
Table 19 – learning intentions and success criteria
	We are learning:
	I can:

	to explain how enzymes enable biological processes needed for life
	define ‘substrate concentration’
explain what happens to enzyme activity at low and high substrate concentrations
explain the impact of substrate concentration (hydrogen peroxide) on catalase efficiency

	to plan laboratory experiments
	construct an appropriate equipment list and procedure for the laboratory experiment
create a risk assessment that identifies the risk and hazard, the risk rating and outlines specific and appropriate mitigation measures

	to analyse primary data from a laboratory experiment.
	describe the relationship between hydrogen peroxide concentration and catalase efficiency
explain trends or patterns in the data using an understanding of enzyme activity
identify inconsistencies in the collected data
explain a source of experimental error and how this error could affect the validity of the conclusion drawn
analyse a graph to determine the impact of hydrogen peroxide concentration on catalase efficiency.


[bookmark: _Toc243065508]Lesson sequence instructions
Activate
1. Activate students’ prior knowledge of the role of catalase and how enzymes work using slide 3.5 PPT ‘Activating prior knowledge’. The questions and answers are in Table 20.
[bookmark: _Ref239243956]Table 20 – the questions and answers to activate prior knowledge about the role of catalase and how enzymes work
	Question
	Sample response

	What is the role of catalase in cells?
	Catalase is an enzyme that speeds up the breakdown of hydrogen peroxide into water and oxygen, preventing toxic hydrogen peroxide from accumulating in cells.

	What is the substrate in the catalase experiment?
	Hydrogen peroxide is the substrate because it binds to catalase and is broken down during the reaction.

	What is the active site, and why is it important?
	The active site is the specific region of an enzyme where the substrate binds. Its shape determines which substrate can attach and allows the reaction to occur.

	Why do enzymes and substrates need to collide?
	Enzymes and substrates must collide so the substrate can bind to the active site and form an enzyme–substrate complex.

	If catalase is working very quickly, does this mean the enzyme gets used up? Provide reasons for this.
	No, enzymes are biological catalysts and are not used up during reactions. They can be reused multiple times.


1. If students are unable to recall prior knowledge, refer to content in 3.3 Enzymes as catalysts (secondary-source investigation) and 3.4 Factors that influence enzyme efficiency (practical investigation).
Connect prior knowledge to students’ new learning by explaining that they will investigate the impact of substrate (hydrogen peroxide) concentration on catalase efficiency in this lesson sequence.
Core learning
The impact of substrate concentration on catalase efficiency
Preparing for the activity
Prepare and order materials in advance to conduct the laboratory experiment. The full equipment list is in the Sample response – student resource – impact of substrate concentration on catalase efficiency. Order enough equipment for your class size. Preparation for this task includes:
Cut equal-sized potato cylinders using a cork borer (approximately 1 cm diameter and 2 cm in length) on a cutting board. Trim each potato cylinder to ensure uniform size, then blot dry with a paper towel to remove excess moisture.
Purchase or prepare different concentrations of hydrogen peroxide (2%, 3%, 4%, 5% and 6%)
Note: rather than having students conduct 5 trials for each concentration, have them conduct one trial for each concentration and collate the data as a class. The class will co-construct the procedure, so ensure all students follow the same procedure.
Facilitating the activity
1. Introduce students to the investigation into the impact of substrate concentration on catalase efficiency using slide 3.5 PPT ‘Substrate concentration’. More information is in the slide speaker notes and below.
Substrate concentration is the amount of substrate available for an enzyme to act on. In this lesson sequence, the enzyme is catalase (in potato), the substrate is hydrogen peroxide, and the hydrogen peroxide concentration is varied.
At low substrate concentrations, there are fewer substrate particles, so fewer successful enzyme–substrate collisions occur, resulting in a slower reaction rate.
At higher substrate concentrations, all enzyme sites become occupied; therefore, the reaction eventually reaches its maximum rate, resulting in a reaction plateau because the enzyme becomes the limiting factor. The limiting factor is the factor in the shortest supply that restricts the maximum rate of reaction.
Provide students with the Student resource – the impact of substrate concentration on catalase efficiency.
Use guided practice or ask students to independently complete Table 1 and Table 2 to write a quality equipment list and procedure. 
Students provide peer feedback or self-evaluate their work using the quality criteria. A sample response is provided in Table 1 and Table 2 in the Sample response – student resource – the impact of substrate concentration on catalase efficiency 
Model the steps involved in completing a risk assessment, then use guided practice or ask students to independently complete the risk assessment in Table 3 of the student resource. A sample response is provided in Table 3 in the Sample response – student resource – the impact of substrate concentration on catalase efficiency. 
Use the quality criteria in the resource to assess the risk assessment, and model how to use the criteria to provide feedback.
Review how to draw a quality table to collect data from an investigation using slide 3.4 PPT ‘Quality criteria – table’, if required. Have students construct a table to collect data from their experiment. Students can provide peer or self-feedback using the quality criteria. A sample response is provided in Table 4 in the Sample response – student resource – the impact of substrate concentration on catalase efficiency.
Direct students to gather the equipment to conduct the planned procedure safely and collate the data as a class. After students complete the experiment, have them clean up and pack away the equipment.
If required, review what makes a quality scatter plot using the worked example slide 3.4 PPT ‘Quality criteria – scatter plot’. 
Use guided practice or have students independently complete the scatter plot with the curve of best fit for the mean data. A sample response is given in Figure 2 in the Sample response – student resource – the impact of substrate concentration on catalase efficiency.
Use 3.5 PPT ‘Trends, patterns and relationships’ (2 slides) and 3.5 PPT ‘Types of correlation’ (2 slides) to activate students’ prior knowledge in data analysis. Sample responses are provided on the slides.
Differentiation: students who may require additional teaching and support with trends and relationships and inconsistencies in data can be taught using the Student resource – trends, patterns and relationships.
Model, through a think-aloud, a response to questions 1 and 2 in the student resource to describe the relationship between substrate concentration and catalase efficiency and to explain the trends or patterns in the data. A sample response has been given in the Sample response – student resource – impact of substrate concentration on catalase efficiency.
Demonstrate how to identify inconsistencies in results and interpret variations in experimental data and error sources, including their effect on the validity using the remaining student resource questions. A sample response has been given in the Sample response – student resource – impact of substrate concentration on catalase efficiency.
Consistent data follows a clear pattern or yields reasonably similar results across trials. In Science, data is considered inconsistent when it does not follow an expected pattern, trend, or relationship across repeated measurements or observations, or when results vary more than expected under the same conditions. While some variation is normal due to natural variability and small measurement differences, scientists expect repeated results to follow an overall pattern or produce reasonably similar values. Data may be considered inconsistent when results differ significantly or do not fit the trend observed in the rest of the data.
Inconsistent data can arise from random errors, systematic errors, experimental errors, uncontrolled variables, anomalies or outliers.
Random errors are small, unpredictable variations that occur by chance and can cause slight differences in results. These may arise from timing mistakes, inconsistent measurement, or human reaction time. Random errors often reduce precision and can make results less consistent across trials.
Systematic errors consistently occur the same way each time, often caused by faulty equipment or problems with the experimental method. For example, an incorrectly calibrated thermometer may always record temperatures that are too high or too low. Systematic errors reduce accuracy and may create misleading patterns in the data.
Experimental errors are mistakes made during the experiment, such as following the wrong procedure, measuring incorrectly, or equipment malfunctioning. These errors can affect the validity and consistency of the results.
Uncontrolled variables are factors that change during an experiment when they are meant to remain constant. For example, variations in light, temperature, or sample size may influence results and make it difficult to identify the independent variable's true effect.
Anomalies or outliers are data points that differ significantly from the rest of the data or do not fit the overall trend. These may arise from errors, unexpected factors, or natural variation and should be investigated rather than automatically removed.
For example, if an experiment tests how temperature affects enzyme activity, you might expect enzyme activity to increase gradually as temperature rises (up to an optimum temperature). If most results follow this trend but one result is much higher or lower than expected, that data point may be inconsistent because it does not align with the overall pattern. However, small differences between results are normal and do not automatically indicate inconsistency.
In Science, identifying inconsistent data is important because it can affect the reliability of results. Scientists look for patterns across repeated trials, investigate unusual results, and, if the data appears inconsistent, may repeat the experiment, improve control of variables, or identify possible sources of error to determine whether the results accurately reflect what is being investigated.
Use guided practice or have students independently construct a conclusion for the experiment (students may use the CER scaffold from the previous lesson sequence to do this).
Conclude the experiment by explaining the following to students:
Catalase activity increased with substrate concentration, reaching a plateau at higher concentrations (approximately 6–8%). More hydrogen peroxide molecules were available to react, increasing oxygen production.
At low substrate concentrations, catalase activity was lower because fewer hydrogen peroxide molecules were available to collide with the enzyme's active sites.
As substrate concentration increased, the number of successful collisions between catalase and hydrogen peroxide rose, producing more enzyme–substrate complexes and a faster reaction rate.
Catalase activity eventually levelled off because all enzyme active sites were occupied. At this point, catalase reached maximum efficiency and became the limiting factor.
Unlike temperature and pH, increasing substrate concentration does not alter the shape of the active site or denature catalase. Instead, enzyme activity plateaus as the enzyme becomes saturated.
Check students’ understanding of the impact of substrate concentration on catalase efficiency using Check for understanding 1 (3.5 PPT). Using slide 3.5 PPT ‘Check for understanding 1’, display the question on the board and ask students to indicate their response using mini whiteboards or by a show of hands.
Consolidate
1. Have students work in groups to respond to the questions in slide 3.5 PPT ‘Group discussion’ and in Figure 11 to consolidate their understanding of the impact of substrate concentration on catalase efficiency.
[bookmark: _Ref239246456]Figure 11 – consolidation activity
[image: A biology worksheet titled ‘3.5 Group discussion’ presents a catalase experiment showing oxygen production increasing with hydrogen peroxide concentration before reaching a plateau, with 3 questions asking students to explain the relationship between substrate concentration and reaction rate, the plateau and the limiting factor at high substrate concentrations.]
1. Guide a class discussion of the questions to check students’ understanding using the sample response below.
Sample response
	1. Initially, substrate concentration and catalase efficiency are positively related. As substrate concentration increases, the volume of oxygen produced increases, indicating a faster reaction rate. However, at higher substrate concentrations, the increase in reaction rate levels off.
1. The reaction rate eventually levels off because all catalase active sites are occupied by hydrogen peroxide molecules for most of the time. This means the enzyme is already working at full capacity, so increasing substrate concentration further cannot increase the reaction rate.
1. At high substrate concentration, the number of available catalase active sites restricts the reaction. Since all active sites are occupied, additional hydrogen peroxide molecules cannot bind immediately, preventing further increases in oxygen production.




