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[bookmark: _Toc223937737][bookmark: _Toc243061199]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 practice 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 8 hours.
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.
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 Biology 11–12 web page.
[bookmark: _Toc223937738]

[bookmark: _Toc243061200]2.1 Fluid mosaic model of the cell membrane: practical investigation
Students use the fluid mosaic model to explain how the structure of the cell membrane relates to its function, before constructing and evaluating the model.
Table 1 – learning intention and success criteria
	[bookmark: _Toc128649917][bookmark: _Toc141426382]We are learning:
	I can:

	to explain how the structure of the cell membrane supports biological processes
	describe the fluid mosaic model of the cell membrane
explain the structure and function of phospholipids, proteins, cholesterol and glycoproteins in the cell membrane

	to use models to explain cellular processes.
	make a model of a cell membrane
explain the advantages and disadvantages of using models to study cells
evaluate a model of the cell membrane.


[bookmark: _Toc223937739][bookmark: _Toc243061201]Lesson sequence instructions
Activate
Activate students’ prior knowledge using effective questioning strategy. Start by asking, ‘What is a cell membrane?’ Allow students time to respond and then follow-up with targeted questions to promote deeper thinking. Table 2 below provides example questions, anticipated student responses and follow-up probing questions. See slide 2.1 PPT ‘Cell membrane’.
Display one question at a time and provide sufficient wait time for students to formulate their responses. 
[bookmark: _Ref236218527][bookmark: _Ref240290697]Table 2 – cell membrane questioning sequence
	Question
	Expected student response
	Follow-up probing question
	Expected student response

	What is the cell membrane?
	The cell membrane is the thin outer layer surrounding the cell.
	What does it separate?
	It separates the cell’s internal environment from the external environment.

	What is the primary function of the cell membrane?
	It acts as a barrier, controlling what enters and leaves the cell.
	Why does this control matter to the cell?
	It helps maintain the cell’s stability by preventing harmful substances, such as toxins and certain chemicals, from entering the cell and disrupting its normal functions.

	Can you name some substances that must enter a cell and others that must exit?
	Enter: oxygen, water, glucose.
Leave: carbon dioxide, waste, water.
	Do you think these substances move across the membrane in the same way?
	No, some substances move freely, but others may need help to cross the membrane because of their size.

	What could occur if all substances could move freely into and out of the cell?
	If all substances moved freely across the cell membrane, harmful substances would enter while essential nutrients and other vital substances would leave.
	Which features enable a cell membrane to control what passes in and out of the cell?
	The barrier should block some things but permit others to pass.


Core learning
Structure of cell membrane
1. Explain that the membrane surrounding the cell is called the ‘plasma membrane’. It serves as a barrier between the cell’s interior and exterior, controlling the movement of substances in and out.
1. Explain that students will now investigate the structures within the cell membrane that make it selectively permeable, allowing some substances to cross more readily than others. Membranes also surround some cell organelles, such as the nucleus and mitochondria. These internal membranes separate organelles from the cytoplasm and contribute to compartmentalisation, dividing the cell into specialised compartments. This allows different cellular processes and chemical reactions to occur under specific conditions within different parts of the cell.
1. Use the diagram in slide 2.1 PPT ‘Extracellular fluid’ to model your thinking about the idea that cells exist within fluid environments and rely on membranes to regulate exchange. Explain the structure and function of each component of the cell membrane. Provide a copy of the Student resource – fluid mosaic model and ask students to annotate the diagram by labelling each component and writing its function. A sample response has been provided in Sample response – student resource – fluid mosaic model.
1. Display slide 2.1 PPT ‘Fluid mosaic model’ and explain that this model represents the structure of the cell membrane. Discuss that the cell membrane is not a rigid or static layer, but a flexible, dynamic structure composed of different components that work together. Clarify the terminology:
‘Fluidity’ refers to the ability of membrane components, particularly phospholipids and some proteins, to move within the membrane. This allows the cell membrane to function as a dynamic, flexible barrier rather than as a rigid structure.
‘Mosaic’ refers to the arrangement of different components embedded within the membrane, including proteins, cholesterol and carbohydrate-containing structures.
Clarify that the plasma membrane mainly consists of:
phospholipids arranged in a bilayer
cholesterol molecules
integral proteins
peripheral proteins
glycoproteins and glycolipids (carbohydrates attached to proteins or lipids).
Discuss that the proportions of proteins, lipids and carbohydrates vary by cell type. In a typical human cell membrane, proteins account for approximately 50%, lipids 40% and carbohydrates 10% of the membrane mass. Emphasise that membrane carbohydrates occur only on the outer surface of the membrane, attached to proteins (forming glycoproteins) or lipids (forming glycolipids).
Clarify that while both prokaryotic and eukaryotic cells possess plasma membranes with the same fundamental structure, eukaryotic cells also contain internal membranes surrounding organelles. These membranes share the same basic organisation but differ in composition according to the specialised functions of the organelles.
Explain the structure and function of each component of the cell membrane. Display slide 2.1 PPT ‘Cell membrane structure and function’ and begin with the phospholipid bilayer, which forms the foundational structure and acts as a selectively permeable barrier separating the internal and external environments. Explain that each phospholipid molecule has 2 distinct regions: 
Hydrophilic (water-attracting) phosphate head: polar and facing the watery environments inside and outside the cell.
Hydrophobic (water-repelling) fatty acid tails: nonpolar and face inward, away from water.
Explain that because cells exist in aqueous environments, phospholipids naturally arrange themselves into a double layer (bilayer) with hydrophilic heads facing the extracellular fluid and the cytoplasm and hydrophobic tails facing inward toward one another. This arrangement creates a hydrophobic interior between 2 hydrophilic surfaces. Highlight that phospholipids can move within the membrane, contributing to the membrane’s fluidity, flexibility and selective permeability.
Discuss that the cell membrane also contains cholesterol molecules and proteins embedded within it and located around it.
Cholesterol molecules are embedded between the phospholipid tails in the cell membrane. They help maintain membrane stability and fluidity, preventing the membrane from becoming too rigid at low temperatures and too fluid at high temperatures. They also reduce the membrane’s permeability to certain small molecules.
Integral proteins are embedded within the phospholipid bilayer, with many spanning the entire membrane and known as transmembrane proteins. They function as transport proteins, receptors, enzymes and cell adhesion molecules. Some form channels or carriers that facilitate selective transport.
Protein channels are integral proteins that form hydrophilic pores across the membrane. They allow specific ions and polar molecules that cannot easily pass through the hydrophobic phospholipid bilayer to cross the membrane without disrupting its structure. Channel proteins are selective, allowing only certain substances to pass through based on factors such as size and charge.
Peripheral proteins are attached to the inner or outer surface of the membrane without spanning the bilayer. They provide structural support by linking the membrane to the cytoskeleton and helping maintain cell shape. They also play roles in cell signalling and in transmitting messages within the cell.
Glycoproteins are attached to carbohydrate chains on the outer surface of the cell membrane. They act as cell recognition markers, enabling cells to identify and interact with one another. They play important roles in cell communication, immune responses and cell adhesion by supporting signalling processes and facilitating interactions between cells and their external environment.
Use slide 2.1 PPT ‘Membrane proteins’ to reinforce the different functions of proteins in the cell membrane. Play the video Fluid mosaic model (3:17) on slide 2.1 PPT ‘Fluid mosaic model explained’ and reinforce the structural features and functions of the cell membrane. Pause as needed to discuss the key points. Ask students to complete the questions in Student resource – fluid mosaic model.
Use Check for understanding 1 (2.1 PPT) to check students’ understanding of the cell membrane structure. Provide students with mini whiteboards. Using slide 2.1 PPT ‘Check for understanding 1’, display one question at a time and ask students to write their response on the mini whiteboard and display their responses simultaneously (Checking for understanding – response systems). Review responses and address any misconceptions that students may have. 
Using models in science
Preparing for the activity
Prepare for the practical activity, make a plasticine model of the cell membrane. Order the following equipment:
1 x A4 piece of cardboard
1 x plasticine of different colours
1 x box of toothpicks
1 x set of labels.
Facilitating the activity
1. Explain that a ‘scientific model’ is a simplified representation of a real-world object, system or process. Models help scientists understand, explain and predict how things work when direct observation or experimentation is difficult. Scientific models are not exact copies of reality. They are based on current evidence and may change when new discoveries are made. Models can take different forms, including:
Physical models: 3-dimensional representations (for example, a model of a cell).
Diagrammatic models: drawings, concept maps, or labelled diagrams.
Mathematical models: equations and calculations used to explain patterns.
Conceptual models: explanations that describe how components interact.
Organise students into groups of 4–5 and provide each group with a piece of cardboard, plasticine, toothpicks and labels. 
Clarify that students will create a model of the cell membrane using these materials.
Demonstrate how to model the phospholipid bilayer using plasticine and explain how to represent hydrophilic heads and hydrophobic tails. Use slide 2.1 PPT ‘Plasticine model of cell membrane’ and explain that different colours of plasticine can represent different structures in the cell membrane. Work alongside students to identify and discuss ways to represent each remaining cell membrane component. Prompt students with questions such as:
What colours should the proteins be?
Where should proteins be placed, and for what reason?
What colours or shapes should be used for the glycoprotein to represent the carbohydrate?
How can we show cholesterol in the membrane?
Construct part of the model together as a class, then ask students to work in groups to complete their own models. Reinforce that they must include and correctly position the phospholipid bilayer, integral proteins, peripheral proteins, protein channels, cholesterol and glycoproteins. Encourage students to use the toothpicks and labels to label each component. Continue monitoring each group’s progress, ask probing questions and address any misconceptions. 
Once completed, invite groups to present their models and explain how the models represent the structure and function of the cell membrane. As students present their models, ask them to modify one feature of their model and predict how this would affect membrane function. Some examples of prediction questions and expected responses are given below:
What would happen if the phospholipids became more tightly packed? (Membrane fluidity would decrease, potentially reducing the movement of some substances through the membrane.)
What would happen if there were fewer channel proteins in the membrane? (The movement of ions such as Na⁺ and K⁺ across the membrane would decrease.)
What would happen if cholesterol were removed from the membrane? (The membrane’s fluidity and stability would be altered.)What would happen if all proteins were removed from the membrane? (Transport, cell signalling and other protein-dependent membrane functions would be disrupted or stop.)
After students have completed the presentation, guide a discussion on how the activity has helped deepen their understanding of the structure and function of the cell membrane. Discuss that although the model provides a simplified visual representation of the cell membrane, making abstract ideas concrete and easier to understand, it also has limitations. It does not show the dynamic and fluid nature of the cell membrane, as the phospholipid bilayer and proteins do not move. It also does not represent the scale and movement of molecules across the membrane.
Use Check for understanding 2 (2.1 PPT) to check students’ understanding.
Differentiation: for students who require additional support, provide partially completed model templates that include the outline of the phospholipid bilayer, a list of key terms for labels and colour-coding instructions as needed.
Ask students to complete the reflection on their model using the Student resource – model reflection. Sample answers are provided in the Sample response – student resource – model reflection resource.
Consolidate
1. [bookmark: _Toc223937740]Organise students into groups of 4–5.
1. Provide each group with an enlarged printed copy of the concept map Student resource – fluid mosaic model concept map and ask them to independently annotate it by adding descriptions of the structure and function of each component of the cell membrane. Display slide 2.1 PPT ‘Fluid mosaic model concept map (1 of 2)’ to introduce the activity.
1. After completion, display slide 2.1 PPT ‘Fluid mosaic model concept map (2 of 2)’ to review responses as a class, reinforce key ideas and address any misconceptions. Sample responses are also provided in the Sample response – student resource – fluid mosaic model concept map document.

[bookmark: _Student_resource_–][bookmark: _Ref232629785][bookmark: _Toc243061202]Student resource – fluid mosaic model
1. Annotate the fluid mosaic model of the cell membrane by labelling the key structural components and their main functions below:
	Figure 1 – fluid mosaic model of cell membrane

	[image: A diagram of a cell membrane showing membrane proteins and molecules embedded in the lipid bilayer, with labels for extracellular space, cell membrane and intracellular space.]

	[bookmark: _Toc223937742]
This work was generated using BioRender.com. Any copyright subsisting in this work is owned by © State of New South Wales (Department of Education) 2026.



