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[bookmark: _Toc243046481]Rationale
[bookmark: _Hlk112402278][bookmark: _Hlk112408500][bookmark: _Toc112681289][bookmark: _Hlk112408586][bookmark: _Hlk112408794]This sample program of learning has been developed by the NSW Department of Education. NSW Education Standards Authority (NESA) defines programming as the process of selecting and sequencing learning experiences which enable students to engage with syllabus outcomes and develop subject-specific skills and knowledge (NESA 2026).
This program has been developed to assist teachers in NSW Department of Education schools to create learning experiences contextualised to their classroom. The program has suggested timeframes that may need to be adjusted by the teacher to align with the school calendar and meet the needs of their students. The program may provide links to webpages that are not part of the department’s website. These links are provided as a source of information or activities that may be suitable for delivering the course content. These sites are managed by organisations, companies or individuals outside of our control, and the department is not responsible for the information or subsequent links on these webpages.

[bookmark: _Toc243046482]Overview
This program of learning is aligned to the Department of Education’s Biology 11–12 (2025) scope and sequence. It outlines one way of covering the syllabus content for Cells as the basis of life.
The Cells as the basis of life focus area develops students’ understanding that cells are the fundamental structural and functional units of living organisms. Students investigate the structures and functions of prokaryotic and eukaryotic cells, including specialised organelles and the technologies used to study them. They examine how cells interact with their environment through membrane structure and transport processes, and explore the biochemical processes that sustain life, including photosynthesis, cellular respiration and enzyme activity. Students also investigate the storage, replication and transmission of genetic information through DNA replication, mitosis, meiosis and cytokinesis. Through practical investigations, modelling and analysis of evidence, students develop an understanding of how cellular structures and processes support growth, repair, reproduction, inheritance and the continuity of life. This provides a foundation for studying increasingly complex biological systems throughout the course.
Table 1 – overview
	Feature
	Details

	Outcomes
	A student:
explains how cell structures enable biological processes needed for life BI-11-01
designs and evaluates scientific investigations BI-11WS-02
conducts scientific investigations to collect data and information BI-11WS-03
selects and processes qualitative and quantitative data and information BI-11WS-04
analyses and evaluates primary and secondary data and information BI-11WS-05
uses scientific processes to solve scientific problems BI-11WS-06
communicates scientific arguments using evidence, scientific language and terminology for a specific audience BI-11WS-07
Biology 11–12 Syllabus © NSW Education Standards Authority (NESA) for and on behalf of the Crown in right of the State of New South Wales, 2025.

	Assessment
	Processing and analysing enzyme activity data

	Duration
	10 weeks

	Special materials and equipment
	Mini-grids (for microscopes)
Dialysis tubing
Oxygen gas sensor (optional)
Gas syringes (100 mL) with connective rubber tubing
Amylase enzyme
Garlic bulb
Aceto-orcein stain
Acetic-ethanol fixative (typically made of 1 part glacial acetic acid and 3 parts ethanol (95–100%))
Prepared slides of mitosis
Prepared slides of meiosis (either lily anther meiosis slides or grasshopper testis meiosis slides)


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.
[bookmark: _Toc243046483]Progression of learning
Prior learning
Students should come into this unit with an understanding of:
describe the characteristics of living things (Stage 4 Science Syllabus (2023) – Cells and classification)
outline cell theory (Stage 4 Science Syllabus (2023) – Cells and classification)
identify which cell structures and organelles are common in plant and animal cells (Stage 4 Science Syllabus (2023) – Cells and classification)
describe the functions of the cell membrane, cytoplasm, nucleus containing DNA, mitochondria and chloroplasts (Stage 4 Science Syllabus (2023) – Cells and classification)
compare the structure of plant and animal cells to identify similarities and differences (Stage 4 Science Syllabus (2023) – Cells and classification)
conduct an investigation to observe and record the similarities and differences between different cells, including fungi, bacteria, plant and animal cells, using microscopes and/or images obtained from microscopes (Stage 4 Science Syllabus (2023) – Cells and classification)
describe the role of specialised cells in multicellular organisms and explain why they are needed (Stage 4 Science Syllabus (2023) – Cells and classification)
examine the relationship between structure and function for a range of specialised cells (Stage 4 Science Syllabus (2023) – Cells and classification)
conduct a practical investigation to observe and compare prepared slides of specialised cells (Stage 4 Science Syllabus (2023) – Cells and classification)
cells as the basic structural unit of life and cell theory (Stage 4 Science Syllabus (2023) – Cells and classification)
the structure and function of different cell types and organelles within cells (Stage 4 Science Syllabus (2023) – Cells and classification)
how animals and plants maintain themselves as multicellular organisms (Stage 4 Science Syllabus (2023) – Living systems)
cellular respiration and photosynthesis as important biochemical processes (Stage 4 Science Syllabus (2023) – Cells and classification and Change)
the use of models in Science, including to explain concepts or make predictions (Stage 4 Science Syllabus (2023) – Data science 1)
the arrangement of genetic information in organisms (Stage 5 Science Syllabus (2023) – Genetics and evolutionary change)
the double helix structure of DNA and function of DNA (Stage 5 Science Syllabus (2023) – Genetics and evolutionary change).
Future learning
Students will use learning from this unit to:
[bookmark: _Toc185250187][bookmark: _Toc223546022]describe the nutrient, water and gas requirements of plants for photosynthesis and respiration (Year 11 Biology – Cells to systems)
discuss the conditions required for photosynthesis and predict how changes in conditions affect photosynthesis (Year 11 Biology – Cells to systems)
describe the process of polypeptide synthesis (Year 12 Biology – Heredity)
explain how mutagens cause mutations and the different types of mutations (Year 12 Biology – Heredity)
analyse how meiosis, crossing over, independent assortment, random segregation and fertilisation create genetic variation in offspring (Year 12 Biology – Heredity)
use examples of infectious diseases to classify infectious agents as macroorganisms, microorganisms or non-cellular pathogens (Year 12 Biology – Disease)
interpret and construct diagrams of the innate immune system including barriers, secretions, phagocytic leukocytes, antimicrobial proteins, inflammatory response and fever (Year 12 Biology – Disease)
explain how different biotechnologies work (Year 12 Biology – Biotechnology).
[bookmark: _Toc243046484]Navigating the resources
The focus area lesson sequences are grouped by content group titles as in the figure below.
[image: Reference to lesson sequence numbering.]
The focus area resources refer to teacher resource books and slide decks using codes. For example, lesson sequence ‘1.1 Prokaryotic and eukaryotic cells’ in the Cells as the basis of life program is aligned with:
the activities in Cells as the basis of life 1.1 Teacher resource book (1.1 TRB)
the Cells as the basis of life 1.1 slide deck (1.1 PPT).
Learning intentions and success criteria, teaching advice, detailed lesson instructions and student resource information are located in the 1.1 teacher resource book and 1.1 slide deck.
The resources use feature boxes to highlight key information as shown below:
Note: grey feature boxes highlight a note in teacher-facing material. 
Differentiation: blue feature boxes highlight a differentiation opportunity.
These resources use the teaching phases activate, core learning and consolidate during each lesson sequence. 
Activate: a short activity at the start of the lesson sequence that activates relevant prior knowledge and/or builds essential background knowledge. It prepares students for the core learning by helping them recall and connect key skills and content, identify misconceptions, and make meaningful links to the new learning.
Core learning: the main teaching and learning phase where new knowledge, understanding and skills are explicitly taught. Students progressively develop understanding through teacher modelling, guided practice, and independent practice and application. 
Consolidate: a short activity at the end of the lesson sequence to reinforce and retrieve the learning from the lesson. Students review, recall and apply the key content or skills introduced during the core learning to strengthen understanding and inform the teacher about student progress. 