[bookmark: _Student_resource_–_8][bookmark: _Ref230608340][bookmark: _Toc243065509]Student resource – the impact of substrate concentration on catalase efficiency
Instructions: plan and conduct a laboratory experiment to determine the effect of substrate concentration on catalase efficiency.
Table 1 – writing a quality equipment list
	Equipment list
	Quality criteria

	
	The equipment list:
☐	is presented as a bullet-pointed list
☐	specifies the quantity of each item (for example, 2 × 50 mL beakers, 
25 mL × 1 M hydrochloric acid)
☐	specifies the size of equipment and the concentrations of chemicals where applicable (for example, 10 mL measuring cylinder, 1 M hydrochloric acid)
☐	includes all relevant equipment for the investigation
☐	uses the most accurate equipment (where possible)
☐	includes the most appropriate materials and equipment to answer the research question (considering availability, cost, safety, and familiarity with the equipment).


Table 2 – writing a quality procedure
	Procedure
	Quality criteria

	
	The procedure:
☐	is written in numbered steps, each starting with a verb
☐	follows a logical sequence
☐	includes steps to measure the dependent variable qualitatively and/or quantitatively
☐	includes appropriate manipulation of the independent variable (at least 3 treatment groups and a control group, where applicable)
☐	includes the necessary controlled variables to ensure a fair test
☐	refers to the relevant scientific equipment used in the steps
☐	uses appropriate units for measurements (for example, mL/L for volume, mg/g/kg for mass)
☐	includes repetition for internal reliability (precision)
☐	includes temporal connectives within steps to clearly indicate the timing and sequence of actions (for example, after, before, immediately, until)
☐	includes adverbial groups and/or prepositional phrases to provide clear detail about time, place and manner (for example, for 5 minutes, on a flat surface, using a stopwatch)
☐	includes a neat, labelled scientific diagram of the equipment set-up (where appropriate).


Risk assessment
Table 3 – the risk assessment for the laboratory experiment
	Hazard and risk
	Risk rating
	Mitigation measures

	
	
	

	
	
	

	
	
	

	
	
	


Quality criteria for a risk assessment
The risk assessment:
☐	outlines the risks of conducting the experiment by being specific about the hazard and how a person can be injured (for example, a beaker can fall to the floor and break, creating glass shards that can cut someone)
☐	uses a risk assessment matrix to determine the risk rating accurately
☐	provides appropriate and specific mitigation measures for each given risk.
Results
Table
Table 4 – the impact of substrate concentration on catalase efficiency, indicated by oxygen volume
	Substrate concentration (%)
	Oxygen volume (mL)

	
	Trial 1
	Trial 2
	Trial 3
	Trial 4
	Trial 5
	Mean

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


Graph
Figure 1 – a graph showing the impact of substrate concentration on catalase efficiency
[image: Blank grid paper for students to graph the results from their experiment.]
Data analysis questions
1. Describe the relationship between substrate concentration and catalase efficiency.
	


1. Explain any trends or patterns in the data.
	


1. Identify any inconsistencies in the results.
	


1. Why did the reaction rate eventually stop increasing?
	


1. Explain one possible source of experimental error. How could this influence the validity of the conclusion?
	


Conclusion
	




[bookmark: _Sample_response_–_6][bookmark: _Ref239244692][bookmark: _Ref230611317][bookmark: _Ref230605390]Sample response – student resource – the impact of substrate concentration on catalase efficiency
Instructions: plan and conduct a laboratory experiment to determine the effect of substrate concentration on catalase efficiency.
Table 1 – writing a quality equipment list
	Materials

	1 × gas syringe (100 mL) with rubber tubing
5 × 100 mL conical flasks
5 × rubber stoppers with delivery tube attachment
1 × digital thermometer
1 × water bath or large beaker (At 37°C)
1 × 10 mL measuring cylinder
1 × stopwatch
1 × waterproof marker for labelling flasks
1 × 15 cm ruler (to ensure equal potato size)
25 × equal-sized potato cylinders (approximately 1 cm diameter × 2 cm length)
50 mL of 1% hydrogen peroxide solution
50 mL of 2% hydrogen peroxide solution
50 mL of 4% hydrogen peroxide solution
50 mL of 6% hydrogen peroxide solution
50 mL of 8% hydrogen peroxide solution
1 roll of paper towel


Table 2 – writing a quality procedure
	Procedure

	1. Label 5 conical flasks as 1%, 2%, 4%, 6% and 8% hydrogen peroxide using a waterproof marker.
1. Set the water bath to 37°C. Use a digital thermometer to confirm that the water bath is within this range.
1. Place the potato cylinders in a beaker and add to the 37°C water bath.
Set up the apparatus to collect oxygen gas as shown in Figure 1, ensuring the apparatus is airtight. 
[bookmark: _Ref230602783]Figure 1 – the experimental apparatus
[image: An experiment apparatus showing a 100 millilitre gas tube secured to a retort stand with a boss head and clamp, connected to a 100 millilitre conical flask fitted with a rubber stopper and delivery tube.]
Measure 10 mL of each 1% hydrogen peroxide concentration using a measuring cylinder and pour it into the corresponding labelled conical flask.
Place the conical flask in the 37°C water bath and allow the hydrogen peroxide to equilibrate to the required temperature.
Add one potato cylinder to the 1% hydrogen peroxide flask, immediately seal the flask with the stopper, and start the stopwatch.
Maintain the reaction mixture at 37°C throughout the investigation. Monitor the temperature regularly and adjust the water bath if necessary.
After 2 minutes, measure the volume of oxygen gas produced by recording the volume shown on the syringe in mL.
Record the oxygen volume in a table.
Repeat steps 5–10 for the 2%, 4%, 6%, and 8% substrate concentrations.
Repeat the entire experiment a total of 5 times for each substrate concentration.


Risk assessment
Table 3 – the risk assessment for the laboratory experiment
	Hazard and risk
	Risk rating
	Mitigation measures

	Hydrogen peroxide may splash into eyes or onto skin during pouring or reaction, causing irritation or chemical burns.
	8
	Wear personal protective equipment (PPE), such as safety goggles and gloves, when handling hydrogen peroxide.
Pour hydrogen peroxide slowly at bench height and keep it away from the face.
Clean up spills immediately.

	Hot water bath (37°C) may cause burns if you touch the containers or if hot water spills onto your skin.
	8
	Wear heatproof gloves when handling or moving hot water containers.
Place water baths on a stable, flat surface, away from bench edges.
Do not move water baths during the experiment.