Using the information presented in the video Fluid mosaic model (3:17), complete the following sentences:
	The cell membrane is a protective layer that …
The cell membrane protects the cell by …
Under a microscope, the cell membrane shows a …
Cell membranes comprise 3 main types of molecules:
Individual phospholipids arrange themselves into …
The phospholipid head is a phosphate molecule …
The 2 tails of a phospholipid consist of …
Because of the hydrophilic head and a hydrophobic tail, phospholipids arrange themselves into …
Cholesterol is a special molecule that helps …
Integral proteins help …
Peripheral proteins are …
Glycoproteins play an important role in …
The fluidity of the cell membrane allows substances to …


How does the structure of the cell membrane enable it to separate the fluid inside the cell from the fluid outside the cell?
	


[bookmark: _Ref232629808]

[bookmark: _Sample_response_–][bookmark: _Ref232678301]Sample response – student resource – fluid mosaic model
1. Annotate the fluid mosaic model of the cell membrane by labelling the key structural components and their main functions below:
	Figure 1 – sample response, fluid mosaic model of cell membrane 
[image: Diagram of a cell membrane showing phospholipid bilayer as foundational structure, with extracellular and intracellular spaces labelled. Cholesterol supports stability and fluidity; protein channels transport large substances; peripheral and integral proteins support communication, transport, and cell adhesion; glycoproteins enable recognition and communication.]
This work was generated using BioRender.com. Any copyright subsisting in this work is owned by © State of New South Wales (Department of Education) 2026.


Using the information presented in the video Fluid mosaic model (3:17), complete the following sentences:
	1. The cell membrane is a protective layer that surrounds the cell and holds its contents inside.
The cell membrane protects the cell by regulating which substances enter and leave it.
Under a microscope, the cell membrane shows a mosaic of different molecules that move within the membrane. Scientists describe this as the ‘fluid mosaic model’.
Cell membranes comprise 3 main types of molecules: phospholipids, cholesterol and proteins.
Individual phospholipids arrange themselves into 2 layers with their heads pointing outward and their tails pointing inward, to form a phospholipid bilayer.
The phospholipid head is a phosphate molecule with a slight charge, so it is polar and thus attracted to water (hydrophilic).
The 2 tails in a phospholipid consist of uncharged fatty acids, making them non-polar and water-repellent (hydrophobic).
Because of the hydrophilic head and hydrophobic tail, phospholipids arrange themselves into 2 rows, with hydrophilic heads facing the water on the inside and outside of the cell, and the hydrophobic tails hidden inside.
Cholesterol is a special molecule that helps phospholipids to stay close together and regulates the fluidity and permeability of the cell membrane.
Integral proteins help transport large molecules across the cell membrane in either direction, into or out of the cell.
Peripheral proteins are involved in communication and transport.
Glycoproteins play an important role in immune cell recognition.
The fluidity of the cell membrane allows substances to move across it while regulating what enters and leaves the cell.


How does the structure of the cell membrane enable it to separate the fluid inside the cell from the fluid outside the cell?
	The cell membrane separates the fluid inside the cell from the external environment through its phospholipid bilayer structure. Phospholipids are arranged with hydrophilic (water-attracting) heads facing the fluid inside and outside the cell and hydrophobic (water-repelling) tails facing inward. This arrangement creates a selective barrier that prevents many substances from moving freely across the membrane while allowing specific molecules to enter or leave through membrane proteins. As a result, the cell membrane maintains different internal and external environments and helps regulate the movement of substances to maintain cell function.
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[bookmark: _Toc243061203]Student resource – fluid mosaic model concept map
Work in groups to complete the following concept map.
Figure 1 – fluid mosaic model concept map
[image: Concept map for students to complete: Concept map illustrates fluid mosaic model of cell membrane structure and components. Blue central node connects phospholipid bilayer, phospholipids, cholesterol, and proteins classified as integral, channel, peripheral, or glycoprotein, with colored molecular icons and blank callout boxes for explanations.]

[bookmark: _Ref232679095]Sample response – student resource – fluid mosaic model concept map
Figure 1 – sample response, fluid mosaic model concept map
[image: Sample response: A concept-map diagram explains fluid mosaic model of cell membranes and relationships among phospholipid bilayer, proteins, and cholesterol. Blue central node branches to membrane components, while labeled callouts describe hydrophilic heads, hydrophobic tails, selective permeability, protein functions, cholesterol stabilization, and glycoprotein cell recognition.]

[bookmark: _Student_resource_–_2][bookmark: _Sample_response_–_2][bookmark: _Student_resource_–_1][bookmark: _Ref232691009][bookmark: _Toc243061204]Student resource – model reflection
Reflect on your model and answer the following questions:
1. Which part of your model best represents the real membrane? Explain why.
	


What limitations does your model have?
	


How does your model demonstrate that the membrane is both structured and flexible?
	


Explain the role of the cell membrane in cell survival. In your response, include how the membranes around organelles support cell survival.
	




[bookmark: _Sample_response_–_1][bookmark: _Ref232691028]Sample response – student resource – model reflection
1. What part of your model best represents the real membrane? Explain why?
	The phospholipid bilayer best represents the real membrane because it clearly shows the membrane arranged in 2 layers, with hydrophilic heads facing outward and hydrophobic tails facing inward. This directly reflects how the cell membrane forms a barrier around the cell.


What limitations does your model have?
	The model is inaccurate because it is static and does not illustrate the dynamic movement of molecules within the membrane. It also cannot represent the membrane’s tiny scale or the complex molecular interactions that occur, such as protein shape changes or the mechanisms involved in molecule transport.


How does your model demonstrate that the membrane is both structured and flexible?
	The model shows structure through the organised arrangement of phospholipids, proteins, cholesterol, and carbohydrates at specific positions. It also shows flexibility because the components are not fixed and can move, reflecting the membrane’s fluid nature.


Explain the role of the cell membrane in cell survival. In your response, include how the membranes around organelles support cell survival.
	The cell membrane plays a vital role in cell survival by controlling what enters and leaves the cell. It is selectively permeable, allowing some substances to pass through while blocking others. This regulation ensures that essential materials such as oxygen, water and nutrients enter the cell, while waste products like carbon dioxide and toxins are removed. This balance is necessary to maintain stable internal conditions, known as homeostasis. The membrane also protects the cell by acting as a barrier between the cell’s internal environment and its external surroundings. In addition, membrane proteins help cells communicate and respond to changes in their environment. Besides cell surface membranes, membranes around cell organelles help compartmentalise the cell and create separate environments for specific processes; for example, membranes around mitochondria facilitate chemical reactions that produce energy.


[bookmark: _Toc223937743][bookmark: _Toc243061205]Teaching advice
When teaching this content, build students’ understanding of the relationship between structure and function and how it is linked to survival. Begin by using diagrams of the fluid mosaic model to explain the roles of phospholipids, proteins, cholesterol and carbohydrates. Incorporate purposeful questioning to deepen understanding, for example, ‘How does the arrangement of phospholipids create a barrier?’ and ‘Why do proteins need to be embedded in the membrane?’ Emphasise that cell membranes also surround organelles such as the nucleus, mitochondria, endoplasmic reticulum and Golgi apparatus. Explain that these internal membranes create compartments within the cell, allowing different processes to occur in specialised environments. This compartmentalisation increases efficiency and organisation within the cell. 
Use a Gradual release of responsibility approach (I do, we do, you do) to demonstrate how to construct a physical model of the cell membrane, using materials such as plasticine to represent key components and their arrangement. This hands-on task supports conceptual understanding by making abstract structures more concrete. After building their model, guide students to evaluate it, identifying what it represents well and where it is limited compared with a real cell membrane. This evaluation stage is essential for developing scientific thinking about models as representations rather than exact replicas. Throughout the lesson, reinforce key vocabulary, address misconceptions and conduct regular formative checks using Checking for understanding – response systems to ensure students can explain how membrane structure supports selective permeability and cell survival.
Background information
The cell membrane, also known as the plasma membrane, is a selectively permeable barrier surrounding all cells. It is essential for maintaining the cell’s internal environment and for communication with the external environment. According to the fluid mosaic model, the membrane consists of a phospholipid bilayer with embedded proteins, cholesterol and carbohydrate chains. The phospholipid bilayer forms the basic structure of the membrane. Phospholipids are arranged so that their hydrophilic (water-attracting) heads face outward towards the intracellular and extracellular fluids, while their hydrophobic (water-repelling) tails face inward. This arrangement forms a barrier that regulates the movement of substances into and out of the cell. Membrane proteins perform many key functions, including regulating the transport of specific substances across the membrane, enabling the cell to respond to chemical signals and helping cells identify and communicate with each other. Cholesterol is embedded within the phospholipid bilayer and helps maintain membrane stability and flexibility, preventing the membrane from becoming too rigid or too fluid.
Cell membranes also surround organelles such as the nucleus, mitochondria, endoplasmic reticulum and Golgi apparatus. These internal membranes create compartments within the cell, allowing different processes to occur in specialised environments. This compartmentalisation increases efficiency and organisation. Together, the cell membrane and organelle membranes are essential for cell survival. They regulate transport, support communication, maintain stable internal conditions (homeostasis) and ensure that cellular processes occur in the correct location. Without functional membranes, cells cannot control their internal environment, leading to loss of function and eventual cell death.

Checks for understanding
[bookmark: _Check_for_understanding_1][bookmark: _Ref236218593]Check for understanding 1 (2.1 PPT)
Answer the following questions using mini whiteboards.
1. Draw a labelled diagram of a phospholipid.
1. What components make up the cell membrane?
1. What are the different types of proteins found in the cell membrane?
Check for understanding 1 sample response
1. 
	 Figure 1 – a labelled phospholipid molecule
Hydrophilic head
Hydrophobic tail



This work was generated using BioRender.com. Any copyright subsisting in this work is owned by © State of New South Wales (Department of Education) 2026.



The cell membrane is made up of phospholipids, proteins and carbohydrates.
Types of proteins found in the cell membrane include integral proteins, protein channels, peripheral proteins and glycoproteins.
[bookmark: _Check_for_understanding][bookmark: _Ref232692326]Check for understanding 2 (2.1 PPT)
Use the following words to write a short paragraph to explain how the cell membrane supports survival:
selective permeability
protein channels
glycoprotein
cholesterol.
Check for understanding 2 sample response
Cell membranes support cell survival through selective permeability, which controls what enters and leaves the cell so useful substances can enter and waste products can leave. Channel proteins help specific molecules move across the membrane quickly and efficiently. Glycoproteins are involved in cell recognition and communication, helping the cell respond to its environment and interact with other cells. Cholesterol helps keep the membrane stable and flexible, so it does not become too rigid or too fluid.

[bookmark: _Toc243061206]2.2 Transport across the cell membrane (practical investigation)
Students learn about how materials move across the cell membrane. They use a computer simulation to explore how the physical and chemical properties of substances influence their transport across cell membranes. 
Table 3 – learning intention and success criteria
	We are learning:
	I can:

	to explain the cellular processes needed for life 
	explain the movement of materials across the cell membrane based on concentration gradients
distinguish between active and passive transport, including diffusion, facilitated diffusion and osmosis
explain the process of active transport, endocytosis and exocytosis
explain the movement of glucose, oxygen, carbon dioxide, salts and wastes across cell membranes in relation to their properties

	to process qualitative information
	represent information in a table
use qualitative information to support explanations

	to use models to explain scientific phenomena.
	use models to explain how substances move across cell membranes by passive and active transport.


[bookmark: _Toc243061207]Lesson sequence instructions
Activate 
1. Using effective questioning, activate students’ prior knowledge, promote deeper thinking and create a strong transition into the transport of materials across the cell membrane.
1. Using slide 2.2 PPT ‘Transport of materials’, present a sequence of questions that progress from recall to understanding, application and prediction.
1. Display one question at a time and allow sufficient time for students to formulate their responses.
1. Facilitate a whole-class discussion by inviting students to share their ideas and explain their reasoning.
1. Use targeted probing questions to extend responses, challenge misconceptions and encourage students to connect the semipermeable nature of the cell membrane to the properties of materials that move into and out of cells. Examples of questions, anticipated student responses and follow-up probing questions are provided in Table 4 below.
Table 4 – cell membrane questioning sequence and sample response
	Question
	Expected student response
	Follow-up probing question
	Expected student response

	What substances do living cells need to survive and carry out life processes?
	Water, oxygen, nutrients such as glucose, and mineral ions. Cells also require energy to carry out life processes and must remove waste products.
	How do substances move into and out of the cell?
	Oxygen, water, glucose (food), mineral ions/salts and wastes move into and out of the cell through the cell membrane.