[bookmark: _Toc243046485]Program of learning
[bookmark: _Toc243046486]1. Cell structures and functions
Table 2 – content, and teaching and learning activities for Cell structures and functions
	Content
	Teaching and learning activities
	Registration and evaluation notes

	Cell structures and functions
Use a variety of sources to compare the cellular structures of eukaryotic and prokaryotic cells 
Communicating
Select and use appropriate digital, visual, written and oral media to convey scientific arguments
Apply appropriate scientific notations, language and nomenclature
	[bookmark: _Toc243046487]1.1 Prokaryotic and eukaryotic cells (approximately 2 hours)
Activate
Activate prior knowledge of cell theory by presenting a series of true or false statements for students to evaluate. 
Discuss responses as a class to clarify misconceptions and reinforce the key principles of cell theory. 
Connect this knowledge to the diversity of cell structures by explaining that cells can be classified into different groups based on their structural features and organisation. 
Core learning
Features of prokaryotic and eukaryotic cells
Define the terms ‘prokaryotic’ and ‘eukaryotic’, and use a variety of diagrams, images and explanations to explore the detailed structures of each cell type. 
Model your thinking on how to observe and interpret images of prokaryotic and eukaryotic cells. Provide a table showing observable characteristics of prokaryotic and eukaryotic cells. Ask students to use this table to classify cells as either prokaryotic or eukaryotic.
Differentiation: challenge high-potential students by asking them to evaluate the usefulness of the evidence provided in Table 1 in the student resource for classifying the cells as either prokaryotic or eukaryotic.
Highlight the key structural features of prokaryotic and eukaryotic cells, including the location and organisation of genetic material. Explain how DNA is contained and organised in prokaryotic and eukaryotic cells.
Comparing prokaryotic and eukaryotic cells
Demonstrate the use of a Venn diagram as a visual comparison tool. 
Model the thinking needed to complete a Venn diagram that compares and contrasts the structural features of prokaryotic and eukaryotic cells, highlighting both similarities and differences. Play the video Prokaryotic Vs. Eukaryotic Cells (3:44), pausing as required to clarify key concepts. 
Differentiation: for students who need additional support with completing the Venn diagram, allow them to watch the video at their own pace and complete the cloze passage provided in the student resource. Use this as a scaffold to reinforce key similarities and differences between prokaryotic and eukaryotic cells. Progress students to a partially completed Venn diagram before supporting them to complete one independently. 
Constructing a response to ‘compare’ question
Define the key term ‘compare’, emphasising that it requires students to identify and discuss similarities and/or differences. 
Introduce and model the steps in the VCFS (Verb, Content, Focus, Scope) strategy using an exemplar question, guiding students through each component to unpack the question requirements. Model the thinking behind writing a high-quality response and provide a sample response. Jointly annotate the response to show how it addresses the quality criteria, highlighting the effective use of comparative connectives, relevant scientific terminology and accurate content.
Present a sample response that needs improvement and model the thinking needed to annotate and evaluate its strengths and weaknesses. Guide a discussion on how the response could be improved to meet the criteria. Allow students to rewrite the response independently, incorporating feedback, appropriate comparative language, and precise scientific terminology.
Check students’ understanding of prokaryotic and eukaryotic cells by asking them to classify cells and to justify their classification using structural features. Further check understanding with multiple-choice questions on the components and characteristics of prokaryotic and eukaryotic cells.
Consolidate
Consolidate learning with a sorting activity using pre-prepared cards that display the structural features of prokaryotic and eukaryotic cells.
Students classify each card into the appropriate category and independently justify their decisions using relevant scientific terminology and knowledge of cell structure.
	

	Cell structures and functions
Conduct a practical investigation to prepare a wet mount slide and identify the cytoplasm, cell wall and nucleus under a light microscope 
Conducting scientific investigations
Apply safe work practices and manage risks while conducting a scientific investigation
Use equipment appropriately and systematically to collect and record data, information, evidence and findings
	[bookmark: _Toc243046488]1.2 Preparing and observing a wet mount slide – practical investigation (approximately 2 hours)
Activate
Activate prior knowledge by showing students microscopic images of plant and animal cells and asking them to label key structures.
Display a physical microscope and guide students to identify the equipment and describe its purpose.
Students complete a cloze passage on the definition, function and types of microscopes. Connect this learning to preparing slides and observing cells in a laboratory setting.
Core learning
Using a microscope
Demonstrate the different parts of a microscope and their functions.
Explain the key concepts of ‘magnification’ and ‘resolution’ and demonstrate how specimens appear at different magnification levels.
Model the steps needed for correct microscope use to observe cells accurately.
Review the safety procedures by conducting a risk assessment and clearly outlining the expectations for safe microscope use during laboratory investigations.
Differentiation: students who cannot manipulate the microscope or other equipment because of physical disabilities can use the digital resource Virtual Microscope. Students can click the ‘Launch Activity’ tab, select options from the menu to learn about the microscope and explore different types of slides, and then test their knowledge of microscopes. Use this as a whole class activity to support students’ understanding of microscopes.
Preparing a wet mount slide
Explain what a ‘wet mount slide’ is and demonstrate how to prepare one.
Provide students with clear written instructions for preparing a wet mount slide using onion skin.
Guide students step by step through the preparation process, offering support as needed.
Model for students the steps needed to focus the specimen at different magnifications and record accurate observations. Demonstrate conventions of scientific drawings of cells at different magnifications and give students opportunities to produce labelled scientific diagrams based on their observations.
Differentiation: students who require additional support or prefer to work through the procedure at their own pace can watch the video Looking at onion cells using a microscope (3:41) using the 1.2 PPT ‘Preparing a wet mount slide using onion skin’. This video is also useful for students who were absent during the in-class practical, allowing them to review the method and key techniques independently.
Check students’ understanding of ‘microscopes’ and ‘wet mount’ preparation by asking them to calculate magnification using different objective lenses and to correctly sequence the jumbled steps for preparing a wet-mount slide.
Consolidate
Consolidate learning by having students complete a reflection activity on preparing a wet-mount slide where they identify one strength in their technique, one potential error and how to correct it. For example: 
Strength – added an appropriate amount of stain to the specimen. 
Error – air bubbles were trapped underneath the coverslip, making parts of the specimen difficult to observe. To fix the error, lower the coverslip slowly at an angle using a mounted needle or similar tool to minimise trapped air.
	

	Cell structures and function 
Describe the structure and function of the capsule, cell wall, cell membrane, cytoplasm, nucleoid, plasmid, ribosomes, flagella and pili in prokaryotic cells
Processing data and information
Select and use a range of representations to organise data and information, including graphs, keys, models, diagrams, tables and spreadsheets
Communicating
Apply appropriate scientific notations, language and nomenclature
	[bookmark: _Toc243046489]1.3 Structure and function of prokaryotic cells (approximately 1 hour)
Activate
Activate prior knowledge by presenting students with a series of incorrect statements about the features of prokaryotic cells, then asking them to correct and rewrite each statement accurately. 
Connect this to new learning about the structure and function of prokaryotic cell structures.
Core learning
Demonstrate the structure of prokaryotic cells by introducing bacteria as prokaryotic organisms. 
Play the video Prokaryotic cell (2:53), pausing as required to guide a discussion on key structures and their functions. 
Students are guided to complete a table by filling in missing information on the structure and function of prokaryotic cells.
After students gain foundational knowledge from the video, connect the features and functions of each structure, using images. For each structure, explain how it contributes to the cell’s ability to survive and reproduce.
Students independently answer questions about the roles of specific structures within the cell.
Differentiation: direct visual learners and students requiring further support in understanding the structure and function of prokaryotic cell structures to the online resource Cells alive!, where they can explore animations. By manipulating the model, students can better understand the relationship between the structure and functions of components of a prokaryotic cell.
Define the key term ‘explain’ and model how to use the CUBE strategy to structure responses to questions that require explanation.
Use a worked example to demonstrate how the strategy is applied in practice. Example question: ‘Explain how a cell wall helps a prokaryotic cell maintain its shape.’
Present students with sample responses. Model and break down the thinking needed to analyse sample responses to distinguish high-quality responses from those requiring improvement.
Demonstrate how to refine responses by annotating the scientific terminology and cohesive devices used to construct a well-developed explanation.
Reinforce learning by having students independently rewrite an improved response to the question.
Note: CUBE is an alternative strategy to VCFS for deconstructing key term-based questions. Use the strategy that best suits your students and familiarise them with it.
Check students’ understanding of prokaryotic cell structures by asking them to identify structures in prokaryotic cells and match each structure to its correct function.
Consolidate
To help students consolidate their understanding, ask them to complete a crossword that requires them to identify the prokaryotic cell structures for each clue.
	