	Glassware (conical flasks and test tubes) may break if dropped, producing sharp glass shards that can cut skin.
	6
	Use both hands to handle glassware and set it on stable surfaces or racks consistently.
Inspect glassware before use and do not use damaged items.
Ask the teacher to clean broken glass using a brush and dustpan only. Never use your hands.

	Spilled water from water baths may create a slip hazard or knock over equipment, leading to secondary injuries.
	8
	Place all water baths in spill trays and keep benches dry and uncluttered.
Immediately wipe up spills and restrict movement around the experimental area during data collection.


Results
Table
Table 4 – the impact of substrate concentration on catalase efficiency, indicated by oxygen volume
	Substrate concentration (%)
	Oxygen volume (mL)

	
	Trial 1
	Trial 2
	Trial 3
	Trial 4
	Trial 5
	Mean

	1
	11
	12
	12
	11
	13
	11.8

	2
	22
	23
	21
	22
	24
	22.4

	4
	39
	41
	40
	38
	42
	40.0

	6
	48
	49
	50
	48
	49
	48.8

	8
	49
	50
	48
	50
	49
	49


Graph
Figure 2 – a graph showing the impact of substrate concentration on catalase efficiency

Data analysis questions
1. Describe the relationship between substrate concentration and catalase efficiency.
	There is a positive relationship between substrate concentration and catalase efficiency up to approximately 6% hydrogen peroxide. As substrate concentration increased from 1% to 6%, the mean oxygen volume rose from 11.8 mL to 48.8 mL, indicating increased catalase efficiency. However, from 6% to 8%, oxygen production increased only slightly (48.8 mL to 49.2 mL), indicating that the relationship had levelled off.


1. Explain any trends or patterns in the data.
	The data show an initial rapid increase, followed by a plateau. Between 1% and 6% substrate concentration, oxygen production increased substantially because more hydrogen peroxide molecules were available to collide with catalase active sites, increasing the frequency of successful enzyme–substrate interactions. However, between 6% and 8%, the graph levelled off and formed a plateau because all catalase active sites had become occupied. At this stage, the enzyme was working at maximum capacity, so further increases in substrate concentration had little effect on the reaction rate.


1. Identify any inconsistencies in the results.
	There were no major inconsistencies in the results, as the data show a clear overall trend and repeated trials produced reasonably similar values at each substrate concentration. As substrate concentration increases from 1% to 6%, the oxygen volume increases from a mean of 11.8 mL to 48.8 mL, then levels off at around 49 mL at 8%, indicating a consistent trend. While there is some small variation between trials at each concentration (for example, at 4%, the results range from 38 to 42 mL and at 8% from 48 to 50 mL), this variation is expected in experiments due to minor measurement differences and does not indicate inconsistency.


1. Why did the reaction rate eventually stop increasing?
	The reaction rate eventually stopped increasing because hydrogen peroxide molecules occupied all available catalase active sites. Once the enzyme reached maximum capacity, further increases in substrate concentration could no longer increase the reaction rate. At this point, catalase became the limiting factor, causing enzyme activity to plateau.


1. Explain one possible source of experimental error. How could this influence the validity of the conclusion?
	One possible source of experimental error was oxygen gas escaping from the gas syringe apparatus due to loose tubing connections. If oxygen escaped during the reaction, the recorded gas volume would be lower than the true volume produced, reducing measurement accuracy. This may have affected individual trial results; however, because repeated trials produced a consistent pattern and the mean values showed a clear increase followed by a plateau, the conclusion that substrate concentration increases catalase efficiency until enzyme saturation occurs remains valid.


Conclusion
	Catalase efficiency increased with substrate concentration until the reaction reached a maximum rate. This is supported by the results, which showed the mean oxygen volume rising from 11.8 mL at 1% substrate concentration to 48.8 mL at 6%, before showing minimal change at 8% (49.2 mL). This occurred because higher substrate concentrations increased successful collisions between hydrogen peroxide molecules and catalase active sites, leading to more enzyme–substrate complexes and greater oxygen production. However, once all active sites were occupied, catalase reached maximum efficiency and became the limiting factor, causing the reaction rate to plateau.




[bookmark: _Student_resource_–_9][bookmark: _Toc243065510]Student resource – trends, patterns and relationships
Instructions: use this resource to help you describe trends, patterns and relationships in data presented in graphs. Keep it because you will also find it useful in other focus areas.
Visual representations of trends
Table 1 – types of trends and how to describe them
	Graph
	Trend
	How to write it

	[image: A graph with a positive slope as a straight line showing a linear increase.]
Linear increase by Benbenthehenis licensed under C.C BY 4.0.
	Linear increase
	The graph shows a linear increase in ______________________. For example, at ___________, the value was ________ and at ________, the value was ________________.

	[image: A graph with a negative slope as a straight line showing a linear decrease.]
Linear decrease by AnonMoos is in the Public Domain.
	Linear decrease
	The graph shows a linear decrease in ______________________. For example, at ___________, the value was ________ and at ________, the value was ________________.

	[image: A graph with a positive slope as a curved line showing an exponential increase.]
Exponential increase by Rumping is licensed under CC BY-SA 4.0.
	Exponential increase
	The graph shows an exponential increase in _____________________. For example, at ___________, the value was ________ and at ________, the value was ________________.

	[image: A graph with a negative slope as a curved line showing an exponential decrease.]
Exponential decrease is licensed under CC BY-SA 4.0.
	Exponential decrease
	The graph shows an exponential decrease in ______________________. For example, at ___________, the value was ________ and at ________, the value was ________________.

	[image: A graph showing a dotted curve of function f(I) plotted against variable I ranging from 40 to 80, with a red horizontal line at f(I) = 0. The curve starts below zero near I=40, crosses the red line around I=50, and approaches a positive asymptote near 0.03 as I increases.]
Exponential plateau by Ellywa is licensed under CC BY-SA 4.0.
	Exponential plateau
	The graph shows an initial exponential increase in _____________________, followed by a plateau. For example, at ___________, the value was ________ and at ________, the value was ________________ with the data plateauing at ______________.

	[image: A graph showing data that is going up and down no pattern showing a variable trend.]
Variable trend by Toby Hudson is licensed under CC BY 4.0.
	Variable
	The graph shows a variable trend in ______________________. For example, at ___________, the value was ________ and at ________, the value was ________________.

	[image: A graph showing a horizontal straight line that is parallel to the x-axis, showing a stable trend.]
Stable trend by Kcarr51 is licensed under CC0 1.0.
	Stable
	The graph shows a stable trend in ______________________. For example, at ___________, the value was ________ and at ________, the value was ________________.


Inconsistencies in data
Consistent data follows a clear pattern or yields reasonably similar results across trials. In Science, data is considered inconsistent when it does not follow an expected pattern, trend or relationship across repeated measurements or observations, or when results vary more than expected under the same conditions. While some variation is normal due to natural variability and minor measurement differences, scientists expect repeated results to follow an overall pattern or produce reasonably similar values. Data may be considered inconsistent when results differ significantly or do not fit the trend observed in the rest of the data. Inconsistent data can occur because of:
Random errors – small, unpredictable variations that occur by chance and can cause slight differences between results. These may occur because of timing mistakes, inconsistent measurement or human reaction time. Random errors often reduce precision and can make results less consistent across trials.
Systematic errors – errors that occur consistently the same way each time, often caused by faulty equipment or issues with the experimental method. For example, an incorrectly calibrated thermometer may always record temperatures that are too high or too low. Systematic errors reduce accuracy and may create misleading patterns in the data.
Experimental errors – mistakes made during the experiment, such as following the wrong procedure, measuring incorrectly or equipment malfunctioning. These errors can affect the validity and consistency of the results.
Uncontrolled variables – factors that change during an experiment when they were meant to remain constant. For example, differences in light, temperature or sample size may influence results and make it difficult to identify the independent variable's true effect.
Anomalies or outliers – results that differ greatly from the rest of the data or do not follow the overall trend. These may arise from errors, unexpected factors or natural variation and should be investigated rather than automatically removed.
For example, if an experiment tests how temperature affects enzyme activity, you might expect enzyme activity to increase gradually as temperature rises (up to an optimum temperature). If most results follow this trend but one result is much higher or lower than expected, that data point may be inconsistent because it does not align with the overall pattern. However, small differences between results are normal and do not automatically indicate inconsistency. In Science, identifying inconsistent data is important because it can affect the reliability of results. Scientists look for patterns across repeated trials, investigate unusual results and if the data appears inconsistent, may repeat the experiment, improve controlled variables or identify possible sources of error to determine whether the results accurately reflect what they are investigating.
Relationships
The first step in investigating the relationship between 2 variables is to display the data graphically, either as a scatterplot (with a line of best fit) or as a line graph.
A relationship is the connection between the independent and dependent variables. Two or more variables are related if the value of one changes in response to another. For example, when one variable increases, the other may increase as well. A positive relationship shows that as one variable increases, the other also increases, and an inverse (negative) relationship shows that as one variable increases, the other decreases. One of the figures below shows no relationship between the variables, which is equally important, as it provides as much information as a positive or negative relationship.
A correlational relationship measures the strength of the interdependence between 2 variables. The ‘Types of correlation’ image below shows these relationships.
Figure 1 – the types of correlation in graphs
[image: A diagram of 6 different types of correlation in graphs.]
This work has been generated using BioRender.com. Any copyright subsisting in this work is owned by © State of New South Wales (Department of Education) 2026.
A weak positive correlation indicates that, although both variables tend to increase together, the relationship is not very strong.
On the other hand, a strong negative correlation indicates a strong connection between the 2 variables, but that one goes up whenever the other goes down.
It is also important to understand that correlation does not equal causation. A relationship between two variables does not imply that changes in one cause changes in the other.