	Can all substances move freely across the cell membrane?
	No, the cell membrane is semipermeable; it allows only certain substances to move into and out of the cell.
	Why do some substances move easily into and out of the cell while others do not?
	The ability of substances to move freely across the cell membrane depends on their properties. Small, nonpolar substances move freely across the cell membrane.


To consolidate learning from the activity, explain that sustaining life requires the continuous movement of various materials into and out of the cell. The movement of materials depends on several factors, including the properties of the substance being exchanged, the cell membrane’s permeability to that substance, the cell’s surface area-to-volume ratio and the concentration gradient between the inside and outside of the cell.
Core learning
Concentration gradient and movement of particles
1. Begin the demonstration by spraying perfume or an air freshener on one side of the room. Ask students:
Where is the smell strongest at first? (Near the source of the spray, where the perfume is sprayed.)
What happens over time? (The smell spreads throughout the room.)
Display slide 2.2 PPT ‘Concentration gradient’ and explain that initially the concentration of the perfume is highest near the point of release of the perfume or air freshener and lower in the surrounding air. This difference in concentration between 2 areas is called the concentration gradient.
Recall the definition of a ‘solution’. A ‘solution’ consists of a solute (the substance being dissolved, such as oxygen or carbon dioxide) and a solvent (the medium in which it is dissolved, usually water). The movement of solutes depends on their concentration gradient.
Model solute movement by adding 200 mL of water (solvent) to a beaker, then carefully placing a crystal of potassium permanganate (solute) at the bottom. Leave the beaker undisturbed at the front of the room and ask students to record their observations in their books. Guide students to observe the gradual spread of colour and to consider how particles move from areas of higher concentration to areas of lower concentration.
Using slide 2.2 PPT ‘Solute and solvent’, explain that solute particles are in constant random motion. Although they move in all directions, there is a net movement down the concentration gradient, from areas of higher concentration to areas of lower concentration. This movement continues until the particles are evenly distributed throughout the solution (homogeneous), reaching equilibrium (the point at which particles are evenly distributed throughout a space and there is no concentration gradient left). Emphasise that particles do not stop moving, as they are in constant random motion, and that although they move in all directions, there is no net movement in any one direction.
Transport of materials in cells
1. Explain that the transport of materials in living cells occurs through 2 key processes: passive and active transport. 
Passive transport moves substances across the cell membrane without requiring energy, as particles move down a concentration gradient from areas of high concentration to areas of low concentration. This includes diffusion, facilitated diffusion, and osmosis, and is important for processes such as oxygen entering cells and carbon dioxide leaving. 
Active transport, in contrast, requires energy (as ATP) because it moves substances against the concentration gradient, from areas of low concentration to areas of high concentration. This process uses specific carrier proteins in the cell membrane. It is essential for functions such as taking up nutrients and ions that are in low concentrations outside the cell but needed in higher concentrations inside the cell. Together, passive and active transport allow cells to maintain internal balance and carry out essential life processes.
Provide students with printed copies of the Student resource – comparison table. Instruct students to complete the table, with guidance, as they watch the videos and participate in teacher-led explanations throughout the next section of the lesson. Encourage students to record key information for each transport process, including the molecules transported, energy requirements, transport proteins involved, and the significance of each process to cell function and survival.
Passive transport
1. Play the animation Diffusion animation 0:51 from slide 2.2 PPT ‘Diffusion’ and explain that in simple diffusion, substances move from areas of higher concentration to areas of lower concentration until they are evenly distributed. For example, oxygen diffuses into the cells because its concentration is lower inside the cell, where it is used in cellular respiration. Similarly, carbon dioxide is produced inside the cell as a waste product of respiration. Hence, its concentration is higher inside the cell, causing it to diffuse out into the surrounding environment.
Ask students to make a note of the following:
 Simple diffusion is a passive process because it requires no external energy.
Particles move along the concentration gradient (from high to low concentration).
Small, nonpolar substances are transported by simple diffusion because they can easily pass through the hydrophobic interior of the phospholipid bilayer. Examples include oxygen and carbon dioxide.
An increase in temperature increases the rate of diffusion because particles gain kinetic energy and move more rapidly.
Particles are in constant random motion and move in all directions across the membrane if it is permeable to them, although there is no net movement once equilibrium is reached.
Use slide 2.2 PPT ‘Facilitated diffusion’ to explain that if substances are polar or too large, they cannot be transported across the cell membrane through simple diffusion. They require transport proteins embedded in the phospholipid bilayer. Play the video Facilitated diffusion 2:51 and explain that molecules like sugar are essential for cells but cannot directly diffuse through the cell membrane because of their size and polarity. These substances move across the membrane via specific transport proteins that selectively allow certain molecules or ions to pass. There are 2 main types of transport proteins involved:
Channel proteins provide ion channels for highly charged molecules like sodium (Na⁺), potassium (K⁺), and chloride (Cl⁻) ions to facilitate their diffusion. This process is known as channel-mediated diffusion. Ion channels are highly selective, often permitting the passage of a single type of ion.
Carrier proteins provide a route for large molecules such as glucose. Each molecule first binds to the protein. The protein then undergoes a conformational (shape) change, releasing the solute on the opposite side of the membrane.
Ask students to make a note of the following:
 Facilitated diffusion is a passive process because it requires no external energy.
Particles move down the concentration gradient (from high to low concentration).
Facilitated diffusion requires transport proteins embedded in the phospholipid bilayer to assist movement across the membrane.
Substances transported by facilitated diffusion are typically large, polar, or charged and cannot pass directly through the hydrophobic interior of the membrane.
Channel proteins provide hydrophilic pathways that allow specific ions or molecules to move across the membrane.
Carrier proteins bind specific substances and change shape to transport them across the membrane.
Examples include glucose moving through carrier proteins and ions such as Na⁺, K⁺ and Cl⁻ moving through channel proteins.
An increase in temperature increases the rate of diffusion because particles gain kinetic energy and move more rapidly.
Particles continue to move randomly across the membrane; however, once equilibrium is reached, there is no net movement of particles.
Demonstrate the process of osmosis using the Osmosis animation (1:43) on slide 2.2 PPT ‘Osmosis’ and explain that osmosis is a special type of diffusion in which water molecules move across a semipermeable membrane from an area of higher water concentration (lower solute concentration) to an area of lower water concentration (higher solute concentration). This movement occurs down the water concentration gradient, known as the ‘osmotic gradient’. The pressure that drives water along this gradient is called osmotic pressure.
Ask students to make a note of the following:
 Osmosis is the movement of the solvent (water) across a semipermeable membrane.
Water moves down its concentration gradient, from an area of higher water concentration (low solute concentration) to an area of lower water concentration (high solute concentration).
The selectively permeable membrane allows water to pass while restricting the movement of certain solutes.
Osmosis continues until equilibrium is reached and water concentration is balanced across the membrane.
Water molecules continue to move randomly in both directions; however, once equilibrium is reached, there is no net movement of water.
An increase in temperature increases the rate of osmosis because water molecules gain kinetic energy and move more rapidly.
Osmosis is important for maintaining cell volume, hydration and homeostasis in living organisms.ms.
Examples include water uptake by plant root cells and the movement of water into and out of animal cells.
Check students’ understanding of diffusion and osmosis using Check for understanding 1 (2.2 PPT).
Active transport
1. Explain that some essential substances cannot enter or leave the cell by passive transport because they must move against the concentration gradient or cannot diffuse across the membrane. In these situations, cells use active transport, which requires energy. Active transport moves substances across a cell membrane from an area of lower concentration to an area of higher concentration, meaning substances move against the concentration gradient. Because this movement opposes the natural direction of particle movement, it requires energy in the form of ATP (adenosine triphosphate), produced during cellular respiration.
Clarify that active transport occurs via specific carrier proteins or membrane pumps embedded in the cell membrane. These transport proteins bind ions and essential substances and change shape to move them across the membrane. Unlike channel proteins, carrier proteins are selective and transport only specific substances. Play the video Active transport 1:30, slide 2.2 PPT ‘Active transport’. Discuss the steps in the process and pause the video as required. Explain each of the following steps:
·  The ion or substance to be transported binds to a specific carrier protein on the membrane side where the concentration is lower.
An ATP molecule binds to the carrier protein.
ATP is hydrolysed to ADP (adenosine diphosphate) and inorganic phosphate. The carrier protein receives the phosphate ion.
This causes the carrier protein to undergo conformational (shape) changes, enabling the ion to be released on the opposite side of the membrane, where its concentration is higher.
The phosphate group detaches from the carrier protein, enabling it to return to its original shape and become available to transport another ion.
Explain that 3 main factors affect the rate of active transport:
Number of carrier proteins available: as transport proteins become occupied, the transport rate reaches a maximum (saturation point) and cannot increase further, even if the concentration of the transported substance continues to rise. Sometimes, different substances may compete for the same transport protein, reducing the rate at which one or both substances are transported.
Rate of respiration: active transport requires energy in the form of ATP. As the rate of respiration increases, more ATP is produced, enabling a higher rate of active transport.
Temperature: as the temperature increases, particles gain kinetic energy and move more rapidly, increasing the rate of active transport. However, if the temperature becomes too high, the carrier proteins or enzymes involved in respiration may denature, reducing the rate of active transport.
Provide examples of active transport, including absorbing glucose from the small intestine into the bloodstream when the blood glucose concentration is higher, the uptake of mineral ions (for example, nitrates) by plant root cells and the reabsorption of useful substances in kidney tubules.
Check students’ understanding of active transport using Check for understanding 2 (2.2 PPT).
Bulk transport
1. Explain that some larger substances that cannot cross the cell membrane by passive or carrier-protein-mediated transport are transported in bulk via endocytosis or exocytosis. Both processes are forms of active transport because they require energy in the form of ATP. Cells rely on them if substances are too large for transport proteins or when transporting large quantities into or out of the cell.
1. Define ‘endocytosis’ as a process in which cells take in substances by enclosing them within a section of the cell membrane, forming a membrane-bound vesicle. Play the video, Endocytosis (1:30) in slide 2.2 PPT ‘Endocytosis’ and explain that during endocytosis, the cell membrane folds inward around the substance being taken in. The membrane then pinches off to form a vesicle inside the cell, carrying material into the cytoplasm. Because the membrane changes shape and forms vesicles, endocytosis requires energy (ATP) and is therefore an active process. There are different forms of endocytosis:
Phagocytosis (cell eating): the cell engulfs large solid particles, such as pathogens or cell debris.
Pinocytosis (cell drinking): the cell takes in extracellular fluid (liquid) and dissolved substances.
Receptor-mediated endocytosis: specific molecules bind to receptors on the membrane, triggering vesicle formation and selective uptake.
Define ‘exocytosis’ as a process in which substances are moved out of the cell using membrane-bound vesicles. Play the video Exocytosis (1:10) in slide 2.2 PPT ‘Exocytosis’ and explain that exocytosis involves packaging substances into vesicles within the cell, often by the Golgi body (apparatus). The vesicle moves toward the cell membrane and fuses with it. When the membranes fuse, the vesicle releases its contents into the extracellular environment, and the vesicle membrane becomes part of the cell membrane. Exocytosis is used to:
Remove metabolic waste products from the cell.
Secrete substances such as hormones, enzymes and neurotransmitters.
Export proteins produced by the cell.
Maintain and repair the cell membrane by adding membrane components.
Use 2.2 PPT ‘Comparison table (slides 1 to 3)’ and Sample response – student resource – comparison table to review and consolidate student learning. Discuss each transport process as a class, highlighting key features and explaining the reasoning behind the responses. Ask students to compare their completed tables with the sample responses, identify any inaccuracies or gaps in their understanding, and make corrections where necessary.
Check students’ understanding of transport of substances using Check for understanding 3 (2.2 PPT).
Differentiation: the table provided supports a higher-order response. Differentiate expectations according to students’ needs, prior knowledge and ability levels. For students requiring additional support, provide a scaffolded table with prompts, key terms or partially completed examples. Gradually reduce the scaffolding as students develop confidence and independence.
Optional activity
Note: this activity is optional and may be assigned as homework to reinforce and extend students’ understanding of the concepts covered in class. It provides students with an opportunity to consolidate their learning, review key terminology, and deepen their understanding of membrane transport processes.
1. Display slide 2.2 PPT ‘Concept map (1 of 2)’ and provide students with a printed copy of the incomplete concept map provided in Student resource – concept map. 
1. Instruct students to complete the concept map by identifying the different modes of membrane transport and adding relevant examples of molecules transported by each process. 
1. Use slide 2.2 PPT ‘Concept map (2 of 2)’ to discuss and review the concept map. Responses are also provided in the Sample response – student resource – concept map. Use this as an opportunity to discuss the correct answers, clarify misconceptions and reinforce the relationships among transport processes, transport proteins, energy requirements and the types of molecules transported.
Consolidate
1. Explain that this is a self-guided activity. Students will explore an online cell membrane simulator and apply various cellular conditions to observe and explain how materials move across the cell membrane.
1. Direct students to use the PhET simulation membrane transport to investigate how molecules move across the selectively permeable membrane. Begin by demonstrating how to open the simulation, add and remove solutes, modify membrane components and select transport proteins. Encourage students to observe the direction of particle movement and determine whether each transport process requires energy.
1. Organise students into pairs and ask them to explore the simulation, recording their observations of the movement of oxygen, carbon dioxide, glucose and ions across the cell membrane. As students work, circulate the room and prompt them to consider how concentration gradients influence movement, which transport processes require ATP and the roles of channel proteins, carrier proteins and pumps in facilitating transport.
1. Provide students with printed copies of the Student resource – PhET simulation membrane transport and instruct them to complete the investigation questions using evidence gathered from the simulation. Use the Sample response – student resource – PhET simulation membrane transport to discuss responses to the questions and address any misconceptions.