	Cell structures and functions
Describe the structure and function of the cell wall, cell membrane, cytoplasm, nucleus, mitochondria, chloroplast, endoplasmic reticulum, Golgi body, ribosomes, lysosomes and vacuoles in eukaryotic cells 
Processing data and information
Select and use a range of representations to organise data and information, including graphs, keys, models, diagrams, tables and spreadsheets
	[bookmark: _Toc224646126][bookmark: _Toc243046490]1.4 Structure and function of eukaryotic cells (approximately 1 hour)
Activate
Activate prior knowledge by asking students to answer questions on eukaryotic cells and key structures found in prokaryotic and eukaryotic cells. Use cold calling and display one question at a time. Pause, then ask a non-volunteer to answer.
Connect this knowledge to how cellular structures relate to function in eukaryotic organisms.
Core learning
Explain that both plant and animal cells are eukaryotic cells. 
Demonstrate the detailed structure of plant and animal cells, including key organelles in each cell type. 
Explain each organelle’s functions and consistently link structure to function, highlighting how cellular components are adapted to perform specific roles in both plant and animal cells. Describe the key differences between plant and animal cells, such as chloroplasts in plant cells for photosynthesis.
Allow students to apply learning by labelling diagrams of plant and animal cells and completing a table outlining each organelle's structure and function. Ask students to answer a range of questions focused on explaining how the structure of cell organelles relates to their function.
Differentiation: provide information on the cytoskeleton, peroxisomes and amyloplasts to extend students.
Check students’ understanding using targeted questions on eukaryotic cell organelle structure and function. Use responses to identify misconceptions and reinforce accurate understanding.
Consolidate
Consolidate learning with an analogy activity in which students imagine a eukaryotic cell as a high school. Instruct students to select one organelle and match it to a real-life school role, place or system, explaining how the organelle's function matches its chosen analogy. Encourage students to justify their comparisons using accurate scientific reasoning.
	

	Cell structures and functions
Contrast the cell structure and organelles of plant and animal cells based on the function of the cell
Processing data and information
Select and use a range of representations to organise data and information, including graphs, keys, models, diagrams, tables and spreadsheets
Communicating
Apply appropriate scientific notations, language and nomenclature
	[bookmark: _Toc224646127][bookmark: _Toc243046491]1.5 Plant and animal cells (approximately 1 hour)
Activate
Activate prior knowledge by asking students to identify and label key structures in diagrams of plant and animal cell, then identify at least one difference between the 2 cell types.
Connect this knowledge to new learning about structural differences between plant and animal cells and cell specialisation.
Core learning
Plant and animal cells
Recall the structure of plant and animal cells, including the functions of key organelles covered in 1.4 Structure and function of eukaryotic cells. 
Reinforce the meanings of the terms ‘compare’ and ‘contrast’, then guide students in using a Venn diagram to compare and contrast the structure and function of plant and animal cells. Prompt students to draw on their prior experience of using Venn diagrams in 1.1 Prokaryotic and eukaryotic cells to support their comparison.
Specialised cells
Explain the concept of cell specialisation, emphasising that cell structures are adapted to perform specific functions within multicellular organisms.
Provide and discuss examples of specialised plant and animal cells, guiding students to identify how structural adaptations enable each cell to carry out its function effectively.
Explain the detailed structure and function of selected specialised plant and animal cells, reinforcing the relationship between cell structure and function through targeted examples and discussion.
Guide students in applying the CUBE strategy to answer a compare and contrast question, drawing on the explicit instruction provided in 1.3, Structure and Function of Prokaryotic Cells.
Model the thinking needed to develop a high-quality sample response that compares and contrasts the structure and function of specialised animal cells. Jointly annotate sample responses, identifying key features of an effective comparison.
Allow students to independently construct a written response to a compare and contrast question focused on specialised plant cells.
Check students’ understanding by asking them to answer targeted questions and complete a cloze passage on cell specialisation in plants and animals.
Consolidate
Provide students with a comparison table and instruct them to identify and record similarities and differences in the structure and function of plant and animal cells.
Guide students to use appropriate scientific terminology and draw connections between cellular structures and their roles in supporting cell function.
	

	Cell structures and functions
Conduct a practical investigation to calculate the size of a variety of specialised cells under the microscope using a mini-grid and the equation Cell size = diameter of field of view/number of cells across the field of view
Conducting scientific investigations
Apply safe work practices and manage risks while conducting a scientific investigation
Use equipment appropriately and systematically to collect and record data, information, evidence and findings
Processing data and information
Apply quantitative processes to data including unit conversions
Analysing data and information
Interpret data and information to identify outliers, make predictions, explain results and draw conclusions
	[bookmark: _Toc243046492]1.6 Calculating the size of variety of specialised cells: practical investigation (approximately 2 hours)
Activate
Activate students’ prior knowledge by asking questions about microscope use, magnification, and specialised cells. Use their responses to review key concepts and identify any misconceptions.
Connect this knowledge to new learning by explaining that a sound understanding of light microscopy, magnification and cell specialisation is essential for accurately observing, measuring, and determining the size of specialised cells during the practical investigation. 
Core learning
Modelling how to calculate the diameter of the field of view and the size of specialised cells
Demonstrate the concept of field of view and model how to calculate its diameter at different magnifications using a mini-grid slide.
Explain the differences between the 2 grids, demonstrate how to align the grid across the field of view, and teach the conversion of measurements from millimetres (mm) to micrometres (µm).
Using projected microscope images, guide students to count the number of grid squares spanning the field-of-view diameter and calculate the field of view at different magnifications. Then use a pre-prepared blood smear slide to model how to determine the size of a red blood cell by focusing the specimen at 400× magnification, counting the number of cells spanning the field of view, averaging multiple counts to improve reliability, and applying the appropriate formula.
Differentiation: for students with visual impairments, provide high-contrast, enlarged images of the mini-grid and cell specimens, and allow the use of digital imaging software where available. Pair students with a peer for microscope observations and data collection and ensure active participation in calculations and analysis.
Extend students’ understanding by demonstrating how the calculated size of a red blood cell can be used to estimate the size of a white blood cell.
Practical investigation
Provide students with printed instructions for the practical investigation and complete a risk assessment before guiding them through the procedure.
Model the steps needed to focus the mini-grid slide under different magnifications and guide students in calculating the field-of-view diameter in millimetres and micrometres. 
Once students have successfully completed these calculations, provide blood smear slides for them to independently determine the size of a red blood cell and use this value to estimate the size of a white blood cell.
Instruct students to repeat the process using onion skin slides to calculate cell size and compare results.
Differentiation: for students requiring additional support, provide partially completed calculations and a formula sheet with worked examples.
Drawing scale diagrams of cells
Explain that cells are too small to be seen with the naked eye, so scientists use scale drawings to visualise and compare them.
Model the skills and steps needed and guide students in constructing accurate scale drawings with correct proportions, labels, and scales.
Instruct students to independently complete scale drawings of red blood cells, white blood cells, and onion skin cells to compare cell size and structure.
Check students’ understanding by asking students to answer questions and complete tables based on magnification, unit conversions, and calculating the diameter of the field of view.
Consolidate
Present students with a jumbled sequence of procedural steps for determining the size of a specialised cell using a microscope.
Instruct students to independently order the steps correctly, reinforcing their understanding of the investigation process and the logical sequence required for accurate measurement.
	