[bookmark: _Toc243065511]Teaching advice
This lesson is designed to distinguish the effects of substrate concentration from other enzyme factors, such as temperature and pH. A common misconception is that a plateau in reaction rate means the enzyme is ‘stopping’ or being damaged. Repeatedly reinforce that catalase is still functioning at its maximum rate and that the limiting factor has shifted from substrate availability to enzyme availability. Students may benefit from visualising enzymes as having a fixed number of ‘working spaces’ that can be filled.
This lesson should focus on developing students’ Working Scientifically skills in risk assessment, data analysis and evaluation. Students should learn to identify hazards, link them to risks and apply appropriate mitigation strategies, recognising that risk assessment is a preventative scientific process. In data analysis, emphasise describing and explaining trends, patterns and relationships in results, moving from raw data to graphical representation and then to biological explanation based on their understanding of enzymes. Students should also be guided to recognise inconsistencies in data as natural variation between trials and to use averages to improve reliability. Finally, they should be taught to identify sources of error in experiments and explain how these may affect the validity of conclusions drawn from the investigation.
Background information
Substrate concentration is the amount of substrate (hydrogen peroxide) available for enzyme reactions. At low substrate concentrations, fewer hydrogen peroxide molecules collide with catalase active sites, resulting in a lower reaction rate. As substrate concentration increases, the frequency of successful enzyme–substrate collisions rises, leading to more enzyme–substrate complexes and faster oxygen production.
As substrate concentration continues to increase, the reaction eventually reaches a point where all available enzyme active sites are continuously occupied. At this stage, adding more substrate does not increase the reaction rate because no free active sites are available for additional binding. Instead, the enzyme operates at its maximum capacity, and the reaction rate is limited by the number of enzyme molecules present rather than the amount of substrate.
It is important to distinguish this from factors such as temperature and pH. Increasing substrate concentration does not alter the enzyme’s structure or active site or cause denaturation. Instead, the observed pattern of an initial increase followed by a plateau is explained by enzyme saturation and collision frequency, not by changes to enzyme structure. This distinction helps address common student misconceptions that a slowing or levelling of the reaction rate is caused by enzyme damage or substrate interference.
Checks for understandings
[bookmark: _Check_for_understanding_11][bookmark: _Ref230613212]Check for understanding 1 (3.5 PPT)
At high substrate concentration, catalase activity stops increasing because:
A. The enzyme becomes denatured due to excess substrate molecules.
B. All catalase active sites are occupied, so the enzyme is working at maximum capacity.
C. Substrate molecules begin to change shape, reducing their ability to bind to the active site.
D. Increasing substrate concentration reduces enzyme flexibility, slowing collisions.
Check for understanding 1 sample response
Table 21 – check for understanding sample answer and explanation
	Response
	Correct/
Incorrect
	Explanation

	A
	Incorrect
	Substrate concentration does not cause enzyme denaturation; denaturation occurs when changes in temperature or pH disrupt the enzyme’s structure. Students may have selected this because they confuse a slowing or plateau in reaction rate with enzyme damage, assuming that ‘too much substrate’ must damage or break the enzyme.

	B
	Correct
	N/A

	C
	Incorrect
	Substrate molecules do not change shape due to increased concentration; they remain chemically stable and continue to collide with enzyme active sites. Students may have selected this because they may think crowded conditions physically alter molecules or they may be overgeneralising from the idea that enzymes and substrates ‘fit together’, incorrectly assuming that shape changes when reactions slow.

	D
	Incorrect
	Increasing substrate concentration does not reduce enzyme movement or flexibility; instead, it increases the frequency of enzyme–substrate collisions until saturation is reached. Students may have selected this because they may be visualising enzymes as rigid structures affected by ‘crowding’ or confusing macroscopic ideas of congestion with microscopic molecular motion in solution.




[bookmark: _Toc243065512]3.6 The impact of pH on enzyme efficiency (practical investigation)
Students will plan and conduct a laboratory experiment to determine the effect of pH on amylase efficiency, focusing on the experiment's reliability, precision, accuracy and validity.
Table 22 – learning intentions and success criteria
	We are learning:
	I can:

	to explain how enzymes enable biological processes needed for life
	define ‘amylase’ and outline the reaction between amylase and starch
explain what happens to enzyme efficiency at very high and very low pH
explain the impact of pH on amylase efficiency

	to plan valid laboratory experiments
	identify and justify the independent, dependent and controlled variables in the laboratory experiment in relation to validity
explain how reliable primary data is collected in this laboratory experiment

	to analyse primary data from a laboratory experiment.
	define ‘reliability’, ‘precision’, ‘accuracy’ and ‘validity’ and outline their requirements in laboratory experiments
evaluate the reliability, precision, accuracy and validity of the laboratory experiment
outline relevant improvements to the experiment
analyse a graph to conclude the impact of pH on amylase efficiency.


[bookmark: _Toc243065513]Lesson sequence instructions
Activate
1. Activate students’ prior knowledge about enzymes and how they work using the 3.6 PPT ‘Activating prior knowledge’ (2 slides). Have students complete the questions on the slide independently, then check answers in a whole-class discussion. The questions and sample responses are in Table 23 and on the slide.
[bookmark: _Ref239248321]Table 23 – the questions and sample response to activate students’ prior knowledge about enzymes
	Question
	Sample response

	What is an enzyme and what is its role in biological reactions?
	Enzymes are biological catalysts that speed up reactions without being used up.

	What is the active site of an enzyme?
	The active site is a specific region of the enzyme where the substrate binds.

	What happens when a substrate binds to an enzyme?
	A substrate binds to the active site to form an enzyme–substrate complex.

	What is meant by ‘denaturation’?
	Denaturation is when an enzyme changes shape and can no longer function.

	What factor(s) can cause an enzyme to denature?
	High temperatures can cause an enzyme to denature.


1. If students are unable to recall prior knowledge, refer to content in 3.3 Enzymes as catalysts (secondary-source investigation) and 3.4 Factors that influence enzyme efficiency (practical investigation).
Connect prior knowledge to students’ new learning by explaining that they will use their knowledge of active sites and denaturation to explain how different pH levels affect amylase efficiency. Students will need to apply their understanding of enzyme structure to interpret experimental results and explain why reaction rates vary across pH conditions.
Core learning
The impact of pH on amylase efficiency
Note: rather than having students conduct 5 trials for each pH, have them conduct one trial for each pH condition and collate the data as a class. Students should use the procedure provided to the class.
Facilitating the activity
1. Introduce students to the investigation into the impact of pH on amylase efficiency using slide 3.6 PPT ‘Amylase and starch’. More information is in the slide speaker notes and below.
Amylase is a digestive enzyme that breaks down starch into simpler sugars. It is naturally present in the human body in the mouth (saliva with a pH between 6.2 and 7.6) and in the duodenum of the small intestine (pH between 6.0 and 6.8).
In the laboratory experiment, students will test the impact of pH on amylase activity. Students will manipulate pH using buffer solutions.
When amylase is added to starch, it breaks it down. This experiment will measure the time it takes for amylase to break down starch completely, indicated by the colour of the solution after reacting it with iodine. A blue-purple colour indicates starch is present and an orange-brown solution indicates the starch has been broken down. The faster amylase breaks down starch, the more efficient the enzyme.
Amylase's active site has a complementary shape to starch, allowing the enzyme–substrate complex to form. pH can affect the bonds that hold the enzyme's 3D structure together. At extreme pH levels, amylase may denature as changes in bonding permanently alter its 3D structure, including the active site. This prevents substrate binding and stops enzyme activity.
Review students’ prior knowledge of variables, experimental control, reliability, precision, accuracy and validity using slide 3.6 PPT ‘Activating prior knowledge – experimental design’. Display the slide, ask students to identify whether the statements about experimental design are correct or incorrect, provide reasons for their answers and then correct the incorrect statements. Sample responses are on the slides or in Table 24.
[bookmark: _Ref239249117]Table 24 – the questions and sample responses to activate students’ prior knowledge about experimental design
	Statement
	Correct or incorrect
	Reason

	Reliability means how close a measurement is to the true value.
	Incorrect
	This statement describes accuracy, not reliability. The correct statement is that reliability refers to the consistency of measurements across separate experiments (external reliability).