[bookmark: _Student_resource_–_3][bookmark: _Ref233294240][bookmark: _Toc243061208]Student resource – comparison table
Complete the table by identifying the key features of each mode of membrane transport, including energy requirements, direction of movement, transport proteins involved, examples of molecules transported and the role of each process in cell function.
Table 1 – transport across the cell membrane
	Transport type
	Energy required
	Direction of movement
	Transport proteins
	Molecules transported
	Examples in cell/body
	Key notes from video

	Simple diffusion
	
	
	
	
	
	

	Osmosis
	
	
	
	
	
	

	Facilitated diffusion
	
	
	
	
	
	

	Active transport
	
	
	
	
	
	

	Endocytosis
	
	
	
	
	
	

	Exocytosis
	
	
	
	
	
	




[bookmark: _Sample_response_–_3][bookmark: _Ref233294621][bookmark: _Ref233296217]Sample response – student resource – comparison table
Table 1 – sample response, transport across the cell membrane
	Transport type
	Energy required
	Direction of movement
	Transport proteins
	Molecules transported
	Examples in cell/body
	Key notes from video

	Simple diffusion
	No, movement is passive, driven by the particles’ kinetic energy.
	Substances move down the concentration gradient until equilibrium is reached.
	None; movement directly through the phospholipid bilayer.
	Oxygen and carbon dioxide, which are small and nonpolar molecules, diffuse easily.
	Gas exchange in the lungs and cellular respiration.
	Fast process for small nonpolar molecules moving directly through the membrane.

	Osmosis
	No, movement is driven by differences in water potential.
	Down the concentration gradient. 
	None; water moves from high water potential to low water potential.
	Water.
	Water absorption by root hair cells.
	Applies only to water, essential for maintaining cell turgidity.

	Facilitated diffusion
	No, relies on concentration gradient energy.
	Down the concentration gradient via membrane protein-assisted transport.
	Channel proteins and carrier proteins change shape or form pores.
	Glucose, amino acids and salts (Na⁺, K⁺, Cl⁻) – polar or charged molecules cannot pass through the lipid bilayer.
	Glucose uptake into cells.
	Speed depends on the availability of carrier proteins.

	Active transport
	Yes, energy in the form of ATP is required to move substances against a concentration gradient.
	Against the concentration gradient, from low to high concentration.
	Pump proteins and co-transporters.
	Na⁺, K⁺, Ca²⁺, glucose and amino acids, which are required in high concentrations inside cells.
	Sodium-glucose uptake in the small intestine.
	Energy use puts pressure on the cell, but the molecules transported are essential for cell function.

	Endocytosis
	Yes, requires ATP to reshape the membrane and form vesicles.
	Into the cell and are not dependent on the concentration gradient.
	None; membrane receptors may recognise specific substances.
	Large particles, bacteria, proteins, fluids and macromolecules that are too large for transport proteins.
	White blood cells engulfing pathogens (phagocytosis); uptake of cholesterol by cells (receptor-mediated endocytosis).
	Allows cells to import very large substances and requires significant energy and membrane remodelling.

	Exocytosis
	Yes, ATP is required for vesicle transport and membrane fusion.
	Outside the cell, independent of the concentration gradient.
	Vesicle docking and fusion proteins facilitate release.
	Waste materials, hormones, enzymes and other protein secretions.
	Release of insulin from pancreatic cells.
	Essential for cell function but energetically costly.




[bookmark: _Student_resource_–_4][bookmark: _Toc243061209][bookmark: _Ref233228313]Student resource – concept map
Complete the following concept map:
Figure 1 – transport across cell membrane concept map
[image: Concept map explains transport across a cell membrane, contrasting energy-dependent active transport with passive transport down concentration gradients. Colored rounded boxes connect sodium and potassium ions, sodium–glucose cotransporter, channel and carrier proteins, solute movement, water movement, and movement into or out of cells.]
[bookmark: _Sample_response_–_4][bookmark: _Ref233296240]Sample response – student resource – concept map
Figure 1 – sample response, transport across cell membrane concept map
[image: Color-coded concept map explains transport across cell membrane, dividing processes into blue active transport and pink passive transport. Active transport uses energy and moves substances against concentration gradients, including sodium–potassium pump, cotransport, exocytosis, and endocytosis, while passive transport moves substances down gradients through facilitated diffusion, diffusion, simple diffusion, and osmosis.]


[bookmark: _Student_resource_–_5][bookmark: _Toc243061210]Student resource – PhET simulation membrane transport
Use the PhET simulation membrane transport to explore the movement of substances across the cell membrane. Follow the guided steps to investigate how concentration gradients, particle type, and membrane permeability affect transport, then answer the accompanying questions to consolidate your understanding.
Part I: simple diffusion: instructions
1. Add oxygen molecules to one side of the cell membrane. What do you observe?
	


Add carbon dioxide molecules to one side of the cell membrane. Compare the movement of carbon dioxide molecules with that of oxygen.
	


Justify your observations by explaining the movement of oxygen and carbon dioxide across the cell membrane, including a reference to energy use.
	


Add sodium ions (Na⁺), potassium ions (K⁺), and glucose molecules to one side of the membrane. Describe and explain your observations.
	


Part II: facilitated diffusion instructions
Add Na⁺ and K⁺ channels to the cell membrane, then add sodium ions (Na⁺) and potassium ions (K⁺) to one side of the membrane. Describe and explain your observations.
	


Part III: active transport instructions
Set up the Na+/K+ pump on the cell membrane model. Add sodium (Na+) inside the cell and potassium (K+) outside. Activate ATP inside the cell. Describe and explain your observations.
	


Part IV: benefits and limitations of using this simulation to model membrane transport
What are the advantages and limitations of using this simulation to model membrane transport?
	




[bookmark: _Sample_response_–_5][bookmark: _Ref233234334]Sample response – student resource – PhET simulation membrane transport
Part I: simple diffusion instructions
1. Add oxygen molecules to one side of the cell membrane. What do you observe?
	Oxygen molecules diffuse across the cell membrane from an area of higher concentration to an area of lower concentration. As diffusion continues, the concentrations on both sides of the membrane become equal, and the system reaches dynamic equilibrium. Although oxygen molecules continue to move across the membrane in both directions, there is no net movement because molecules cross at equal rates, maintaining equal concentrations on both sides of the membrane.


Add carbon dioxide molecules to one side of the cell membrane. Compare the movement of carbon dioxide molecules to that of oxygen.
	Carbon dioxide molecules move across the cell membrane in the same way as oxygen.


Justify your observations by explaining the movement of oxygen and carbon dioxide across the cell membrane, including a reference to energy use.
	Both oxygen and carbon dioxide are small, nonpolar molecules that can pass through the phospholipid bilayer by simple diffusion, moving from higher to lower concentration. Neither molecule requires a transport protein or energy (ATP) to cross the membrane. Over time, both oxygen and carbon dioxide reach dynamic equilibrium, with molecules continuing to move across the membrane in both directions but with no net movement.


Add sodium ions (Na⁺), potassium ions (K⁺) and glucose molecules to one side of the membrane. Describe and explain your observations.
	Sodium ions (Na⁺), potassium ions (K⁺) and glucose molecules do not move freely across the cell membrane. Glucose is a large molecule that cannot pass through the phospholipid bilayer, while Na⁺ and K⁺ ions are charged (polar) particles that cannot pass through the non-polar fatty acid tails of the phospholipids. As a result, these substances require transport proteins or active transport mechanisms to cross the membrane.


Part II: facilitated diffusion instructions
Add Na+ and K+ channels to the cell membrane, then add sodium ions (Na⁺) and potassium ions (K⁺) to one side of the membrane. Describe and explain your observations.
	Sodium ions (Na⁺) move through sodium channels and potassium ions (K⁺) through potassium channels by facilitated diffusion, without using ATP. Channel proteins allow specific ions to pass across the membrane from an area of higher concentration to an area of lower concentration. As diffusion continues, ion concentrations on both sides of the membrane become equal and the system reaches dynamic equilibrium. Although ions continue to move in both directions across the membrane, there is no net movement because they move at equal rates in both directions, maintaining equal concentrations on both sides.


Part III: active transport instructions
Set up the Na+/ K+ pump on the cell membrane model. Add sodium (Na+) inside the cell and potassium (K+) outside. Activate the ATP inside the cell. Describe and explain your observations.
	Sodium ions (Na⁺) are transported out of the cell and potassium ions (K⁺) are transported into the cell against their concentration gradients. This movement occurs via the Na⁺/K⁺ pump and requires energy from ATP. This is an example of active transport, in which energy is used to move substances across the cell membrane from low to high concentration.


Part IV: benefits and limitations of using this simulation to model membrane transport
What are the advantages and limitations of using this simulation to model membrane transport?
	Advantages:
The simulation provides a clear visual model of how particles move across the cell membrane, making abstract processes such as diffusion, facilitated diffusion and active transport easier to understand. It lets you manipulate variables such as concentration, membrane proteins and ATP use, enabling you to observe cause-and-effect relationships in real time. The simulation also enables safe, repeatable investigations that would be difficult or impossible in a classroom laboratory.
Limitations:
The simulation is a simplified model and does not fully capture the complexity of real cell membranes. It may not show all cellular components involved in transport, such as vesicle formation during endocytosis or the full range of membrane proteins found in living cells. It also represents molecules in a simplified way and may not accurately reflect their size, shape or speed. Additionally, it does not account for all biological variables present in living systems, such as temperature fluctuations or interactions with other cellular processes.