	Cell structures and functions
Assess the impact of technological developments in microscopy on scientific understanding of cell structure and function 
Communicating
Constructing evidence-based arguments and recognise the role of peer review in the evaluation of scientific practices, solutions and conclusions
	[bookmark: _Toc232057668][bookmark: _Toc243046493]1.7 Understanding cell structure and function (approximately 1 hour)
Activate
Activate students’ prior knowledge about cells, microscopes and scientific discovery through a Think-Pair-Share activity using the prompt, ‘How do scientists know what cells look like and how they function if most cells are too small to be seen with the naked eye?’ Encourage students to reflect individually, discuss with a partner and share with the class.
Use responses to connect this knowledge to new learning about how advances in microscopy have enabled increasingly detailed observation of cells, deepening knowledge of cell structure, function and biological processes.
Core learning
Explain that microscopes are essential tools for studying cell structure and function by enabling observation of structures invisible to the naked eye.
Demonstrate the historical development of microscopy from the 1500s onwards, including key contributions from Robert Hooke, Antonie van Leeuwenhoek, modern light microscopes and electron microscopes.
Emphasise how each technological advancement has expanded scientific understanding of cell structure and function.
Differentiation: extend students by having them research different types of microscopes and their historical development, this can also be done as a student-centred activity. Divide students into groups and assign each group a specific type of microscope. Each group investigates how their assigned microscope functions, what it is used to observe, and how the information it provides has contributed to our understanding of cell structure and function. Groups can then present their findings to the class, allowing students to compare different microscopy techniques and relate this information to how advances in microscope technology have shaped our knowledge of cells over time.
Play the video The invention of the microscope (5:29). Use it as a stimulus to guide a discussion on modern microscopy techniques, including staining and colouring, fluorescence microscopy and confocal microscopy. 
Explain how these advances improve resolution and visibility of cellular structures and have enhanced scientific understanding of cell function by enabling observation of processes within living cells.
Define the key verb ‘assess’, emphasising the need for a clear, evidence-based judgement.
Use the CUBE method to unpack the question and identify key concepts and success criteria.
Model the thinking behind and co-construct a high-quality response, highlighting the requirement for a clear, decisive judgement supported by evidence. Provide an ‘assess’ verb scaffold to support structured writing.
Instruct students to independently complete a response evaluating the impact of advances in microscopy on the scientific understanding of cell structure and function.
Check students’ understanding of key technological developments in microscopy by having students match scientists and microscope types to their corresponding discoveries, contributions and advancements in scientific understanding of cell structure and function.
Consolidate
Provide students with 3 sample judgement statements of varying quality and ask them to independently identify the strongest example and justify their choice.
Guide a discussion about the characteristics of effective judgement, highlighting that it must be clear, decisive and supported by relevant evidence.
	


[bookmark: _Toc243046494][bookmark: _Toc146805877][bookmark: _Toc147481174][bookmark: _Toc112681291]2. Cells and their environment
Table 3 – content, and teaching and learning activities for Cells and their environments
	Content
	Teaching and learning activities
	Registration and evaluation notes

	Cells and their environments
· Use the fluid mosaic model of the cell membrane to explain the structure and function of protein channels, phospholipids, peripheral proteins, integral proteins, cholesterol and glycoproteins
Problem solving
Use modelling and cause-and-effect relationships, including mathematical examples, to make predictions, explain phenomena and solve problems
	[bookmark: _Toc243046495]2.1 Fluid mosaic model of the cell membrane: practical investigation (approximately 2 hours)
Activate
Activate students’ prior knowledge by using effective questioning, starting with a simple question about the structural features and function of cell membrane. Extend responses by using targeted probing questions to promote deeper thinking.
Connect this knowledge to new learning about the fluid mosaic model of the cell membrane.
Core learning
Structure of cell membrane
Model thinking about the structure of the cell membrane using labelled diagrams and the video Fluid mosaic model (3:17).
Explain the role and function of key membrane components and how the fluid mosaic model describes the dynamic nature of the membrane.
Provide students with diagrams for guided labelling and annotation, along with sentence starters to support their understanding and help them use accurate descriptions of the cell membrane's structure and function. 
Check students’ understanding of the structure and function of the cell membrane by asking them to answer questions using mini-whiteboards.
Using models in science
Explain the importance of scientific models as tools for representing structures and processes that cannot be directly observed, while acknowledging their strengths and limitations.
Demonstrate how to use plasticine to construct a model of the cell membrane, highlighting its key structural components.
Instruct students to work in small groups to create their own models.
Guide discussion throughout the activity by asking probing questions to assess students’ understanding, encourage critical thinking and support students to evaluate the accuracy and effectiveness of their models.
Ask students to independently modify one feature of their model and predict how this would affect membrane function, then discuss their predictions as a class.
Differentiation: for students requiring 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.
Check students’ understanding of the function of the cell membrane by asking them to write a short paragraph explaining how the cell membrane supports survival.
Consolidate
Provide students with a printed copy of an incomplete concept map and have them work collaboratively in small groups to complete it.
Guide a whole-class discussion to review the completed concept map, clarify key concepts and address any misconceptions or gaps in understanding.
	

	Cells and their environments
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 materials being exchanged
Processing data and information
Select and use a range of representations to organise data and information, including graphs, keys, models, diagrams, tables and spreadsheets
Problem-solving
Use modelling and cause-and-effect relationships, including mathematical examples, to make predictions, explain phenomena and solve problems 
	[bookmark: _Toc243046496]2.2 Transport across the cell membrane (approximately 2 hours)
Activate
Present a series of questions that activate prior knowledge on the materials needed for cells to survive and how they move into and out of cells.
Display one question at a time and provide sufficient wait time for students to formulate their responses. Facilitate a whole-class discussion by inviting students to share their ideas and justify their reasoning.
Connect the semipermeable nature of the cell membrane with the properties of materials that move into and out of cells.
Core learning
Use demonstrations of perfume diffusion in air and potassium permanganate diffusion in water to introduce the concept of a concentration gradient and the random movement of particles.
Define the terms ‘solute’, ‘solvent’ and ‘solution’, emphasising that particles remain in constant motion even after equilibrium is reached, although there is no net movement.
Explain the difference between passive transport (movement down a concentration gradient without energy) and active transport (movement against a concentration gradient requiring ATP), highlighting the relationship between concentration gradients, membrane transport and energy use.
Passive transport
Use the video Diffusion animation (0:51) to demonstrate simple diffusion, linking the process to concentration gradients, particle size and polarity, and the structure of the cell membrane.
Transition to facilitated diffusion using the video Facilitated diffusion (2:51). Explain the movement of larger polar molecules and ions through channel and carrier proteins.
Use questioning to compare simple and facilitated diffusion, then ask students to complete the relevant sections of a comparison table.
Introduce ‘osmosis’ as the diffusion of water through a semipermeable membrane using the video Osmosis animation (1:43).
Compare osmosis with simple and facilitated diffusion, emphasising the substance transported, membrane requirements and similarities as passive transport processes.
Instruct and guide students to complete the remaining sections of the comparison table, which they will revisit when active transport is introduced.
Check students’ understanding of passive transport by asking them to compare diffusion and osmosis.
Active transport
Use the video Active transport (1:30) to demonstrate and explain active transport, emphasising that substances move against the concentration gradient (from low to high concentration) and require ATP and carrier proteins.
Compare active transport with passive transport using questions, highlighting differences in energy requirements, direction of movement and the role of transport proteins.
Use examples such as mineral ion uptake by plant roots and glucose absorption in the small intestine.
Instruct and guide students to complete the remaining sections of the comparison table, comparing simple diffusion, facilitated diffusion, osmosis and active transport.
Check students’ understanding of active transport by asking them to list the key features of the process.
Bulk transport
Explain that large molecules and particles are moved into and out of cells in membrane-bound vesicles.
Use Endocytosis (1:30) and Exocytosis (1:10) to demonstrate that endocytosis involves the cell membrane engulfing substances, while exocytosis involves vesicles fusing with the cell membrane to release substances. Highlight that both processes require ATP and transport substances too large to pass through membrane proteins.
Use questioning to compare bulk transport with passive and active transport, focusing on the size of substances transported, the role of vesicles and energy requirements.
Instruct and guide students to add information on endocytosis and exocytosis to the comparison table.
Check students’ understanding of transport across the cell membrane by having them complete a matching activity based on different substances, their properties and mode of transport.
Differentiation: the table provided represents a higher-order response. Differentiate expectations according to the 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 release the scaffolding as students develop confidence and independence.
Optional activity
Ask students to create a concept map summarising membrane transport. Students should organise transport processes into passive transport (simple diffusion, facilitated diffusion and osmosis), active transport and bulk transport (endocytosis and exocytosis), linking each process to its energy requirements, direction of movement relative to the concentration gradient, transport mechanism (phospholipid bilayer, transport proteins or vesicles), and examples of substances transported.
Consolidate
Provide students with a worksheet containing instructions and questions based on the ‘Membrane Transport’ simulation.
Instruct students to independently complete the PhET simulation Membrane Transport to reinforce their understanding of diffusion, osmosis and active transport.
Ask students to manipulate variables such as concentration gradients, membrane permeability and particle type, then observe and explain how these changes affect the movement of substances across the membrane.
Instruct students to use their observations to answer the questions in the worksheet.
	