	Validity means that only one variable is changed in an experiment.
	Incorrect
	Validity is not just about changing one variable; it is about ensuring the experiment measures what it is intended to measure. The statement would be more accurate if it said that validity means an experiment measures what it is intended to measure, which requires only one independent variable, controlled variables and an appropriate method.

	The independent variable is the variable deliberately manipulated in an experiment.
	Correct
	The scientist intentionally manipulates the independent variable to test its effect on the dependent variable.

	Precision refers to how close repeated measurements are to each other in a single experiment.
	Correct
	Precision, or internal reliability, refers to the consistency of measurements within a single experiment.

	Controlled variables are factors kept the same to ensure a fair test.
	Correct
	Keeping controlled variables constant ensures that any change in results is due only to the independent variable.

	The dependent variable is the variable that the scientist changes to test the hypothesis.
	Incorrect
	The dependent variable is not changed; it is measured. The statement can be corrected by saying that the dependent variable is measured in response to changes in the independent variable.

	An experimental control is a condition changed during an experiment to compare results.
	Incorrect
	A control is not changed; it is kept constant or used as a baseline for comparison. The statement can be corrected by saying that an experimental control is a standard condition in which the independent variable is not applied, used for comparison to determine the effect of the independent variable.

	Reliability only refers to repeating results within the same experiment.
	Incorrect
	This describes only internal reliability. To correct the statement, state that reliability includes both internal reliability (referred to as precision in this syllabus) and external reliability (consistency across repeated or independent experiments).


If required, provide students with the Student resource – validity, reliability, precision and accuracy for further teaching on the concepts of reliability, accuracy, validity, precision and experimental design, including variables. A sample response is given in the Sample response – student resource – validity, reliability, precision and accuracy.
Provide students with the Student resource – the impact of pH on amylase efficiency.
As a class, review the equipment list and procedure to understand how the laboratory experiment will be conducted. 
Model the thinking needed to identify the independent, dependent and controlled variables in the experiment, using the Sample response – student resource – the impact of pH on amylase efficiency.
Model how to construct responses in the student resource to justify the use of variables and an experimental control in a valid investigation and how to use the given procedure to explain how reliable data is collected. A sample response has been given in the Sample response – student resource – the impact of pH on amylase efficiency.
Unpack Table 3 in the student resource to discuss the risks of the experiment and how to mitigate them so students conduct the experiment safely.
Direct students to gather equipment to conduct the planned procedure safely and collect data in Table 4 of the student resource, then collate the data as a class. Sample data has been provided in Sample response – student resource – the impact of pH on amylase efficiency. After students complete the experiment, have them clean up and pack away the equipment.
If required, review what makes a quality scatter plot using the annotated example in slide 3.4 PPT ‘Quality criteria – scatter plot’ if required. 
Have students independently complete the scatter plot with the curve of best fit for the mean data. A sample response has been given in Sample response – student resource – the impact of pH on amylase efficiency.
Using information from the Student resource – validity, reliability, precision and accuracy, model the thinking needed to evaluate the validity, reliability, precision and accuracy of the experiment to complete question 1 in the student resource. Tell students they must judge each factor with specific reasons and experimental data to support their decision. A sample response has been given in the Sample response – student resource – the impact of pH on amylase efficiency.
Model how to suggest improvements to experimental design using the Sample response – student resource – the impact of pH on amylase efficiency. Students provide suggestions in question 2 of their student resource.
Engage with the information in the student resource on the impact of pH on amylase efficiency, and have students independently construct a conclusion outlining this impact using CER.
Conclude the experiment with students by explaining the following:
Amylase activity was highest at approximately pH 7, when starch was broken down in the shortest time. This indicates that amylase works most efficiently under neutral conditions. This corresponds to conditions in the mouth (saliva) and the duodenum of the small intestine. Under these conditions in the body, the enzyme's active site is stable and can form an enzyme–substrate complex to break down starch. At low pH (acidic conditions), amylase activity decreased because the enzyme’s structure was disrupted, reducing the ability of starch to bind effectively to the active site.
At high pH (alkaline conditions), amylase activity also decreased due to disruption of the enzyme’s structure, which altered the shape of the active site and reduced enzyme–substrate binding.
At extreme pH values (pH 1 and pH 11), amylase activity was very low because the enzyme was significantly disrupted and, in some cases, denatured, meaning the active site could no longer function effectively.
Unlike substrate concentration, changes in pH affect enzyme structure by disrupting bonds within the enzyme, similar to the impact of temperature, which changes the shape of the active site and reduces enzyme activity rather than simply limiting collisions between enzyme and substrate.
Check students’ understanding of why pH 7 is the optimum pH for amylase efficiency using Check for understanding 1 (3.6 PPT). Using 3.6 PPT ‘Check for understanding 1’ (2 slides), display the question on the board and cold-call students for their responses.
Consolidate
1. Consolidate students’ understanding of the impact of pH on amylase efficiency using the Student resource – analysing a graph on impact of pH on amylase efficiency. In the resource, students are provided with information about reaction rate and a graph showing the impact of pH on amylase efficiency, indicated by the reaction rate of starch breakdown.
1. Have students work in pairs or groups to respond to the questions, describe the provided results, compare them to their experiment, and evaluate their experiment’s reliability using the data provided in the student resource.
Provide feedback to students on their work using the Sample response – student resource – analysing a graph on impact of pH on amylase efficiency.

[bookmark: _Student_resource_–_10][bookmark: _Ref230693131][bookmark: _Ref230694495][bookmark: _Toc243065514]Student resource – validity, reliability, precision and accuracy
Instructions: engage with the text to extract and summarise key points to complete Table 1.
Reliability refers to how consistent and repeatable measurements are in an experiment. Data is considered reliable when repeated measurements or repeated experiments produce similar results under the same conditions.
Reliability is an important part of the scientific process. Scientists must publish clear details of their methods, materials and procedures so other scientists can replicate the experiment and check whether they obtain similar results. Consistent findings increase confidence in the reliability of the results.
There are 2 types of reliability:
Internal reliability (precision) refers to the consistency of measurements within a single experiment. It describes how close repeated measurements are to one another when conducted under identical conditions.
External reliability refers to the consistency of measurements across separate experiments. If an investigation is repeated independently and yields similar results, it demonstrates strong external reliability. For example, if data from repeated experiments follow the same trend on a graph, the investigation is considered more reliable.
In Science, reliability usually refers to external reliability, while precision describes internal reliability.
Instrument precision is the smallest measurement increment a tool can record. A more precise instrument measures in smaller increments. For example, a standard ruler may measure to the nearest 1 mm, while callipers can measure to 0.01 mm. Report measured values only to the precision of the measuring instrument. For example, if a ruler measures a stick as 36.7 cm, it would be incorrect to record it as 36.71 cm because the instrument cannot measure to that level of precision.
Accuracy is how close a measurement is to the true or accepted value. An accurate result is close to the correct value, while an inaccurate result is further away. For example, if the actual temperature is 37°C, a thermometer reading of 36.9°C is more accurate than one of 34°C. Using suitable, well-calibrated measuring instruments improves result accuracy.
Validity refers to whether an investigation measures what it was intended to measure. A valid experiment must:
Identify the independent, dependent and controlled variables.
Control variables so that changes in results are due only to the independent variable.
Use appropriate equipment and procedures that match the aim.
Produce findings that result from the independent variable, with no alternative explanations.
Be reliable, so results can be repeated consistently and are accurate.
Figure 1 – targets showing reliability and validity of data
[image: Targets showing reliability and validity. ]
Reliability and validity by Nevit Dilmen from Wikimedia Commons is licensed under CC BY-SA 4.0.
Looking at Figure 1 above, the bullseye represents the experiment’s aim or target.
· The dots represent the collected data.
The more tightly grouped the data are, the more reliable they are. When data scatter, as shown in a and b, they become unreliable. 
Targets a, b and c, with data points far from the centre, show that the measurements do not capture the intended variable, invalidating the experiment. 
Complete Table 1 to summarise the information in this text.
Table 1 – a summary of key terms for experimental design
	Term
	Definition
	Requirements in experiment

	Precision
	
	

	Reliability (external reliability)
	
	

	Accuracy
	
	

	Validity
	
	




[bookmark: _Sample_response_–_7][bookmark: _Ref230693171]Sample response – student resource – validity, reliability, precision and accuracy
Table 1 – a summary of key terms for experimental design
	Term
	Definition
	Requirements in experiment

	Precision
	Precision refers to how close repeated measurements are within a single experiment when conditions are held constant.
	To ensure precision, take repeated measurements within the same experiment under identical conditions. Results should be close together to demonstrate consistency within the dataset.