[bookmark: _Student_resources][bookmark: _Toc243061211][bookmark: _Toc221026285][bookmark: _Toc223937745]Teaching advice
This teaching sequence involves activities on 3 syllabus content descriptors including:
explain the processes of simple diffusion, osmosis and facilitated diffusion
explain the processes of active transport, exocytosis and endocytosis
relate the movement of glucose, oxygen, carbon dioxide, salts and wastes across membranes to concentration gradients and the characteristics of the substances being exchanged
Teaching these dot points together is pedagogically effective because they all develop the central concept that the cell membrane regulates the movement of substances to maintain homeostasis. Students first learn the different transport mechanisms, then apply this understanding to explain why specific substances use particular transport methods based on their properties and concentration gradients. This progression moves from conceptual understanding to application, promoting deeper learning and reducing the likelihood of students memorising transport processes in isolation.
Begin with a teacher demonstration of diffusion (for example, food colouring in water) to introduce particle movement and concentration gradients. Define key vocabulary (for example, concentration gradient, selectively permeable membrane, passive transport, active transport) and model how to determine the transport process.
Use comparison tables and a concept map to explicitly compare simple diffusion, osmosis, facilitated diffusion, active transport, endocytosis and exocytosis across energy requirements, direction of movement, membrane proteins and particle size. Reinforce learning with a PhET simulation so students can visualise particle movement across membranes and observe the effects of concentration gradients.
Background information
The plasma membrane is a selectively permeable phospholipid bilayer that regulates the movement of substances into and out of cells, maintaining homeostasis. Transport across the membrane depends on the concentration gradient and the properties of substances (size, charge, polarity and lipid solubility).
Transport is classified as passive, active or bulk transport. Passive transport does not require energy and moves substances down a concentration gradient. Active transport requires ATP to move substances against a concentration gradient via carrier proteins or pumps (for example, ion uptake in roots and glucose absorption in the intestines). Bulk transport moves large materials via vesicles. The movement of key substances depends on their physical and chemical properties:
Oxygen and carbon dioxide: small and non-polar, therefore transported via simple diffusion.
Water: osmosis.
Glucose: large and polar, therefore transported via facilitated diffusion or active transport.
Salts (ions): charged, therefore transported via facilitated diffusion or active transport.
Wastes: large and bulky, therefore often removed by exocytosis.
A key understanding is that the transport mechanism depends on both the substance’s properties and concentration gradients.
Checks for understanding
[bookmark: _Check_for_understanding_5][bookmark: _Ref236218880]Check for understanding 1 (2.2 PPT)
Question: write one similarity and one difference between ‘diffusion’ and ‘osmosis’.
Check for understanding 1 sample response
Similarity: both diffusion and osmosis are passive transport processes, so they do not require energy (ATP) and move substances from high concentration to low concentration.
Difference: diffusion is the movement of particles (such as oxygen or carbon dioxide) from an area of high concentration to an area of low concentration, whereas osmosis is the movement of water molecules from an area of higher water concentration to an area of lower water concentration, occurring only through a semipermeable membrane.


[bookmark: _Check_for_understanding_6][bookmark: _Ref233843634]Check for understanding 2 (2.2 PPT)
Question: provide 3 key features of active transport.
Check for understanding 2 sample response
Three key features of active transport are:
It requires energy (ATP) to move substances.
It moves substances against the concentration gradient, from low to high concentrations.
It uses carrier proteins or protein pumps in the cell membrane to transport substances.

[bookmark: _Check_for_understanding_7][bookmark: _Ref236218971]Check for understanding 3 (2.2 PPT)
Match the following molecules with their properties and identify a suitable mode of transport for each molecule.
Table 5 – properties of molecules and their modes of transport
	Molecule
	
	Properties
	Mode of transport

	Glucose
	
	Charged ions.
	

	Oxygen
	
	Small and polar or large/bulk.
	

	Carbon dioxide
	
	Large and polar.
	

	Salts (Na+), (K+), (Cl-)
	
	Small and nonpolar.
	

	Waste material
	
	Small and nonpolar.
	


Check for understanding 3 sample response
Figure 2 – sample response, properties of molecules and their modes of transport
[image: Five-row biology matching table connects glucose, oxygen, carbon dioxide, salts, and waste material with molecular properties and membrane-transport methods. Blue lines match salts with charged ions, glucose with large and polar molecules, oxygen and carbon dioxide with small and nonpolar molecules, and waste material with small or large polar material; transport labels include diffusion, facilitated diffusion, active transport, and exocytosis.]


[bookmark: _Toc243061212]2.3 Demonstrating the process of diffusion and osmosis (practical investigation)
Students conduct a laboratory experiment to demonstrate diffusion and osmosis.
Table 6 – learning intention and success criteria
	We are learning:
	I can:

	to explain cell processes
	explain the processes of diffusion and osmosis

	to apply safe work practices while conducting scientific investigations
	conduct an investigation that demonstrates diffusion and osmosis
safely conduct an experiment to demonstrate the process of diffusion and osmosis
make observations and record data in a suitable format

	to analyse primary data and information.
	use data to assess the validity and reliability of the experiment
evaluate data to suggest improvements to the practical investigation.


[bookmark: _Toc243061213]Lesson sequence instructions
Activate
1. Activate prior knowledge through a simple demonstration using a beaker containing 200 mL of tap water. Place a tea bag in the beaker and leave it undisturbed at the front of the classroom. Instruct students to watch and compare how the tea disperses in water. Explain that the tea contains soluble particles that can move through the water.
1. Ask students to use their observations to construct a Claim–Evidence–Reasoning (CER) response explaining what is happening in the beaker. Provide the prompt: ‘Explain how the tea particles move from the bag into the surrounding water.’ Encourage students to connect their observations to particle movement and diffusion. Use slide 2.3 PPT ‘Claim, Evidence, Reasoning (CER)’ to support students in constructing and discussing their responses. A sample response is provided on slide 2.3 PPT ‘Claim, Evidence, Reasoning (CER)’. Highlight that although the demonstration shows diffusion, the tea bag does not model a selectively permeable membrane.
1.  After the CER discussion, consolidate students’ observations by highlighting that the tea particles moved from an area of higher concentration inside the tea bag to an area of lower concentration in the surrounding water.
1. Ask the following questions to help students relate the tea experiment to diffusion:
Table 7 – questioning sequence for tea bag experiment
	Question
	Suggested student response

	What happened to the tea in the teabag?
	Very small, dissolved tea particles moved out of the tea bag into the water, while the large tea leaves stayed in the bag because the pores did not allow them to pass through.

	How is a tea bag covering or filter similar to a cell membrane?
	Both tea bags and cell membranes can act as selectively permeable barriers, allowing some substances to pass while restricting others.

	How is the tea-bag covering or filter different from a cell membrane?
	A tea bag is just a physical barrier, whereas a cell membrane has a specific structure that regulates the movement of different substances into and out of the cell.

	How does the tea-bag experiment demonstrate diffusion?
	It allows us to observe the net movement of dissolved tea particles from an area of higher concentration in the tea bag to an area of lower concentration in the beaker.


Conclude by explaining that although the tea bag provides a simple model for considering movement across a membrane, it does not accurately demonstrate all aspects of particle movement or selective permeability. Explain that students will next use dialysis tubing and sultanas to investigate the movement of water and other substances across selectively permeable membranes through diffusion and osmosis.
Core learning
Preparing for the activity
Prepare for the practical activity to demonstrate diffusion and osmosis. Order the following equipment in advance for each group in the class:
5 x dry sultanas (equal-sized)
5 x overnight-soaked sultanas
400 mL distilled water
concentrated sugar solution
electronic balance
paper towels
2 x pieces of dialysis tubing (8–10 cm long)
100 mL starch solution
200 mL iodine-potassium iodide (IKI) solution
2 x 400 mL beaker
1 x pair of tweezers
1 x thistle funnel (optional)
1 x fine string or cotton thread (optional))
4 x small elastic bands (optional).
Facilitating the activity:
1. Explain that diffusion and osmosis can be modelled through a variety of practical investigations. Introduce the 2 common models: soaking sultanas in water to demonstrate osmosis and using dialysis tubing with starch and iodine solutions to model both diffusion and osmosis across a selectively permeable membrane.
1. Provide printed copies of the Student resource – demonstrating the process of diffusion and osmosis and instruct students to follow the experimental procedure outlined in the method to complete the investigation.
1. Explain that the sultanas represent cells with selectively permeable membranes, the dialysis tubing models the selectively permeable cell membrane, the starch solution (milky white) represents the contents of a cell, and the iodide ions in the yellow iodine-potassium iodide (IKI) solution represent small molecules required by the cell.
1. Review the risk assessment with students and jointly complete the risk assessment table in the student resource. Explain that iodine-potassium iodide (IKI) solution is an irritant to the skin and eyes and may be harmful if inhaled or ingested. Students should avoid inhaling vapours or ingesting the solution, wear appropriate personal protective equipment and conduct the experiment in a well-ventilated area. Emphasise that students should handle glassware carefully to prevent breakage and cuts. Do not touch broken glass directly; report it to the teacher immediately for safe disposal.
1. Provide students with 5 sultanas soaked overnight in water and 5 dry sultanas. Provide the original mass of the soaked sultanas. Instruct them to carefully remove the soaked sultanas from the beaker and gently blot them dry with a paper towel. Ask students to compare the soaked sultanas with the dry sultanas and describe the differences in appearance, size and texture. Students should then reweigh the sultanas, repeat the measurement 3 times and calculate the average final mass. Ask students to compare the initial and final masses and record their results in a table.
1. Guide a class discussion on the findings. Use slide 2.3 PPT ‘Demonstrating osmosis’ to facilitate the discussion. Prompt students to explain the observed changes in terms of osmosis, guiding them to recognise that water moved into the sultana cells from the surrounding distilled water because of a concentration gradient. Encourage students to link the increase in mass and the swelling of the sultanas to water moving across a selectively permeable membrane.
1. Using slide 2.3 PPT ‘Test for starch’, explain that starch is a complex carbohydrate (polysaccharide) composed of many glucose molecules. Because of its large molecular size, starch cannot pass through a selectively permeable cell membrane. Starch can be identified using iodine-potassium iodide (IKI) solution. If starch is present, the solution turns blue-black. If starch is absent, the solution remains yellowish-brown. Explain that students will use starch and iodine-potassium iodide solution in the next activity to model diffusion and osmosis.
1. Explain that dialysis tubing can represent the cell membrane. Show slide 2.3 PPT ‘Dialysis tubing’ and discuss that it is a thin, flexible tube made from cellulose. It has tiny pores that allow small molecules, such as water, iodine and glucose, to pass through while preventing larger molecules, such as starch, from crossing.
1. Demonstrate how to soften the dialysis tubing by soaking it in water for about 5 minutes, then gently rubbing it between the fingers to separate the sides. Show how to seal one end with string or an elastic band, explaining that a tight knot may also be used. Using a thistle funnel, demonstrate how to carefully add the starch solution to the tubing, then seal the open end. It will look like a sausage (slide 2.3 PPT ‘Modelling diffusion and osmosis (1 of 2)’). Explain that no starch solution should be present on the exterior of the sealed dialysis tubing. Rinse the sealed dialysis tubing in water if necessary. Ask students to note the shape and mass of the sealed dialysis tubing before adding it to the iodine solution.
Note: if a thistle funnel is not available, you may use a filter funnel to pour the starch solution into the dialysis tubing.
1. Demonstrate how to suspend the sealed dialysis tubing in a beaker containing iodine-potassium iodide (IKI) solution so it is submerged. Alternatively, place the tubing into the solution. Instruct students to record the initial colours of both the starch and iodine-potassium iodide solutions, then leave the setup undisturbed for 20 minutes. Refer to 2.3 PPT ‘Modelling diffusion and osmosis (slides 1 and 2)’ to facilitate discussion.
1. Emphasise that in this experiment the independent variable is the presence or absence of iodine solution. The dependent variables are the change in colour of the starch solution and changes in the mass and shape of the sealed dialysis tubing. 
1. Check student understanding using Check for understanding 1 (2.3 PPT).
1. Organise students into groups of 3–4 and instruct them to follow the procedure outlined in the student resource to conduct the experiment independently. Walk around the room, observe how students conduct the experiment and provide assistance as needed.
1. After 20 minutes, instruct students to observe and record any visible changes in the experimental set up. Students should note changes in the colour of the solutions, the size, mass or appearance of the sealed dialysis tubing. Encourage students to include qualitative descriptions and any quantitative measurements where appropriate.
1. Guide a class discussion on the results. Prompt students to explain what they observed in relation to diffusion and osmosis. Guide them to identify that iodine molecules can pass through the selectively permeable membrane, whereas starch molecules cannot. Explain that changes in the mass or volume of the dialysis tubing are primarily due to the movement of water across the membrane. Encourage students to link their observations to concentration gradients and the selective permeability of cell membranes.
1. Check student understanding using Check for understanding 2 (2.3 PPT).
1. Instruct students to independently complete the discussion questions in the Student resource – demonstrating the process of diffusion and osmosis. Sample responses are provided in Sample response – student resource – demonstrating the process of diffusion and osmosis.
Consolidate
1. Instruct students to independently complete the table by sorting each statement into one of 3 categories: ‘Diffusion’, ‘Osmosis’ or ‘Neither’. Refer to 2.3 PPT ‘Diffusion, osmosis or neither’ (slides 1 and 2). Students record their responses by placing a tick (✓) or a cross (✗) in the appropriate columns.
Table 8 – classifying statements as diffusion, osmosis, or neither
	Statement
	Diffusion
	Osmosis
	Neither

	Water moves from areas of high concentration to areas of low concentration through a selectively permeable membrane.
	