	Cells and their environments
Conduct practical investigations to demonstrate the processes of diffusion and osmosis
Conducting scientific investigations
Apply safe work practices and manage risks while conducting a scientific investigation
Use equipment appropriately and systematically to collect and record data, information, evidence and findings
Analysing data and information
Assess the validity, reliability, accuracy and precision of data and information
Evaluate data and information to suggest improvements or further investigations
	[bookmark: _Toc243046497]2.3 Demonstrating the process of diffusion and osmosis – practical investigation (approximately 2 hours)
Activate
Introduce the lesson with a demonstration using a beaker half-filled with tap water and a tea bag.
Ask students to observe and independently describe what happens, then explain their observations using diffusion and osmosis.
Instruct students to use the demonstration as a prompt to complete a Claim–Evidence–Reasoning (CER) task.
Use class discussion of student responses to transition to and connect with the following practical investigations, including the osmosis in sultanas activity and the dialysis tubing diffusion and osmosis investigation.
Core learning
Provide dry and soaked sultanas and ask students to compare mass, size, appearance and texture. Guide discussion to link the observed changes to osmosis.
Explain the starch test and how starch, iodine solution and dialysis tubing can be used to model diffusion and osmosis.
Introduce the dialysis tubing investigation and guide students through the risk assessment.
Model the thinking behind determining the independent, dependent, and controlled variables in the investigation.
Model how to prepare dialysis tubing and demonstrate the experimental setup.
Guide students through each step of the procedure, then have them complete the investigation independently.
Conclude with a guided class discussion linking observations to diffusion and osmosis.
Check students’ understanding of the dialysis tubing investigation by having them identify variables and trends in the diffusion graph.
Consolidate
Provide students with a set of statements and ask them to independently sort them into 3 categories: diffusion, osmosis or neither. Address any misconceptions as needed.
	

	Cells and their environments
Predict the effects of hypertonic, hypotonic and isotonic solutions on animal and plant cells
Problem-solving
Use modelling and cause-and-effect relationships, including mathematical examples, to make predictions, explain phenomena and solve problems
	[bookmark: _Toc243046498]2.4 Exploring tonicity – secondary-source investigation (approximately 2 hours)
Activate
Begin the lesson with a scenario in which a student measures the mass of dried apricots and records their appearance and texture. After soaking the apricots overnight, the student measures the mass again and records the observed changes. Independently, students propose explanations for these observations.
Display the explanation on the board and instruct students to use Think-Pair-Share to evaluate it, drawing on their prior knowledge of osmosis.
Extend the scenario by stating, ‘The student places the soaked apricots into a concentrated sugar solution’.
Ask students to independently predict what will happen to the apricots and justify their prediction using appropriate scientific terminology, including the direction of water movement in relation to the concentration gradient.
Use student responses to connect to and introduce the concepts of ‘hypertonic’, ‘hypotonic’ and ‘isotonic’ solutions and their effects on cells.
Core learning
Define the terms ‘hypertonic’, ‘hypotonic’ and ‘isotonic’, connecting each concept to the apricot investigation.
Watch the video Osmosis and tonicity (2:24) and guide students to answer questions on the key ideas.
Use annotated diagrams to demonstrate reinforce water movement and the effects of different solutions on cells.
Introduce decalcified eggs as a model of an animal cell.
Instruct students to observe the eggs and predict how the decalcified eggs will change after immersion in hypertonic and hypotonic solutions.
Immerse the eggs in hypertonic and hypotonic solutions and prompt students to observe the changes in the 2 eggs.
Guide a discussion on the students’ observations as a class and guide students to explain the changes using the concepts of osmosis and concentration gradients.
Use diagrams to explain how plant and animal cells behave in hypertonic, hypotonic, and isotonic solutions, highlighting the role of the plant cell wall.
Consolidate learning by providing real-life scenarios where students predict and justify the effects of different solutions on plant and animal cells using appropriate scientific terminology.
Check students’ understanding of types of solutions by asking them to identify the type of solution surrounding the cell based on the direction of movement of water. Conduct further checks for understanding of the effects of different types of solutions on cells by asking them to match the terms with the correct definitions and to complete a cloze passage.
Differentiation: challenge high-potential students to design and conduct their own investigation 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 cells, human cells or food preservation.
Consolidate
Students independently complete a table to identify the direction of water movement and describe the effect on plant and animal cells when surrounded by hypertonic, hypotonic and isotonic solutions. 
	


[bookmark: _Toc243046499]3. Biochemical processes
Table 4 – content, and teaching and learning activities for Biochemical processes
	Content
	Teaching and learning activities
	Registration and evaluation notes

	Biochemical processes
Relate carbon dioxide, oxygen, water, ions, amino acids and glucose to cell requirements
Processing data and information
· Select qualitative and quantitative information from texts, diagrams, flow charts, tables, databases, graphs and multimedia resources
	[bookmark: _Toc243046500]3.1 Cell requirements for animals and plants – secondary-source investigation (approximately 1 hour)
Activate
Activate students’ prior knowledge about cellular requirements by asking what plants and animals (specifically humans) need to function efficiently as multicellular organisms.
Connect this to students’ new learning about specific substances such as carbon dioxide, oxygen, water, ions, amino acids and glucose that cells require and the biochemical processes these substances support.
Core learning
Relating substances to cell requirements
Define a ‘biochemical process’ and provide examples, outlining that enzymes facilitate chemical reactions in biochemical pathways.
Note: in this and subsequent lesson sequences, cellular respiration is introduced and taught. Throughout these focus area resources, references to respiration refer specifically to aerobic respiration. Other pathways that can occur when oxygen is unavailable or insufficient, including anaerobic respiration and fermentation, are beyond the scope of this focus area and are not taught in these resources.
Similarly, the concept of ‘photosynthesis’ is taught. Throughout these focus area resources, references to photosynthesis refer specifically to oxygenic photosynthesis. Non-oxygenic photosynthesis is beyond the scope of this focus area and is therefore not taught in these resources.
Provide students with a text and model, through a think-aloud, how to extract and summarise key points about how carbon dioxide, oxygen, water, ions, amino acids and glucose meet cell requirements and support biochemical processes.
Check students’ understanding of these substances and their roles in meeting cell requirements.
Consolidate
Use a ‘Because’ retrieval challenge to independently consolidate students’ understanding of the substances and how they relate to cell requirements.
	