	Reliability (external reliability)
	External reliability refers to the consistency of measurements across separate experiments. If an investigation is repeated independently and yields similar results, it demonstrates strong external reliability.
	To achieve external reliability, other scientists must be able to replicate the experiment using the same method. Similar trends or patterns across repeated investigations increase confidence in the results.

	Accuracy
	Accuracy is how close a measurement is to the true or accepted value.
	To ensure accuracy, equipment must be properly calibrated and suitable for the measurement. Take measurements carefully to minimise systematic error.

	Validity
	Validity refers to whether an investigation measures what it is intended to measure. A valid experiment must clearly identify variables, control variables and use appropriate methods, ensuring that results are due to the independent variable.
	To ensure validity, change only one independent variable, measure the dependent variable appropriately and keep all controlled variables constant. The method must match the aim so that no alternative explanations influence the results. Valid experiments must also produce reliable and accurate data.




[bookmark: _Student_resource_–_11][bookmark: _Toc243065515]Student resource – the impact of pH on amylase efficiency
Instructions: plan and conduct a laboratory experiment to determine the impact of pH on amylase efficiency.
Table 1 – writing a quality equipment list
	Equipment list

	1 × test tube rack
6 × test tubes
1 × 10 mL measuring cylinder
1 × 50 mL measuring cylinder
1 × stopwatch
1 × digital thermometer
1 × water bath (set at 37°C)
1 × pipette (1 mL, graduated)
30 mL of 1% amylase solution
60 mL of 1% starch solution
60 mL each of pH buffer solutions (pH 1, pH 3, pH 5, pH 7, pH 9, pH 11)
1 × dropper bottle of 1% iodine solution
1 × spotting tile
1 × waterproof marker
1 × paper towel


Table 2 – the procedure for the experiment
	Procedure

	1. Label 6 test tubes as pH 1, pH 3, pH 5, pH 7, pH 9 and pH 11 using a waterproof marker.
Using a 10 mL measuring cylinder, add 2 mL of starch solution to each test tube.
Using a pipette, add 2 mL of the corresponding pH buffer solution (pH 1, 3, 5, 7, 9 or 11) to each labelled test tube.
Place all test tubes and the container holding the amylase solution into a water bath set at 37°C and allow them to equilibrate for 5 minutes to ensure a constant temperature across all conditions.
Add 1 mL of amylase solution to the pH 1 test tube, immediately start the stopwatch and gently mix the contents of each tube to ensure even distribution.
Remove a drop from each test tube every 30 seconds and place it onto a spotting tile containing a drop of iodine solution to test for the presence of starch.
Record the time taken for the iodine solution to remain orange-brown (no blue-black colour change), indicating that starch has been fully broken down, in a table.
Rinse the test tubes and spotting tile thoroughly, then dry with a paper towel.
Repeat steps 5–7 for all pH levels.
Repeat the experiment a total of 5 times for each pH level under identical conditions.


Identify the variables in the laboratory experiment.
Independent variable: ___________________________________________________________
Dependent variable: ____________________________________________________________
Controlled variables: ____________________________________________________________
______________________________________________________________________________
______________________________________________________________________________

Justify the use of variables and an experimental control in a valid investigation.
	


Using the given procedure, explain how reliable data is collected.
	


Risk assessment
Table 3 – the risk assessment for the laboratory experiment
	Hazard and risk
	Risk rating
	Mitigation measures

	Iodine solution may splash into eyes or onto skin, causing irritation and staining.
	7
	Wear personal protective equipment such as safety goggles and gloves when handling iodine.
Clean up spills immediately.

	Glassware such as test tubes may break if dropped, producing sharp glass shards that can cut skin.
	6
	Use both hands to handle glassware and place it securely on stable surfaces or racks.
Inspect glassware before use and do not use damaged items.
Ask the teacher to clean broken glass using a brush and dustpan only. Never use your hands.

	Spilled liquids may create a slip hazard or knock over equipment, leading to secondary injuries.
	8
	Keep benches dry and uncluttered and place any glassware on a flat, stable surface.
Immediately wipe up spills and restrict movement around the experimental area during data collection.

	If spilled, extreme pH solutions (pH 1 and pH 11) may cause skin or eye irritation because they are corrosive.
	8
	Wear personal protective equipment such as safety goggles and gloves when handling buffer solutions.
Wash hands thoroughly after use.
Clean any spills immediately and inform the teacher.





Results
Table
Table 4 – the impact of pH on amylase efficiency
	pH
	Time for starch to break down (s)

	
	Trial 1
	Trial 2
	Trial 3
	Trial 4
	Trial 5
	Mean

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


Graph
Figure 1 – a graph showing the impact of pH on amylase efficiency[image: A blank grid for students to graph the results from their experiment.]
Data analysis questions
1. Evaluate the validity, reliability, accuracy and precision of the experiment.
	


1. Suggest improvements to the experimental design if you conduct it again.
	


Use the information below when embedding the reasoning for your conclusion about the impact of pH on amylase efficiency.
At the optimum pH (around pH 7 for amylase), the bonds that maintain the enzyme’s 3-dimensional structure remain stable. These bonds keep the active site in the correct shape, allowing starch molecules to fit easily. This promotes frequent enzyme–substrate collisions, leading to the formation of more enzyme–substrate complexes and a faster reaction rate.
At very low (acidic) pH levels, the increased acidity disrupts the bonds that hold the enzyme’s structure together. This changes the enzyme’s shape; in extreme cases, denaturation occurs. As a result, the active site no longer matches the shape of starch molecules, fewer enzyme–substrate complexes form and the reaction rate decreases significantly.
At very high (alkaline) pH levels, similar bond disruption occurs, altering the enzyme’s structure. This may result in denaturation at extreme pH values. As the active site changes shape, starch binds less effectively, reducing enzyme activity and slowing the reaction rate.
At moderate pH levels (for example, pH 5 or pH 9), the enzyme is not fully denatured, but some bonds may be affected, causing slight changes to the active site. This reduces binding efficiency between the enzyme and substrate, so the reaction still occurs but at a slower rate than at the optimum pH.
Conclusion
	




[bookmark: _Sample_response_–_8][bookmark: _Ref230694214][bookmark: _Ref230696229][bookmark: _Ref230693748]Sample response – student resource – the impact of pH on amylase efficiency
Identify the variables in the laboratory experiment.
Independent variable: pH (1, 3, 5, 7, 9 and 11). This will be manipulated using buffer solutions.
Dependent variable: the time taken for starch to be fully broken down, measured by the iodine test until it no longer is blue-black, reflects amylase activity because a shorter time indicates a faster reaction rate.
Controlled variables: include temperature (37°C water bath), enzyme concentration (1% amylase) and amount added (1 mL), substrate concentration (1% starch) and amount added (2 mL), amount of buffer solution added (2 mL), the same type and size of test tubes and time intervals for testing.
Justify the use of variables and an experimental control in a valid investigation.
	The independent variable is pH (1, 3, 5, 7, 9 and 11) because it is deliberately manipulated to investigate its effect on amylase activity. In a valid experiment, only one variable is manipulated at a time to ensure a fair test; therefore, pH is the only factor intentionally changed so that any differences in reaction rate can be directly attributed to pH. This allows you to establish a cause-and-effect relationship between pH and enzyme activity.
The dependent variable is the time taken for starch to be fully broken down, measured using the iodine test until no blue-black colour change occurs. This is appropriate because, in a valid experiment, the dependent variable must directly respond to changes in the independent variable, allowing the effect of pH on amylase activity to be measured. This ensures the investigation measures enzyme efficiency accurately rather than an unrelated outcome.
Controlled variables include temperature (37°C water bath), enzyme concentration (1% amylase), substrate concentration (1% starch), total reaction volume, test tube size and timing of iodine testing. In a valid experiment, all variables other than the independent variable must remain constant to ensure a fair test, so any changes in results are due only to pH. Temperature is controlled because enzyme activity is temperature-dependent and any variation could alter reaction rate independently of pH. Enzyme and substrate concentrations are controlled because changes in their amounts would directly affect collision frequency and reaction rate, making it impossible to isolate the effect of pH. Reaction volume and equipment are also controlled to ensure consistent mixing and measurement conditions, improving the fairness of the test and the validity of the results.
A control in an experiment provides a baseline for comparison, showing what occurs when the independent variable is absent. An experimental control is not required in this experiment because the investigation does not test the presence or absence of amylase or substrate; instead, it investigates a continuous relationship.