	
	

	Particles move from areas of high concentration to areas of low concentration.
	
	
	

	Starch in the dialysis tubing is overflowing into the surrounding water.
	
	
	

	Water enters the sultanas and makes them swell.
	
	
	

	This process requires a semipermeable membrane for substances to move through.
	
	
	

	Substances move across the cell membrane until equilibrium is reached.
	
	
	


Use Table 9 below to discuss the responses as a class. Clarify any misconceptions as needed. Sample responses are also provided on 2.3 PPT ‘Diffusion, osmosis or neither (slides 1 and 2)’.
Table 9 – sample response, classifying statements as diffusion, osmosis or neither
	Statement
	Diffusion
	Osmosis
	Neither

	Water moves from areas of high concentration to areas of low concentration through a selectively permeable membrane.
	✗
	✓
	✗

	Particles move from areas of high concentration to areas of low concentration.
	✓
	✗
	✗

	Starch in the dialysis tubing is overflowing into the surrounding water.
	✗
	✗
	✓

	Water enters the sultanas and makes them swell.
	✗
	✓
	✗

	This process requires a semipermeable membrane for substances to move through.
	✗
	✓
	✗

	Substances move across the cell membrane until equilibrium is reached.
	✓
	✓
	✗




[bookmark: _Student_resource_–_6][bookmark: _Ref233578935][bookmark: _Toc243061214]Student resource – demonstrating the process of diffusion and osmosis
Experiment: investigating diffusion and osmosis
Aim: to model diffusion and osmosis.
Equipment
Sultana investigation:
sultanas (5 x soaked, 5 x dry)
distilled water
beaker
electronic balance
paper towel.
Dialysis tubing investigation:
dialysis tubing
starch solution
iodine-potassium iodide (IKI) solution
beaker
string or elastic bands
thistle funnel/filter funnel
measuring cylinder
stopwatch.
Risk assessment:
Table 1 – risk assessment
	Hazard
	Risk
	Precaution

	Iodine potassium iodide solution
	
	

	Broken glass
	
	


Sultana investigation
1. Observe and compare 5 dry sultanas with 5 sultanas soaked overnight in distilled water. Record qualitative observations (size, texture, appearance).
Carefully remove the soaked sultanas from the water and gently blot them dry with a paper towel.
Reweigh the sultanas 3 times, then calculate the average final mass.
Record all data in a results table.
Dialysis tubing investigation
1. Soak dialysis tubing in water for 5 minutes to moisten it. After 5 minutes, gently rub it between your fingers to open it.
Tie one end of the tubing securely with string or an elastic band. A tight knot could also secure the tubing.
Use a thistle funnel to fill the tubing with starch solution.
Securely tie the other end, making sure no solution contacts the tubing’s outside. Rinse the outside of the tubing if necessary. Record its mass.
Record the initial colour of the starch solution
Add iodine potassium iodide solution to a beaker, then place the sealed dialysis tubing into the beaker, ensuring it is fully submerged in the solution.
Leave undisturbed for 20 minutes.
Observe both setups after 20 minutes.
Record your observations.
Observations:
Sultanas
Table 2 – changes in mass, size, texture and appearance of sultanas after soaking
	
	Initial
	Final

	Mass (g)
	3
	

	Size
	
	

	Texture
	
	

	Appearance
	
	


Starch, iodine-potassium iodide solution and dialysis tubing
Table 3 – changes in starch, iodine-potassium iodide solution and dialysis tubing before and after the experiment
	Material
	Before experiment
	After experiment

	Experiment

	Starch solution (inside the dialysis tubing)
	
	

	Iodine-potassium iodide (IKI) solution (outside the dialysis tubing)
	
	

	Dialysis tubing 
	
	




Conclusion:
Discussion
1. What does each item below represent in this experiment?
Table 4 – experimental components and what they represent
	Component
	What it represents

	Dialysis tubing 
	

	Starch solution
	

	Iodine-potassium iodide (IKI) solution
	


Explain how the results demonstrate the selective permeability of membranes.
	


Describe the role of concentration gradients in diffusion and osmosis.
	


Explain why starch does not move across the membrane, while iodine-potassium iodide (IKI) and water do.
	


Evaluate the reliability, accuracy and validity of this experiment.
	


Suggest improvements for this experiment.
	


What are the benefits and limitations of using dialysis tubing to model diffusion and osmosis?
	




[bookmark: _Sample_response_–_6][bookmark: _Ref233626207]Sample response – student resource – demonstrating the process of diffusion and osmosis
Risk assessment:
Table 1 – risk assessment
	Hazard
	Risk
	Precaution

	Iodine-potassium iodide solution
	Irritation to skin and eyes; poisoning if ingested; irritation if inhaled.
	Do not inhale or ingest. Conduct the experiment in a well-ventilated area. Wear safety goggles. Wash hands after use.

	Broken glass
	Cuts to skin.
	Take care when using glassware. Report broken equipment to your teacher.


Observations:
Sultanas
Table 2 – changes in mass, size, texture and appearance of sultanas after soaking
	
	Initial
	Final

	Mass (g)
	3
	4.8

	Size
	Small.
	Larger and swollen.

	Texture
	Wrinkled, dry, firm.
	 Less wrinkled, moist, softer.

	Appearance
	Small, shrunken. 
	Larger, swollen.


Starch, iodine-potassium iodide solution and dialysis tubing
Table 3 – changes in starch, iodine-potassium iodide solution and dialysis tubing before and after the experiment 
	Material
	Before experiment
	After experiment

	Experiment

	Starch solution (inside the dialysis tubing)
	Milky white liquid.
	Blue-black, indicating iodine has diffused into the tubing and reacted with the starch.

	Iodine solution (outside the dialysis tubing bag)
	Yellow brown.
	Becomes lighter since some iodine diffuses into the dialysis tubing.

	Dialysis tubing 
	Shrunken and floppy, lower in mass
	Distended and taut, increased mass.


Conclusion:
This experiment models both diffusion and osmosis. Sultanas increase in mass because water enters the cells by osmosis. Dialysis tubing swells as water moves into it by osmosis and iodine molecules diffuse into the tubing, turning the starch solution blue-black.
Discussion
1. What does each item below represent in this experiment?
Table 4 – experimental components and what they represent
	Component
	What it represents

	Dialysis tubing 
	The cell membrane as it is selectively permeable, allowing small molecules (such as water and iodine) to pass through while preventing large molecules (such as starch) from passing through.

	Starch solution
	The contents of the cell (cytoplasm). Cytoplasm contains large molecules inside the cell that cannot move through the cell membrane.

	Iodine-potassium iodide solution
	The surrounding environment (extracellular fluid). It contains small molecules like iodine that can diffuse through the selectively permeable membrane and react with starch, turning the solution inside the bag blue-black.


Explain how the results demonstrate the selective permeability of the dialysis tubing membrane.
	The results demonstrate selective permeability because iodine molecules were able to pass through the dialysis tubing, causing the starch solution inside to turn blue-black, while the larger starch molecules were unable to pass through the membrane. This shows that the membrane allows some substances to cross but prevents others from crossing depending on factors such as molecular size.


Describe the role of concentration gradients in diffusion and osmosis.
	A concentration gradient drives diffusion, moving particles from an area of high concentration to an area of low concentration. In osmosis, water moves across a selectively permeable membrane from an area of higher water concentration (low solute concentration) to an area of lower water concentration (high solute concentration).


Discuss why starch does not move across the membrane, while iodine-potassium iodide (IKI) and water do.
	Starch does not move across the membrane because its molecules are too large to pass through the small pores of the dialysis tubing. In contrast, iodine and water molecules are small enough to move through the membrane. Iodine diffuses into the tubing, and water moves by osmosis due to concentration differences.


Evaluate the reliability, accuracy and validity of the experiment.
	Reliability: although each group did not repeat the experiment multiple times, several groups in class used the same method. Results were consistent across groups, so the experiment is considered reliable.
Accuracy: all measurements were taken using a digital scale, which provides precise readings. Mass was measured 3 times and an average was calculated, reducing random error and improving accuracy.
Validity: the experiment is valid because the results provide evidence for diffusion and osmosis. Iodine diffused through the dialysis tubing, while starch could not, demonstrating selective permeability. Changes in the tubing’s volume provide evidence that water moved across the membrane by osmosis. Therefore, the dialysis tubing provides a useful model of a selectively permeable cell membrane.


Suggest improvements for this experiment.
	The experiment could be improved by repeating it several times for each condition and calculating a class average to reduce random errors and improve reliability. A higher-precision balance could provide more accurate mass measurements. Repeating the experiment with different iodine concentrations would yield more detailed results and allow for a better comparison of diffusion rates.


What are the advantages and limitations of using dialysis tubing to model the process of diffusion and osmosis?
	Advantages:
Dialysis tubing is a useful model of a cell membrane because it is selectively permeable and demonstrates diffusion and osmosis.
It produces visible results, such as a colour change (iodine turning starch blue-black) and changes in mass, which are easy to observe and measure.
It is safe and simple to use.
It allows both diffusion and osmosis to be investigated in the same experiment.
It provides quantitative data through changes in mass, enabling analysis of the results.
Limitations:
It is not a perfect model of a real cell membrane and does not show active transport or the full complexity of a cell.
It only demonstrates size-based movement and does not include transport proteins or regulated membrane mechanisms.
Results can be affected by experimental errors such as inconsistent blotting, sealing or measuring.
It does not show the processes in real time.
It does not fully replicate the internal conditions of living cells.




[bookmark: _Toc243061215]Teaching advice
Begin by connecting the key concepts before the practical activity, using a familiar model such as a tea bag in a cup of water. Clearly explain what each part represents and reinforce the concepts of diffusion and osmosis. Next, follow the ‘I do, we do, you do’ model. Demonstrate and model the thinking needed for the dialysis tubing setup, explaining each step and linking each component to real cells: dialysis tubing as the membrane, starch solution as the cytoplasm and iodine as the external environment. 
During the demonstration, prompt students to identify variables, predict outcomes and suggest what will happen at each stage, while providing guidance and feedback. Then allow students to carry out the experiment independently in small groups. Reinforce correct techniques for measuring mass, blotting the tubing, and timing to ensure accuracy and reliability. Encourage students to record both qualitative and quantitative data, such as colour and mass changes. Finally, bring students back together for structured reflection, where they compare results across groups, discuss the role of controls and explain observations using appropriate scientific language.
[bookmark: _Toc243061216]Background information
Diffusion and osmosis are important biological processes that describe how substances move in and out of cells. Diffusion is the net movement of particles from a region of high concentration to one of low concentration until equilibrium is reached. Osmosis is the movement of water molecules across a selectively permeable membrane from a region of higher water concentration to the region of lower water concentration. Both processes are passive and do not require energy. They are essential for functions such as gas exchange and water balance in cells.
These processes can be modelled using dialysis tubing in practical investigations. Dialysis tubing acts as a selectively permeable membrane, similar to a cell membrane, allowing small molecules such as water, iodine and glucose to pass through while preventing larger molecules, such as starch, from passing. In a typical investigation, a starch solution is placed inside the tubing, and the tubing is submerged in an iodine solution. 
You could also add a glucose solution to the dialysis tubing, allowing additional small molecules to diffuse out of the tubing into the iodine solution. Over time, iodine diffuses into the tubing and reacts with starch to produce a blue-black colour, while glucose can diffuse out into the surrounding solution and be tested separately. Water may also move in or out depending on concentration gradients, demonstrating osmosis. This model helps students visualise how selective permeability and concentration gradients drive the movement of substances in cells.
Note: iodine-potassium iodide (IKI) solution is preferred over plain iodine for this experiment because it is more soluble and stable in water. Iodine alone does not dissolve well in aqueous solutions, but adding potassium iodide forms a soluble complex that yields a consistent brown/amber solution. It provides a uniform concentration which improves the reliability of results, and gives a clear, visible colour change (amber to blue-black with starch), making observations easier and more accurate.