	Biochemical processes
Use the summary equation  to describe the process of cellular respiration
Use the summary equation   to describe the process of photosynthesis
Communicating
Apply appropriate scientific notations, language and nomenclature
	[bookmark: _Toc243046501]3.2 Cellular respiration and photosynthesis (approximately 1 hour)
Activate
Activate students’ prior knowledge of cell requirements from Year 7 Cells, Year 8 Living Systems and the previous lesson through targeted retrieval questions, connecting the substances required by cells to the new learning on cellular respiration and photosynthesis.
Core learning
Note: in this lesson sequence, cellular respiration is taught. Throughout these focus area resources, references to respiration refer specifically to aerobic respiration. Other pathways that can occur when oxygen is unavailable or insufficient, including anaerobic respiration and fermentation, are beyond the scope of this focus area and are not taught in these resources.
Similarly, the concept of ‘photosynthesis’ is taught. Throughout these focus area resources, references to photosynthesis refer specifically to oxygenic photosynthesis. Non-oxygenic photosynthesis is beyond the scope of this focus area and is therefore not taught in these resources.
Cellular respiration
Define key terms students will need to know for cellular respiration and photosynthesis, including ‘adenosine triphosphate (ATP)’, ‘carbon dioxide’, ‘glucose’, ‘oxygen’ and ‘water’. Use a matching activity to check students’ understanding of these key terms.
Provide students with a worksheet containing a diagram and formula for cellular respiration with accompanying questions. Define ‘cellular respiration’ and model the steps needed to interpret a scientific diagram of cellular respiration.
Through a modelled think-aloud and guided discussion, students learn to apply appropriate scientific notation, language and nomenclature, including chemical formulae, coefficients and biological terminology, to describe cellular respiration and complete their worksheet.
Check students' understanding of cellular respiration by providing an image of the cellular respiration formula for them to interpret and use to answer questions.
Photosynthesis
Provide students with a worksheet containing a diagram and formula of photosynthesis with accompanying questions. Model the thinking needed to interpret the scientific diagram and construct the summary equation for photosynthesis by identifying reactants and products and the role of light energy and chlorophyll.
Through guided practice, students apply appropriate scientific notation, language and nomenclature to interpret and describe the process of photosynthesis using scientific representations as they complete their worksheet.
Check students' understanding of photosynthesis by providing an image of the photosynthesis formula, which they interpret to respond to questions.
Consolidate
Students independently consolidate their understanding of the 2 processes by comparing cellular respiration and photosynthesis, referring to the reactants, products and purpose of each process.
	

	Biochemical processes
Explain the role of enzymes in cells
Use diagrams of the induced fit model and the lock and key model to explain the interaction between enzymes and specific substrates
Processing data and information
Select qualitative and quantitative information from texts, diagrams, flow charts, tables, databases, graphs and multimedia resources
Problem-solving
Use modelling and cause-and-effect relationships, including mathematical examples, to make predictions, explain phenomena and solve problems
	[bookmark: _Toc243046502]3.3 Enzymes as catalysts – secondary-source investigation (approximately 1 hour)
Activate
Activate students’ prior knowledge about biochemical processes and the role of enzymes in speeding up reactions in cells through a structured class discussion.
Connect this to students’ new learning about what enzymes are and why cells need enzymes, as cells require thousands of reactions to occur quickly to stay alive.
Core learning
The role of enzymes
Define an ‘enzyme’ as a biological catalyst that increases the rate of a chemical reaction, using examples.
Check students’ understanding of what an enzyme is by providing a range of statements and asking students to identify the statement that most accurately describes an enzyme.
Through guided or independent practice, have students engage with a text to select and summarise key points to answer comprehension questions about the role of enzymes in cells. 
Check students’ understanding of the role of enzymes in cells by providing a scientifically inaccurate statement and asking them to describe what is wrong with it.
Enzyme-substrate interaction
Define key terms such as ‘enzyme’, ‘active site’, ‘products’ and ‘enzyme-substrate specificity’. Teachers use diagrams of the lock-and-key and induced fit models to explain enzyme-substrate interactions and enzyme specificity. Explain how substrates bind to active sites, form enzyme-substrate complexes, and are converted into products. Students use these models to explain differences in enzyme action across both representations.
Check students’ understanding of enzyme-substrate interactions in the lock-and-key and induced-fit models using multiple-choice questions.
Consolidate
Students independently apply their understanding by using both models to explain how a specific enzyme interacts with its substrate, reinforcing cause-and-effect relationships between structure, binding and reaction outcome.
	

	Biochemical processes
Plan and conduct laboratory experiments to demonstrate the effect of temperature, pH and substrate concentration on the efficiency of a selected enzyme
Analyse graphs to explain the effect of temperature, pH and substrate concentration on enzyme activity 
Planning scientific investigations
Select appropriate materials and technologies to design a scientific investigation
Conducting scientific investigations
Apply safe work practices and manage risks while conducting a scientific investigation
Processing data and information
Apply quantitative processes to data, including unit conversions
Select and use a range of representations to organise data and information, including graphs, keys, model, diagrams, tables and spreadsheets
Analysing data and information
Interpret data and information to identify outliers, make predictions, explain results and draw conclusions
	[bookmark: _Toc243046503]3.4 Factors that influence enzyme efficiency – practical investigation (approximately 2 hours)
Activate
Activate students' prior knowledge about the role of enzymes in cells and how enzymes work by providing them with mini whiteboards and questions to respond to.
Connect this to students’ new learning about how different environmental conditions (temperature, pH and substrate concentration) can affect how efficiently enzymes work by influencing enzyme-substrate interactions.
Core learning
How can enzyme efficiency be impacted?
Provide students with a text about the factors that affect enzyme efficiency and, through independent practice, have them extract and summarise key points to respond to questions about how temperature, pH and substrate concentration affect enzyme efficiency.
Check students’ understanding of how extreme conditions can impact enzyme efficiency using a multiple-choice question.
The impact of temperature on enzyme efficiency 
Note: this lesson sequence and subsequent lesson sequences focus on different elements of planning investigations and analysing data from investigations to ensure students develop the required knowledge and skills for the content points and assessment task, while avoiding unnecessary cognitive load associated with teaching all content and skills in a single lesson sequence.
Define ‘catalase’ and outline its importance in the human body for speeding up the breakdown of hydrogen peroxide.
Activate students’ prior knowledge of how to write a quality materials list and procedure for a laboratory experiment. Model through a think-aloud or jointly construct an appropriate materials list and procedure for a laboratory experiment to determine how temperature affects catalase efficiency. 
Check students’ understanding of how to write a quality procedure by providing procedure steps and having students identify 2 improvements.
Model the thinking behind a provided risk assessment to support students in applying safe work practices and managing risks when conducting the laboratory experiment.
Check students’ prior knowledge about tabulating and graphing data collected from laboratory experiments. Model through a think-aloud or jointly construct a quality table to organise and collate data from the investigation.
Differentiation: provide varied levels of scaffolds to support students who may have difficulty constructing quality tables.
Have students conduct the investigation, collate the data as a class, apply quantitative processes to calculate the mean for each treatment group and represent the data in a suitable graph. For example, a scatter plot with a curve of best fit.
Differentiation: if required, support students in applying quantitative methods to calculate the mean for each treatment group.
Model the steps needed to analyse the graph and interpret data from the investigation to explain the results and construct an evidence-based conclusion (using Claim, Evidence, Reasoning (CER) about the impact of temperature on catalase efficiency.
Guide students to explain why catalase’s optimum temperature is close to 37 °C, relating it to its role in the human body.
Check students’ understanding of how temperature affects catalase efficiency by providing a multiple-choice question.
Consolidate
Provide students with 3 scenarios and have students work in pairs to decide where catalase would work best. For each scenario, students should identify the relative enzyme efficiency (low, medium, high) and explain why using their knowledge of enzymes.
	