Using the given procedure, explain how reliable data is collected.
	Reliable primary data is obtained by repeating the experiment 5 times for each pH level under identical conditions. This improves internal reliability (precision) by allowing comparisons within the same experiment and reducing the impact of random error, such as timing delays or slight variations in mixing.
Using the same procedure each time, including identical volumes of starch and amylase, a constant temperature (37°C) and consistent timing intervals, ensures repeatable results that are not influenced by uncontrolled variation. This supports reliability because consistent methods lead to consistent results.
External reliability would be demonstrated if another group, repeating the experiment using the same method, produced a similar trend in results (for example, fastest starch breakdown at neutral pH and slower breakdown at extreme pH levels). This increases confidence that the findings are not specific to one set of measurements.


Results
Table
Table 4 – the impact of pH on amylase efficiency
	pH
	Time for starch to break down (s)

	
	Trial 1
	Trial 2
	Trial 3
	Trial 4
	Trial 5
	Mean

	1
	240
	270
	240
	270
	240
	252

	3
	180
	180
	210
	180
	210
	192

	5
	120
	150
	120
	150
	120
	132

	7
	60
	60
	90
	60
	60
	66

	9
	120
	150
	120
	150
	120
	132

	11
	240
	270
	240
	270
	240
	252


Graph
Figure 1 – a graph showing the impact of pH on amylase efficiency

Data analysis questions
1. Evaluate the validity, reliability, accuracy and precision of the experiment.
	The experiment demonstrates external reliability as the overall trend aligns with established scientific literature on amylase activity: maximum activity at approximately neutral pH and reduced activity under extreme acidic and alkaline conditions. For example, amylase activity is fastest at pH 7 (mean = 66 s) and much slower at pH 1 (mean = 252 s) and pH 11 (mean = 252 s). This pattern aligns with accepted biological understanding, increasing confidence that the trend is scientifically valid beyond this single dataset.
The experiment is not precise because repeated measurements are constrained by a fixed 30-second interval, limiting how closely results can align. Even if the enzyme reaction completes at different times within the same condition, it is always recorded to the nearest 30 seconds, creating artificial grouping of results (for example, multiple identical values such as 60 s or 120 s).
The experiment is not accurate because the iodine test and sampling method introduce measurement uncertainty. The endpoint of starch breakdown is not directly observed but inferred when a colour change fails to occur at the next 30-second check. For example, a reaction recorded as 60 seconds may have completed at 55 seconds or 75 seconds, meaning the recorded data consistently deviates from the true value.
The experiment is not valid. Although the experiment tests what it intends to and includes strong design features such as controlling temperature (37°C), enzyme concentration and starch concentration, it has limitations to its validity because it does not measure the dependent variable (time for starch breakdown) accurately enough. Using 30-second sampling intervals means the true endpoint occurs between measurements, so the recorded values are estimates rather than exact measurements. For example, at pH 7 the mean time is 66 seconds, but the true endpoint may occur anywhere between 60 and 90 seconds, meaning the dependent variable is not directly measured. This reduces the experiment’s ability to measure the effect of pH on amylase activity with precision.


1. Suggest improvements to the experimental design if you conduct it again.
	One improvement would be to reduce the measurement interval from 30 seconds to 10 seconds or use continuous monitoring. This would improve accuracy by measuring the dependent variable (time for starch breakdown) more precisely and closer to its true value.
Another improvement would be to use a colourimeter instead of iodine testing. This would remove subjective judgement of colour change and improve accuracy and precision by providing quantitative data for starch concentration.


Conclusion
	Amylase works most efficiently at pH 7 because this matches the conditions in the parts of the human body where it is naturally active, particularly the mouth and small intestine. This is supported by the results, with the shortest mean reaction time at pH 7 (66 s), compared with much longer times at pH 1 (252 s) and pH 11 (252 s), showing a clear decrease in enzyme activity away from neutral conditions. Under these neutral conditions, hydrogen and ionic bonds within the enzyme remain stable, allowing amylase to maintain its specific 3-dimensional structure and a correctly shaped active site complementary to starch, resulting in frequent enzyme–substrate collisions and rapid catalysis. As pH becomes more extreme, these bonds are disrupted, altering the active site so starch can no longer bind effectively, which reduces the reaction rate and increases reaction time. At extreme pH values such as pH 1 and pH 11, this structural disruption is severe enough that the enzyme denatures, meaning the active site is permanently changed and the enzyme can no longer function effectively, explaining the very slow reaction rates observed in the data.




[bookmark: _Student_resource_–_12][bookmark: _Toc243065516]Student resource – analysing a graph on impact of pH on amylase efficiency
Instructions: engage with the information below and the graph in Figure 1 to respond to the questions provided.
In scientific investigations, results are often presented as a graph of reaction rate rather than the time taken for a reaction to occur. In your experiment, you measured the time taken for starch to break down at different pH levels. This tells you how long the reaction took to reach completion. However, scientists often convert this data into a reaction rate, calculated as 1 ÷ time. This means that shorter reaction times produce higher reaction rates, and longer reaction times produce lower reaction rates. Figure 1 shows the relationship between pH and amylase enzyme activity, with enzyme efficiency represented as reaction rate, based on a similar experiment conducted by students.
Both time and reaction rate describe the same biological process, but they present it differently. When time is used, a smaller value indicates a faster reaction. When rate is used, a larger value indicates a faster reaction. This is why graphs of enzyme activity usually show reaction rate on the y-axis, as it makes it easier to compare how quickly the reaction is occurring under different conditions.
Figure 1 – a graph showing the effect of pH on amylase efficiency

Questions
1. Describe what Figure 1 shows about the relationship between pH and amylase activity.
	


1. Compare the results in Figure 1 with your experimental results.
	


1. Evaluate the reliability of your experimental results by referring to the results in Figure 1.
	




[bookmark: _Sample_response_–_9][bookmark: _Ref231891838]Sample response – student resource – analysing a graph on impact of pH on amylase efficiency
1. Describe what Figure 1 shows about the relationship between pH and amylase activity.
	Figure 1 shows that amylase activity is highest at pH 7, where the reaction rate peaks, indicating that this is the optimum pH for enzyme function. At this point, starch is broken down most efficiently.
As the pH moves away from 7 in either direction, enzyme activity decreases. Under strongly acidic conditions (such as pH 1 and pH 3) and strongly alkaline conditions (such as pH 9 and pH 11), the reaction rate is much lower, showing that the enzyme becomes less effective. This creates a clear bell-shaped curve, demonstrating that amylase functions best under neutral conditions and is inhibited by extreme pH levels.


1. Compare the results in Figure 1 with your experimental results.
	Both Figure 1 and the class experimental results show the same overall trend: amylase activity peaks at pH 7 and declines as pH moves towards more acidic or more alkaline conditions. In the class data, the shortest mean time occurred at pH 7 (66 seconds), while much longer times were recorded at pH 1 and pH 11 (both 252 seconds).
Both datasets show a clear optimum at pH 7 and reduced activity at extreme pH values. A difference is that Figure 1 shows a smoother curve. In contrast, my results show more variation between trials, particularly at intermediate pH values such as pH 3 and pH 5, where the recorded times were less consistent.


1. Evaluate the reliability of your experimental results by referring to the results in Figure 1.
	The class results are reliable because the overall trend aligns with Figure 1, which shows that amylase activity peaks at pH 7 and declines at more extreme pH levels. This consistency with established scientific understanding increases confidence in the results.