Checks for understanding
[bookmark: _Check_for_understanding_8][bookmark: _Ref233627586]Check for understanding 1 (2.3 PPT)
Question: identify the independent, dependent and controlled variables for this experiment.
Table 10 – variables and control for diffusion and osmosis demonstration experiment
	Variable/control
	Diffusion and osmosis demonstration experiment

	Independent variable
	

	Dependent variable
	

	Controlled variable
	


Check for understanding 1 sample response
Table 11 – sample response, variables and control for diffusion and osmosis demonstration experiment
	Variable/control
	Diffusion and osmosis demonstration experiment

	Independent variable
	The presence or absence of iodine-potassium iodide solution.

	Dependent variable
	Change in the colour of starch solution, mass and shape of the dialysis tubing bag.

	Controlled variable
	The concentration of the starch solution, volume of the solutions, type and size of dialysis tubing, type and size of beaker, temperature and duration of the experiment.


[bookmark: _Check_for_understanding_2][bookmark: _Ref233667211]Check for understanding 2 (2.3 PPT)
The graph shows changes in mass of dialysis tubing filled with starch solution placed in distilled water.
Figure 3 – graph showing changes in mass of dialysis tubing filled with starch solution when placed in distilled water
	[image: A line graph showing the mass of dialysis tubing increasing from 20 grams to about 22.5 grams over 60 minutes, then plateauing after 50 minutes.] 


Identify and explain the trends in the graph.
Check for understanding 2 sample response
	The mass of the dialysis tubing increases over time, but the rate of increase gradually slows and eventually levels off.
In the first 10–20 minutes, the mass increases rapidly because a large concentration gradient exists between the distilled water outside (high water potential) and the starch solution inside (low water potential). This gradient drives rapid osmosis into the tubing.
As time passes, the rate of increase slows as the concentration gradient decreases as water moves into the tubing.
Eventually, the graph levels off (plateaus) as dynamic equilibrium is reached. At this point, water still moves in both directions, but there is no net movement, so the mass remains constant.




[bookmark: _Toc243061217]2.4 Exploring tonicity (secondary-source investigation)
Students will explain the tonicity of a cell and predict its behaviour in hypotonic, isotonic and hypertonic solutions using the given data.
Table 12 – learning intention and success criteria
	We are learning:
	I can:

	to explain how changes in the external environment affect cell function
	describe tonicity
distinguish between hypertonic, hypotonic and isotonic solutions

	use models to make predictions.
	predict and explain the movement of water and the resulting changes in animal and plant cells placed in different types of solutions.


[bookmark: _Toc243061218]Lesson sequence instructions
Activate
1. Introduce the lesson with the following scenario displayed on the board using 2.4 PPT ‘Scenario 1 (slides 1 and 2 of 4)’:
	A student measured the mass, appearance and texture of 3 dried apricots and recorded their observations in a table. The student then soaked the apricots in water for 6 hours. After soaking, the student measured the mass again and recorded any changes in appearance and texture in the same table.


Table 13 – changes in mass, appearance and texture of apricots
	Apricots
	Mass (g)
	Appearance
	Texture

	Dry
	11
	Small, shrivelled, wrinkled, darker.
	Firm, leathery, dry.

	Soaked
	22
	Larger, plumper, smoother, less wrinkled, lighter.
	Soft, moist.


The student provided the following explanation for the observed changes (see slide 2.4 PPT ‘Student explanation’):
	The dried apricots absorbed water because water moved into the apricot cells by osmosis. This caused the apricots to increase in mass, become larger, and feel softer. Water moved from an area of higher water concentration outside the apricot to an area of lower water concentration inside the apricot.


Explain the scenario and, using Think-Pair-Share, instruct students to evaluate the explanation provided by the student. Provide printed copies of the Student resource – apricot experiment scenario for students to record their responses.
Think: students independently engage with the questions on the slide and consider a response.
Pair: students pair up with a classmate and share their responses.
Share: students share their responses with the class in a whole-class discussion.
Guide students to consider the following slide 2.4 PPT ‘Think-Pair-Share prompts’.
Is the explanation scientifically accurate?
Is the direction of water movement described correctly?
Is the term ‘osmosis’ used correctly?
Can it explain why the apricots increased in mass and changed in appearance and texture?
What could be improved or added?
An example using the first question is provided on slide 2.4 PPT ‘Think-Pair-Share’. To guide class discussion for the ‘share’ component to activate prior knowledge, see sample the responses in Sample response – student resource – apricot experiment scenario.
Following the Think-Pair-Share discussion, present the next part of the scenario on the board from slide 2.4 PPT ‘Scenario 1 (3 of 4)’ and ask students to independently respond to the question on slide 2.4 PPT ‘Scenario 1 (4 of 4)’:
	After weighing and observing the soaked apricots, the student placed them in a beaker containing a concentrated sugar solution.


Ask students to independently predict what will happen to the apricots. Instruct them to justify their predictions using their understanding of osmosis.
Using cold calling (pose a question, pause and then choose a non-volunteer to answer), discuss the response as a class.
Emphasise that the apricots have a higher water concentration than the surrounding sugar solution. Consequently, water will move out of the apricot cells into the surrounding solution by osmosis. This net movement of water will cause the apricot cells to shrink and lose volume, making the apricots lighter, smaller, firmer and more wrinkled.
Core learning
1. Clarify that the changes seen in the apricots are not random but depend on the type of solution surrounding the cells. 
1. Define the term ‘tonicity’ to describe how a solution affects water movement in cells. Using slide 2.4 PPT ‘Tonicity’, teach the terms ‘hypertonic’, ‘hypotonic’ and ‘isotonic’.
Hypertonic solution: higher solute concentration than the cell, so water moves out of the cell.
Hypotonic solution: lower solute concentration than the cell, so water moves into the cell.
Isotonic solution: equal solute concentration, so no net movement of water.
Connect back to the apricot investigation and reinforce that water entered the apricots in pure water, as they were placed in a hypotonic environment. In contrast, water left the apricots in the concentrated sugar solution, as they were placed in a hypertonic environment.
Play the video Osmosis and tonicity (2:24), pausing as needed to clarify concepts and check student understanding. Instruct students to complete the questions in the Student resource – osmosis and tonicity. Sample responses are provided in Sample response – student resource – osmosis and tonicity.
Use 2.4 PPT ‘Hypertonic, hypotonic and isotonic solutions (slides 1 and 2)’ to facilitate a class discussion. Reinforce the characteristics of hypertonic, hypotonic, and isotonic solutions, focusing on how differences in solute concentration determine the direction of water movement across the selectively permeable cell membrane and the effects on cell size and volume.
Use Check for understanding 1 (2.4 PPT) to check student understanding of different types of solutions.
Explain that dried apricots are plant tissue and can be used to investigate how different solutions affect plant cells. Similarly, decalcified (naked) chicken eggs can model how different solutions affect animal cells, as they lack a rigid cell wall.
Show students 2 decalcified eggs and explain that the shells were removed by soaking the eggs in vinegar for about 48 hours. The vinegar dissolves the calcium carbonate shell, leaving the thin, flexible membrane that surrounds the egg. Explain that this membrane is selectively permeable (semipermeable), allowing water to move across it by osmosis, making the egg a useful model for investigating the effects of hypertonic, hypotonic, and isotonic solutions on animal cells.
Weigh each decalcified egg and ask students to record each egg’s mass. Before placing the eggs in the solutions, ask students to predict what will happen to each egg and justify their predictions using their understanding of tonicity and osmosis. Place one egg in each of 2 labelled beakers:
Beaker 1: cover the egg with glucose syrup or with a supersaturated sugar solution if glucose syrup is unavailable.
Beaker 2: cover the egg with distilled water.
Ask students to identify which solution they believe is hypertonic or hypotonic relative to the egg, and to explain their reasoning.
Leave the beakers undisturbed overnight before observing and recording any changes in the eggs’ mass and appearance. After approximately 24 hours, remove the eggs from the beakers and ask students to record any changes in their appearance and size. Weigh each egg and have students compare its final mass with its initial mass, then calculate the change in mass. Use slide 2.4 PPT ‘Effect of hypertonic solution’ to facilitate a whole-class discussion that encourages students to explain the observed changes using the concepts of tonicity and osmosis.
Explain that plant and animal cells are surrounded by solutions with varying solute concentrations. The impact of these solutions on cells depends on both the tonicity around them and their structure. Use 2.4 PPT ‘Osmosis in animal and plant cells vocabulary (slides 1 and 2)’ to teach the relevant scientific terminology.
Use Check for understanding 2 (2.4 PPT) to check students’ understanding of the relevant scientific terminology.
Emphasise that plant cells have a rigid cell wall that provides structural support and prevents bursting when water enters the cell. In a hypotonic solution, plant cells become turgid; in a hypertonic solution, they lose water and undergo plasmolysis; and in an isotonic solution, they become flaccid. Use slide 2.4 PPT ‘Osmosis in plant cells’ to facilitate class discussion.
Explain that, in contrast, animal cells lack a cell wall. As a result, they swell and may burst (lyse) in a hypotonic solution and shrink (crenate) in a hypertonic solution. In an isotonic solution, there is no net movement of water, so animal cells maintain their normal shape. Use slide 2.4 PPT ‘Osmosis in animal cells’ to facilitate class discussion.
Use Check for understanding 3 (2.4 PPT) to check students’ understanding of osmosis and tonicity in plant and animal cells. Provide students with a copy of the check for understanding or use mini whiteboards or cold calling to engage students and facilitate class discussion.
Get students to complete the questions in Student resource – making predictions using tonicity. This activity provides students with an opportunity to apply their understanding of osmosis and tonicity to unfamiliar, real-world scenarios. Explain that rather than simply stating what happens, responses should include justification for each prediction based on scientific reasoning. Sample responses are provided in Sample response – student resource – making predictions using tonicity.
Differentiation: challenge high-potential students to design and conduct their own investigations to predict and test how different solutions affect potato cubes. They can then analyse their results and relate their observations to water movement in living cells, explaining how osmosis affects cells in real-life contexts such as plant and animal cells or food preservation.
Consolidate
1. Ask students to complete the table by predicting the direction of water movement, the effect on the cell and providing a scientific justification for each prediction.
Table 14 – effect of different solutions on plant and animal cells
	Cell type
	Surrounding solution
	Direction of water movement
	Effect on cell

	Plant
	Hypotonic
	
	

	Plant
	Hypertonic
	
	

	Plant
	Isotonic
	
	

	Animal
	Hypotonic
	
	

	Animal
	Hypertonic
	
	

	Animal
	Isotonic
	
	


Use the sample responses below to facilitate class discussion and address any misconceptions. The sample responses are also provided on slide 2.4 PPT ‘Solutions and plant and animal cells’.
Table 15 – sample response, effect of different solutions on plant and animal cells
	Cell type
	Surrounding solution
	Direction of water movement
	Effect on cell

	Plant
	Hypotonic
	Into the cell.
	Cell becomes turgid.

	Plant
	Hypertonic
	Out of the cell. 
	Cell becomes plasmolysed.

	Plant
	Isotonic
	No net movement of water.
	Cell becomes flaccid.

	Animal
	Hypotonic
	Into the cell.
	Cell swells and may burst.

	Animal
	Hypertonic
	Out of the cell. 
	Cell shrinks.

	Animal
	Isotonic
	No net movement of water.
	Cell remains in its normal shape.




[bookmark: _Student_resource_–_7][bookmark: _Ref233791995][bookmark: _Toc243061219]Student resource – apricot experiment scenario
1. Complete the following table:
Table 1 – think, pair, share explanations for apricot experiment
	Guiding question
	Think
	Pair
	Share

	Is the explanation scientifically accurate?
	
	
	

	Is the direction of water movement described correctly?
	
	
	

	Is the term ‘osmosis’ used correctly?
	
	
	

	Can it explain why the apricots increased in mass and changed in appearance and texture?
	
	
	

	What could be improved or added?
	
	
	


Predict what will happen to the apricots. Justify your predictions using your understanding of ‘osmosis’.
	