	Biochemical processes
Plan and conduct laboratory experiments to demonstrate the effect of temperature, pH and substrate concentration on the efficiency of a selected enzyme
Analyse graphs to explain the effect of temperature, pH and substrate concentration on enzyme activity 
Planning scientific investigations
Assess potential hazards and their associated risks to develop a risk assessment
Analysing data and information
Describe qualitative and quantitative relationships between variables
Explain patterns and trends, including inconsistencies in data and information
Assess error, uncertainty and limitations in data and include calculations of percentage error, range, mean and standard deviation
	[bookmark: _Toc243046504]3.5 The impact of substrate concentration on enzyme efficiency – practical investigation (approximately 2 hours)
Activate
Activate students’ prior knowledge about the role of catalase and how enzymes work through a structured class discussion.
Connect this to students’ new learning about how substrate concentration affects enzyme efficiency.
Core learning
The impact of substrate concentration on catalase efficiency
Define ‘substrate concentration’ and explain its role in enzyme activity using catalase as the example.
Use guided practice or have students independently plan a laboratory experiment to determine the impact of substrate concentration on catalase efficiency by constructing an appropriate materials list and procedure, and by modelling or using guided practice to construct an appropriate risk assessment.
Use guided practice or have students independently construct an appropriate results table then conduct the investigation, collate class data, calculate means, and represent the results in a scatter plot with a curve of best fit.
Model the thinking needed to analyse the graph including trends, patterns, relationships and inconsistencies in the data to explain the effect of substrate concentration on catalase activity, including why the reaction rate increases and eventually plateaus.
Differentiation: students who may require additional teaching and support to identify trends, relationships and inconsistencies in data can be taught using the ‘Trends, patterns and relationships’ resource.
Demonstrate how you would identify sources of experimental error and evaluate how these may impact the validity of conclusions, then use guided practice or have students independently construct an evidence-based conclusion about the effect of substrate concentration on catalase efficiency.
Check students’ understanding of how substrate concentration affects catalase efficiency by providing a multiple-choice question.
Consolidate
Have students work in groups to respond to questions, then share their responses as a class to consolidate their understanding of how substrate concentration affects catalase efficiency.
	

	Biochemical processes
Plan and conduct laboratory experiments to demonstrate the effect of temperature, pH and substrate concentration on the efficiency of a selected enzyme
Analyse graphs to explain the effect of temperature, pH and substrate concentration on enzyme activity 
Planning scientific investigations
Justify the use of independent, dependent, and controlled variables, and, experimental controls in a valid scientific investigation
Explain how reliable primary data is obtained
Analysing data and information
Assess the validity, reliability, accuracy and precision of data and information
Evaluate data and information to suggest improvements or further investigations
	[bookmark: _Toc243046505]3.6 The impact of pH on enzyme efficiency – practical investigation (approximately 2 hours)
Activate
Activate students’ prior knowledge about the role of enzymes and how they work through a structured class discussion.
Connect this to students’ new learning, in which they will use their knowledge of active sites and denaturation to investigate and explain the impact of pH on enzyme efficiency.
Core learning
The impact of pH on amylase efficiency
Define ‘amylase’, outline its role in the human body and introduce the laboratory experiment to students to determine the impact of pH on amylase efficiency by measuring the time taken for starch to break down.
Activate students’ prior knowledge of experimental design, including variables, experimental control, reliability, precision, accuracy and validity. If required, reteach experimental design concepts using the validity, reliability, precision and accuracy resource.
Model the thinking needed to identify and justify the independent, dependent and controlled variables and explain how these contribute to a valid investigation, including how reliable data is obtained in an experiment.
Guide a discussion on safety requirements using a given risk assessment, then students conduct the experiment, record class data in a given results table and independently calculate the mean for each treatment group. 
Students independently graph the results using a scatter plot with a curve of best fit, then analyse the data by interpreting results using time as the measure of reaction speed.
Model the thinking needed to evaluate the validity, reliability, accuracy and precision of the investigation and suggest improvements to the experimental design. 
Students independently construct a CER conclusion explaining the effect of pH on amylase activity, linking results to enzyme structure, active site function, and denaturation at extreme pH.
Check students’ understanding of how pH affects amylase efficiency by providing a multiple-choice question.
Consolidate
Students engage with a secondary dataset presented as a reaction rate graph and are introduced to converting time data into reaction rate (1 ÷ time).
Students compare time-based and rate-based representations of enzyme activity and work in pairs to explain why reaction rate provides a clearer interpretation of enzyme efficiency.
Students compare their experimental conclusions with the secondary dataset and work in pairs to evaluate the reliability of their findings.
	

	Biochemical processes
Plan and conduct laboratory experiments to demonstrate the effect of temperature, pH and substrate concentration on the efficiency of a selected enzyme
Analyse graphs to explain the effect of temperature, pH and substrate concentration on enzyme activity 
	[bookmark: _Toc243046506]Assessment task (approximately 1 hour)
The assessment task should be delivered in class over approximately 60 minutes under examination conditions. 
The assessment task should be delivered after teaching the first 3 content groups (cell structures and functions, cells and their environments and biochemical processes).
In the task, students work independently to answer questions by engaging with the stimulus, equipment list and procedure, then processing and analysing the provided data on the impact of pH on catalase efficiency. 
Students are expected to refer to and use the stimulus, equipment list, procedure and provided data as required to complete the questions. 
Marking criteria and sample responses are provided for teachers. Students should not be shown the marking criteria before completing the assessment task.
	


[bookmark: _Toc243046507]4. Cell division
Table 5 – content, and teaching and learning activities for Cell division
	Content
	Teaching and learning activities
	Registration and evaluation notes

	Cell division
Use the deoxyribonucleic acid (DNA) double helix model to demonstrate the structure of DNA, including nucleotide composition, complementary base pairing and hydrogen bonding
Problem solving
· Use modelling and cause-and-effect relationships, including mathematical examples, to make predictions, explain phenomena and solve problems
	[bookmark: _Toc243046508]4.1 Structure of DNA (approximately 1 hour)
Activate
Activate students’ prior knowledge of the structure of deoxyribonucleic acid (DNA), including complementary base pairing and the information DNA carries, by providing incomplete statements and mini whiteboards for students to indicate their responses.
Connect this to students’ new learning about DNA structure, including nucleotide composition, hydrogen bonding and how bases pair in a complementary and predictable way.
Core learning
Model of DNA structure
Define ‘DNA’ as the molecule that carries genetic information in living organisms and introduce key terminology related to DNA structure, including ‘nucleotide’, ‘nitrogenous base’, ‘complementary base pairing’, ‘hydrogen bond’, ‘sugar-phosphate backbone’ and ‘antiparallel strands’.
Check students’ understanding of key terms related to DNA structure by providing a word bank and definitions and having students match them.
Use the DNA double helix model (The Structure of DNA – LabXchange) to explain the structure of DNA, including nucleotide composition, complementary base pairing and hydrogen bonding. Students annotate and interpret the model to identify DNA's structural components and explain how nucleotides, hydrogen bonds and complementary base pairing contribute to the formation and stability of the double helix.
Differentiation: the simulation includes information beyond what students need to know in the syllabus. As an optional activity to extend students, work through these additional concepts with students, such as the impact of heat on DNA and the hydrophobic nature of nitrogenous bases relative to the hydrophilic sugar-phosphate backbone.
Demonstrate how to use cause-and-effect relationships to explain how the arrangement of nucleotides contributes to the formation of the twisted double helix structure of DNA.
Check students’ understanding of DNA structure by asking targeted questions and having them respond to each question.
Consolidate
Students consolidate their understanding of DNA structure by observing a simplified diagram (model) of DNA, then independently constructing an explanation that includes the double helix structure, nucleotide composition, complementary base pairing and hydrogen bonding.
Students independently explain how the DNA model supports their understanding of DNA structure and use cause-and-effect reasoning to link nucleotide arrangement and hydrogen bonding to DNA's resulting shape and stability.
	