[bookmark: _Toc243065517]Teaching advice
This lesson is designed so students initially work with raw time data without converting it to reaction rate. During the practical, students record the time taken for starch to break down at different pH levels and analyse patterns using time as the sole measure of enzyme activity. At this stage, students naturally interpret the data as ‘lower time = faster reaction’, which is correct but may lead to errors when they later encounter graphs using reaction rate.
After students identify trends and relationships in the time-based data and form a preliminary conclusion, the teacher consolidates learning by introducing the concept of reaction rate (1 ÷ time). The teacher continually points out that this simply offers a different expression of the same biological process. The class then revisits their original conclusion and compares how the interpretation changes when using reaction rate instead of time, using the second dataset to evaluate the experiment's external reliability.
This consolidation stage is critical: students reinterpret their results using the provided reaction rate graph, which shows that in graphs, ‘lower numbers do not always mean lower performance’, or, in this case, lower enzyme efficiency. The teacher repeatedly links back to enzyme efficiency, reinforcing that a higher reaction rate indicates faster enzyme activity, ensuring students understand both representations of the same data and can move between them fluently.
When discussing the effect of pH, avoid over-emphasising memorisation of denaturation; instead, focus on cause-and-effect reasoning: structure, active-site shape, enzyme–substrate binding and reaction rate. Use the class data frequently to anchor explanations, particularly the contrast between moderate to neutral pH and extreme pH values. 
Background information
Amylase is a digestive enzyme that breaks down starch into simpler sugars. It is naturally present in human saliva and remains active in the small intestine. Its activity depends on its 3D structure, particularly the shape of its active site, which allows starch molecules to bind and form enzyme–substrate complexes.
Enzyme activity is influenced by pH because changes in acidity or alkalinity can disrupt hydrogen and ionic bonds that maintain the enzyme’s structure. At the optimum pH (around pH 7 for amylase), these bonds remain stable, enabling efficient enzyme–substrate binding and a high reaction rate.
At more acidic or more alkaline pH levels, these bonds begin to break, altering the shape of the active site. This reduces enzyme–substrate binding and slows the reaction. At extreme pH values, the enzyme may become denatured, meaning its structure is permanently altered, and it can no longer function effectively.
In scientific investigations, enzyme activity is often measured by reaction rate rather than by time. Time data (how long a reaction takes) are inversely related to reaction rate (1 ÷ time). Reaction rate is preferred in scientific graphs because it provides a clearer visual comparison of enzyme efficiency across different conditions, with higher values always indicating faster reactions.
Checks for understanding
[bookmark: _Check_for_understanding_12][bookmark: _Ref230696599]Check for understanding 1 (3.6 PPT)
Why is pH 7 usually the optimum pH for amylase in the human body?
Check for understanding 1 sample response
pH 7 is usually the optimum pH for amylase because it matches the natural conditions of some parts of the human body where amylase functions, such as the mouth and small intestine. At pH 7, the enzyme’s active site retains its shape, allowing starch to bind effectively; extreme pH levels disrupt this shape and reduce activity.
Note: this is the end of the resource book. At this point, students should complete the assessment task, the in-class examination on the impact of pH on catalase efficiency.
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Effect of temperature on catalase activity in potato

Mean maximum bubbling height (mm)	5	20	35	50	65	9.1999999999999993	26.2	59.4	31.2	10	Temperature (°C) 


Mean maximum bubbling height (mm)



Effect of substrate concentration on catalase efficiency in potato

oxygen gas volume (mL)	1	2	4	6	8	11.8	22.4	40	48.8	49	Substrate concentration (%) 


Oxygen gas volume (mL)



Effect of pH on amylase activity

Time for starch to break down (s)	1	3	5	7	9	11	252	192	132	66	132	252	pH


Time for starch to break down (s)



Effect of pH on rate of breakdown of starch with amylase 

Rate of breakdown of starch (1/t)	1	3	5	7	9	11	3.3E-3	5.5999999999999999E-3	8.3000000000000001E-3	3.3300000000000003E-2	1.2500000000000001E-2	5.0000000000000001E-3	pH


Rate of starch breakdown (1/t)




image34.png




image2.png
3.1 Consolidating cell requirements (1 of 2)

Cells need (substance) because..........

1.

2.

Cells need glucose because........

Cells need oxygen because........

Plants need carbon dioxide because........

Cells need water because........

Cells need amino acids and ions because
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3.1 Consolidating cell requirements (2 of 2)

Cells need (substance) because..........

1.

2.

Cells need glucose because it provides energy for cellular activities.

Cells need oxygen because it helps release energy from glucose in cellular respiration.
Plants need carbon dioxide because it is used in photosynthesis to produce glucose.

Cells need water because it supports chemical reactions and the movement of substances.

Cells need amino acids and ions because they help build proteins and support enzyme-
catalysed reactions.

258




image4.png
OH

CH,OH

OH

OH
OH




image5.png




image6.png




image7.png
3.1 Check for understanding 1

Match the substance to how it meets cellular

requirements.

Word bank
Carbon
Glucose Oxygen dioxide
Water Amino acids lons

Supports reactions and
movement of substances.

Allows cells to grow, repair, and
control reactions.

Provides energy so cells can
grow, repair, and carry out
activities.

Helps plant cells produce food
for energy and growth.

Supports normal cell function
and enzyme activity.

Allows cells to release energy.
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3.1 Check for understanding 1
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Supports reactions and
movement of substances.

Allows cells to grow, repair, and
control reactions.

Provides energy so cells can
grow, repair, and carry out
activities.

Helps plant cells produce food
for energy and growth.

Supports normal cell function
and enzyme activity.

Allows cells to release energy.
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3.2 Check for understanding 1 (1 of 2)

This work has been generated using BioRender.com. Any

copyright subsisting in this work is owned by © State of New
South Wales (Department of Education) 2026.

Match up the term to the definition to the image/chemical formula.

Term Definition Chemical formula/lmage
ATP The process by which a living organism or cells break down organic H,0
molecules to release energy.
Carbon A colourless, odourless gas that is essential for cellular respiration in *
dioxide organisms. '
Glucose The primary energy-carrying molecule used by all living cells to fuel various CO,

processes.

Oxygen (gas)

A transparent and nearly colourless chemical substance made of hydrogen

and oxygen. It is essential for life.

CgH;,06 + 60, > 6CO, +
6H,0 + energy (ATP)

Water

A colourless, odourless and non-flammable gas that is essential for

photosynthesis in plants.

0,
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3.2 Check for understanding 1 (2 of 2)

This work has been generated using BioRender.com. Any

copyright subsisting in this work is owned by © State of New
South Wales (Department of Education) 2026.

Match up the term to the definition to the image/chemical formula.

Term Definition Chemical formula/lmage
ATP The primary energy-carrying molecule used by all living cells to fuel *
various processes. '
Carbon dioxide | A colourless, odourless and non-flammable gas that is essential for CO,
photosynthesis in plants.
Glucose A simple sugar that serves as the primary source of energy for organisms. | CgH;,0¢
Oxygen (gas) A colourless, odourless gas that is essential for cellular respiration in 0,
organisms.
Water A transparent and nearly colourless chemical substance made of H,O
hydrogen and oxygen. It is essential for life.
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3.4 Which environment works best?

Consolidating understanding of catalase efficiency in different environments

You are given three different environments, a refrigerator (5°C), the human body (37°C) and a hot

environment (60°C).
Decide where catalase would work best. For each scenario:
» Identify the relative enzyme efficiency (low / medium / high).

» Explain your answer using your knowledge of enzymes (temperature, particle movement, active

site, denaturation).
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Claim, Evidence, Reasoning (CER) Topic: impact of temperature on enzyme efficiency

Concept: enzyme efficiency

Evidence

Provide reliable information from
experiments, facts or a reliable
source that supports the claim.

State an answer to the
question/prompt.

Reasoning

Explain how the evidence
supports the claim.

Mean foam height increased from
9.2 mm at 5°C to 26.2 mm at 20°C.

» Peak enzyme activity occurred at
35°C indicated by 59 mm foam
height.

* Foam height then decreased to 31.2

mm at 50°C and 10.0 mm at 65°C.

@alase activity in potato increases
with temperature up to an optimum
point (35°C), then decreases at

higher temperatures.

Increasing temperature (5°C -
35°C) increases particle kinetic
energy.

This leads to more frequent
successful collisions between
catalase and hydrogen peroxide,
increasing oxygen production.

At 35°C, catalase is at its optimum
temperature and active site function
is most efficient.

Above 35°C, the enzyme begins to
denature.

Denaturation changes the shape of
the active site, reducing substrate
binding and decreasing reaction rat
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                   Claim, Evidence, Reasoning (CER) Topic: impact of temperature on enzyme efficiency Concept : enzyme efficiency Catalase activity in potato increases with temperature up to an optimum point (35 ° C), then decreases at higher temperatures. • Mean foam height increased from 9. 2 m m at 5 ° C to 26.2 m m at 20 ° C. • Peak enzyme activity occurred at 35 ° C indicated by 59 m m foam height. • Foam height then decreased to 31.2 m m at 50 ° C and 10. 0 m m at 65 ° C. • Increasing temperature (5 ° C  35 ° C) increases particle kinetic energy. • This leads to more frequent successful collisions between catalase and hydrogen peroxide, increasing oxygen production. • At 35 ° C, catalase is at its optimum temperature and active site function is most efficient. • Above 35 ° C, the enzyme begins to denature. • Denaturation changes the shape of the active site, reducing substrate binding and decreasing reaction rate.
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3.5 Group discussion

Why does the reaction plateau?

A student increases hydrogen peroxide concentration in a catalase experiment. The oxygen

production increases at first, then stops increasing even though more substrate is added.

Discuss with your group then share with the class:
1. Describe the relationship between substrate concentration and reaction rate.
2. Explain why the reaction rate eventually slows and plateaus.

3. Explain what is restricting the reaction at high substrate concentration.

312
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