[bookmark: _Sample_response_–_7][bookmark: _Ref233819462][bookmark: _Ref233791932]Sample response – student resource – apricot experiment scenario
1. Complete the following table.
Table 1 – sample response, think, pair, share explanations for apricot experiment
	Guiding question
	Think
	Pair
	Share

	Is the explanation scientifically accurate?
	I think the explanation is largely scientifically accurate. It correctly states that water moved into the apricot cells by osmosis, causing the apricots to increase in mass, become larger and feel softer.
	We agree that the explanation correctly identifies osmosis and links water movement to the observed changes in the apricots.
	The explanation is largely scientifically accurate because it correctly describes osmosis and explains why the apricots increased in mass and softened.

	Is the direction of water movement described correctly?
	I think it correctly states that water moved into the apricot cells from the surrounding water.
	We agree that the direction of water movement is correct because the dried apricots had a lower water concentration than the surrounding water.
	The explanation correctly describes water moving into the apricot cells by osmosis, following the concentration gradient.

	Is the term ‘osmosis’ used correctly?
	The term ‘osmosis’ is used correctly. It refers to the movement of water across a selectively permeable membrane, and this process caused the apricots to absorb water.
	We agree that the term is used correctly, but the explanation should mention the selectively permeable membrane to complete the definition.
	The explanation correctly uses the term ‘osmosis’, but it would be more scientifically precise to state that osmosis occurs across a selectively permeable membrane.

	Can it explain why the apricots increased in mass and changed in appearance and texture?
	It explains that water entered the apricot cells, making the apricots larger, heavier and softer.
	We agree that the explanation links water uptake to the observed changes, but it could also state that the cells filled with water, causing the fruit to swell.
	The explanation clearly explains why the apricots increased in mass and became softer. Adding that the cells swelled as they filled with water would strengthen the explanation.

	What, if anything, could be improved or added?
	The explanation should mention the selectively permeable membrane and explain that the dried apricots had a higher solute concentration (and therefore a lower water concentration) than the surrounding water.
	We agreed that including the concentration gradient and the selectively permeable membrane would make the explanation more complete.
	The explanation could be improved by stating that water moved across a selectively permeable membrane from an area of high water concentration (low solute concentration) to an area of low water concentration (high solute concentration) within the apricot cells. This provides a more complete scientific explanation of osmosis.


1. Predict what will happen to the apricots. Justify your predictions using your understanding of ‘osmosis’.
	Water will move from inside the apricots to the surrounding sugar solution because the apricots have a higher water concentration than the sugar solution. By osmosis, water will move out of the apricots into the sugar solution. This will cause the apricot cells to shrink and lose volume, making the apricots lighter, smaller, firmer and more wrinkled.




[bookmark: _Student_resource_–_8][bookmark: _Toc243061220]Student resource – osmosis and tonicity
Watch the video Osmosis and Tonicity (2:24) and answer the following questions:
1. What is ‘osmosis’?
	


1. What is the meaning of the term ‘tonicity’?
	


What will happen to the cell when it is placed in fresh water?
	


What is ‘lysis’?
	


What happens if cells are placed in a beaker containing a salt solution?
	


What is ‘crenation’?
	


What happens if cells are placed in a beaker containing a solution whose tonicity matches the tonicity of the cell contents?
	




[bookmark: _Sample_response_–_8][bookmark: _Ref233819501][bookmark: _Ref233843387]Sample response – student resource – osmosis and tonicity
1. What is ‘osmosis’?
	‘Osmosis’ is the diffusion of water across a semipermeable membrane.


1. What is the meaning of the term ‘tonicity’?
	Tonicity is the difference in concentration between 2 solutions separated by a semipermeable membrane. It helps predict the direction of water movement by osmosis.


What will happen to the cell when it is placed in fresh water?
	Water will diffuse into the cell through the semipermeable cell membrane because the cell’s contents are hypertonic compared with the hypotonic solution in the beaker. Through osmosis, water moves from an area of higher water concentration in the beaker to an area of lower water concentration inside the cell. If sufficient water enters the cell, it may swell and eventually burst.


What is ‘lysis’?
	Lysis is the breakdown of the cell membrane, causing the cell’s internal contents to be released. 


What happens if cells are placed in a beaker containing a salt solution?
	Water diffuses out of the cell because the surrounding solution is hypertonic relative to the cell’s contents. This causes the cell to shrink, or crenate.


What is ‘crenation’?
	Crenation is the shrinking or shrivelling of cells, particularly red blood cells, because of water loss. This occurs when cells are placed in hypertonic solutions; water diffuses out of the cells into the surrounding solution.


What happens if cells are placed in a beaker containing a solution whose tonicity matches the tonicity of the cell contents?
	No net water movement occurs because the surrounding fluid matches the cell’s contents in tonicity.




[bookmark: _Student_resource_–_9][bookmark: _Toc243061221]Student resource – making predictions using tonicity
For each scenario, predict what will happen and justify your prediction using your understanding of ‘osmosis’ and ‘tonicity’. In your explanation, describe the direction of water movement and its effect on the cells or organism.
1. A fresh celery stick is placed in distilled water.
	


1. Salt is sprinkled on a slug.
	


1. A patient is administered distilled water intravenously.
	


1. Salt is added to fresh fish.
	


1. The cell wall of a plant cell is removed, and the cell is then placed in distilled water.
	




[bookmark: _Ref233843570]Sample response – student resource – making predictions using tonicity
1. A fresh celery stick is placed in distilled water.
	The celery stick will become firmer and more rigid. Water moves into the plant cells by osmosis because the water concentration is higher outside the cells than inside. As water enters the cells, the vacuoles fill, creating turgor pressure that pushes the cell membrane against the cell wall and makes the celery turgid.


1. Salt is sprinkled on a slug.
	The slug loses water and becomes dehydrated. The salt creates a hypertonic environment around the slug, so water moves out of its cells by osmosis. As the cells lose water, they shrink, which causes the slug to dehydrate.


1. A patient is administered distilled water intravenously.
	The patient’s red blood cells would take up water by osmosis because distilled water is hypotonic relative to the cells. Water would move into the cells, causing them to swell and potentially burst (lysis). This is why distilled water is not used as an intravenous fluid; isotonic solutions are used instead.


1. Salt is added to fresh fish.
	Water moves out of the fish cells by osmosis because the salt creates a hypertonic environment. As the cells lose water, the fish becomes drier and firmer. This process helps preserve the fish by reducing the water available for microorganisms to grow.


1. The cell wall of a plant cell is removed, and the cell is then placed in distilled water.
	Water would move into the cell by osmosis because distilled water has a higher water concentration than the cell’s contents. Without the support of the cell wall, the cell membrane would continue to stretch as water enters, causing the cell to swell and eventually burst (lysis), similar to an animal cell.




[bookmark: _Toc243061222]Teaching advice
Before teaching the effects of different solution types on cells, ensure students understand osmosis, emphasising that water moves across a selectively permeable membrane from an area of higher water potential to an area of lower water potential. 
Define the 3 solution types: ‘hypertonic’, ‘hypotonic’ and ‘isotonic’, using simple diagrams and focusing on predicting the direction of water movement rather than memorising definitions.
Highlight the key difference between plant and animal cells: plant cells have a rigid cell wall, which explains why they become turgid in hypotonic solutions and plasmolysed in hypertonic solutions. In contrast, animal cells may lyse or crenate. Ensure students can accurately interpret and use appropriate scientific terminology when explaining how different solutions affect plant and animal cells. Use diagrams or practical activities, such as the naked egg experiment and soaking sultanas or apricots, to help students predict and explain changes in cells. Address common misconceptions by reinforcing that tonicity describes the solution relative to the cell, and that isotonic solutions involve no net movement of water.
[bookmark: _Toc243061223]Background information
‘Osmosis’ is the passive movement of water across a selectively permeable membrane from an area of higher water potential (lower solute concentration) to an area of lower water potential (higher solute concentration). The direction of water movement depends on the relative solute concentrations inside and outside the cell. 
A hypotonic solution has a lower solute concentration than the cell, so water moves into the cell. Animal cells swell and may lyse, while plant cells become turgid because the cell wall prevents them from bursting. 
An isotonic solution has a similar solute concentration to the cell, preventing water movement. Animal cells remain unchanged, while plant cells are flaccid because there is insufficient pressure to make them turgid. 
A hypertonic solution has a higher solute concentration than the cell, so water moves out of the cell. Animal cells shrink (crenate), while plant cells undergo plasmolysis as the cell membrane pulls away from the cell wall. The terms ‘hypertonic’, ‘hypotonic’ and ‘isotonic’ describe the solution relative to the cell. In an isotonic solution, water molecules move in both directions, so there is no net movement.
Checks for understanding
[bookmark: _Check_for_understanding_3][bookmark: _Ref233843701]Check for understanding 1 (2.4 PPT)
For each scenario below, identify the type of solution (hypertonic, hypotonic or isotonic) surrounding the cell.
1. A cell loses water and shrinks.
There is no net movement of water.
The cell swells and bursts.
Check for understanding 1 sample response
1. Hypertonic
Isotonic
Hypotonic
[bookmark: _Check_for_understanding_4][bookmark: _Ref236219129]Check for understanding 2 (2.4 PPT)
Match the term to its definition.
	Term
	
	Definition

	Osmoregulation
	
	A plant cell that is firm because it has taken up water and the cell contents press against the cell wall.

	Crenation
	
	A plant cell that has lost water and become limp because its contents no longer press against the cell wall.

	Flaccid
	
	The shrinking and wrinkling of an animal cell caused by water leaving the cell.

	Osmotic pressure
	
	The minimum pressure required to prevent the net movement of water across a semipermeable membrane.

	Plasmolysis
	
	The process by which organisms maintain a stable balance of water and dissolved substances within their bodies.

	Turgid
	
	The bursting of an animal cell due to excessive water entering the cell.

	Lysis
	
	The shrinking of the cytoplasm in a plant cell, causing the cell membrane to pull away from the cell wall after water is lost.


Check for understanding 2 sample response
Figure 4 – sample response, terms matched to their definitions
[image: Sample student response showing terms paired with definitions describing water balance and plant or animal cell responses. Gray alternating rows contain Term and Definition columns, while red connector lines link osmoregulation, crenation, flaccid, osmotic pressure, plasmolysis, turgid, and lysis to corresponding descriptions.]
[bookmark: _Check_for_understanding_9][bookmark: _Ref233843667]Check for understanding 3 (2.4 PPT)
Use the word bank to complete the cloze passage.
Word bank: selectively permeable, flaccid, shrink, isotonic, out of, plasmolysis, shrink, no, unchanged, solute, hypotonic, swell, into, hypertonic, turgid, burst, osmosis

	In all cases, water moves across a __________ membrane by __________. The direction of water movement depends on the difference in __________ concentration between the cell and the surrounding solution. When a cell is placed in a __________ solution, the surrounding solution has a lower solute concentration than the cell. This means water moves __________ the cell by osmosis, causing the cell to __________. A plant cell may become __________, while an animal cell may __________ because it lacks a cell wall. When a cell is placed in a __________ solution, the surrounding solution has a higher solute concentration than the cell. Water moves __________ the cell by osmosis, causing the cell to lose water and __________. In plant cells, this leads to __________, where the cell membrane pulls away from the cell wall. When a cell is placed in an __________ solution, the solute concentration is equal inside and outside the cell. Water continues moving in both directions, but __________ net movement, so the cell’s size stays constant. Animal cells stay __________ and plant cells become __________ because turgor pressure decreases.


Check for understanding 3 sample response
	In all cases, water moves across a selectively permeable membrane by osmosis. The direction of water movement depends on the difference in solute concentration between the cell and the surrounding solution. When a cell is placed in a hypotonic solution, the surrounding solution has a lower solute concentration than the cell. This means water moves into the cell by osmosis, causing the cell to swell. A plant cell may become turgid, while an animal cell may burst because it lacks a cell wall. When a cell is placed in a hypertonic solution, the surrounding solution has a higher solute concentration than the cell. Water moves out of the cell by osmosis, causing the cell to lose water and shrink. In plant cells, this leads to plasmolysis, where the cell membrane pulls away from the cell wall. When a cell is placed in an isotonic solution, the solute concentration is equal inside and outside the cell. Water continues moving in both directions, but without net movement, so the cell’s size stays constant. Animal cells stay unchanged and plant cells become flaccid because turgor pressure decreases.
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