	Cell division
Construct diagrams to compare the forms in which DNA exists in prokaryotic and eukaryotic cells
Processing data and information
Select and use a range of representations to organise data and information, including graphs, keys, models, diagrams, tables and spreadsheets
	[bookmark: _Toc243046509]4.2 DNA in prokaryotes and eukaryotes – secondary-source investigation (approximately 1 hour)
Activate
Activate students’ prior knowledge about the definition of ‘prokaryotic’ and ‘eukaryotic’ cells using a matching activity. Then, ask students to organise statements from a word bank into the correct columns of a table to review how DNA is organised in prokaryotic and eukaryotic cells.
Connect this to students’ new learning, in which they will learn about the structure and packaging of DNA in prokaryotic and eukaryotic cells.
Core learning
Features of DNA in prokaryotic and eukaryotic cells
Students independently engage with a scientific text to extract and summarise information about the features of DNA in prokaryotic and eukaryotic cells to respond to comprehension questions, preparing them to represent this information in diagrams and structured comparisons.
Check students’ understanding of the features of DNA in prokaryotic and eukaryotic cells by asking targeted questions and having them respond using mini whiteboards.
Scientific diagrams of DNA in prokaryotic and eukaryotic cells
Review scientific drawing conventions with students.
Model your thinking and the steps needed to draw accurate diagrams of DNA in prokaryotic cells, demonstrating the use of clear lines, correct proportions, and appropriate labelling conventions.
Guide students to construct a diagram of DNA in a eukaryotic cell.
Check students’ understanding of drawing scientific diagrams by providing a multiple-choice question.
Comparing DNA in prokaryotic and eukaryotic cells
Students will use the completed diagrams and extracted information to compare the forms in which DNA exists in prokaryotic and eukaryotic cells. Using guided practice students complete a table and answer questions to outline the similarities and differences between DNA in prokaryotic and eukaryotic cells.
Check students’ understanding of the similarities and differences between DNA in prokaryotic and eukaryotic cells using a multiple-choice question.
Consolidate
Review how to construct a response to a ‘compare’ question. Students independently practice constructing a response comparing the forms DNA takes in prokaryotic and eukaryotic cells. Students then use the marking criteria to provide feedback on their peers’ responses.
Differentiation: if students require support with constructing a ‘compare’ response, provide students with sentence starters (this can be done using the provided sample response), a list of connectives to show similarity and difference or a list of scientific terminology to incorporate in their response.
You can extend students by having them use similarities in DNA structure between prokaryotes and eukaryotes to explain how genetic engineering is possible.
	

	Cell division
Conduct a practical investigation to model the process of DNA replication, demonstrating the role of complementary bases, the replication fork with leading and lagging strands, and the enzymes of helicase, primase, DNA polymerases and ligase
Assess the use of models to demonstrate DNA replication 
Problem solving
Use modelling and cause-and-effect relationships, including mathematical examples, to make predictions, explain phenomena and solve problems
	[bookmark: _Toc243046510]4.3 DNA replication – practical investigation (approximately 2 hours)
Activate
Activate students’ prior knowledge of eukaryotic DNA structure, specifically complementary base pairing and hydrogen bonding between nitrogenous bases.
Connect this to students’ new learning, in which they will use their understanding of DNA structure to explain how DNA replication occurs.
Core learning
DNA replication
Use the DNA Replication – 3D (3:27) video to demonstrate how to annotate the process of DNA replication on the diagram model, including the origin of replication, replication fork, complementary base pairing, leading and lagging strands, and the role of helicase, primase, DNA polymerases and ligase in replication.
Differentiation: students are not required to know the role of Okazaki fragments or exonuclease in the video; however, you can include these concepts as an extension for students who require an additional challenge.
Check students’ understanding of DNA replication by asking students a series of targeted questions and having them respond using mini whiteboards.
Modelling DNA replication
Review what a ‘scientific model’ is and how models are used in Science.
Check students’ understanding of why models are useful in Science by asking a question and cold calling students.
Guide students to use modelling to explain phenomena, introducing DNA replication as a microscopic process that requires models to support understanding. Define ‘DNA replication’ as the process by which DNA produces an identical copy of itself before cell division.
Through guided or independent practice, students conduct a practical investigation to model DNA replication by completing the DNA Replication Simulator and responding to questions about the model.
Assessing the use of models for DNA replication
Review the definition of the key word ‘assess’ and outline how to respond to a question asking for an assessment of an idea.
Provide students with a table and explain how to outline the strengths and weaknesses of models in representing the real process of DNA replication, and how to judge the usefulness of each model in explaining DNA replication.
Differentiation: extend students by having them use the completed scaffold to write a text assessing the usefulness of models in demonstrating DNA replication.
Check students’ understanding of using models to demonstrate DNA replication by providing a multiple-choice question.
Consolidate
Students consolidate their understanding of DNA replication and model use by engaging with a DNA replication model containing scientific inaccuracies. Students independently identify whether statements are scientifically correct or incorrect, provide their reasoning and correct inaccuracies using appropriate scientific terminology.
	

	Cell division
Compare the structures and roles of somatic and gametic cells 
Communicating
Apply appropriate scientific notations, language and nomenclature
	[bookmark: _Toc243046511]4.4 Somatic and gametic cells – secondary-source investigation (approximately 1 hour)
Activate
Activate students’ prior knowledge about the role of DNA in cells and why DNA must replicate before cell division by providing questions for students to answer independently, then discuss them as a class.
Connect this to students' new learning about somatic and gametic cells.
Core learning
The structure and role of somatic and gametic cells
Introduce ‘somatic’ and ‘gametic’ cells, explaining that multicellular organisms require different somatic and gametic cells to perform different functions, and that these cells differ in how much genetic information they contain.
Define the key terms ‘somatic cell’, ‘gametic cell’, ‘diploid (2n)’ and ‘haploid (n)’, modelling the correct use of scientific notation. 
Students independently practice engaging with a text to extract and summarise key points in response to questions about the structure and role of somatic and gametic cells.
Check students’ understanding of somatic and gametic cells. Provide them with 2 statements and ask students to identify whether each statement relates to the structure and role of somatic and gametic cells.
Comparing somatic and gametic cells
Through guided or independent practice, students construct a double Venn diagram to compare the similarities and differences between the structures and roles of somatic and gametic cells.
Provide students with a question and have them independently deconstruct, plan and write a response comparing the structures and roles of somatic and gametic cells, explaining how structure relates to function. Students then peer-review or self-reflect on their written response using the provided marking criteria.
Consolidate
Students consolidate their understanding of the structures and roles of somatic and gametic cells by identifying whether key statements relate to somatic cells, gametic cells or both. Students independently justify their selections using their understanding in a written sentence.
	

	Cell division
Account for the phases of gap 1 (G1), synthesis, gap 2 (G2) and mitosis in the cell cycle
Conduct a practical investigation to model the named phases of mitosis and cytokinesis
Conducting scientific investigations
Apply safe work practices and manage risks while conducting a scientific investigation
Problem solving
Use modelling and cause-and-effect relationships, including mathematical examples, to make predictions, explain phenomena and solve problems
	[bookmark: _Toc243046512]4.5 Mitosis – practical investigation (approximately 2 hours)
Activate
Activate students’ prior knowledge about somatic cells and the need for DNA replication before cell division by having students respond independently to given questions, then facilitating a class discussion to check their understanding. 
Connect this to students’ new learning about the cell cycle and the cell division process of mitosis.
Core learning
The cell cycle
Explain that somatic cells do not divide continuously but instead follow a tightly regulated cycle of growth, DNA replication and division. 
Model a think-aloud to teach students about the cell cycle, including interphase, comprising gap 1 (G1), synthesis (S), gap 2 (G2) and mitosis (M), and model how to respond to questions and annotate a cell cycle diagram, explaining each phase and its importance.
Check students’ understanding of the cell cycle and its importance by providing a matching activity. Ask students to match the phase name to the description of what occurs in that phase.
Mitosis and cytokinesis
Define ‘mitosis’ and review its importance.
Use the Cell Division: Mitosis and Meiosis simulation (use only the mitosis simulation) to model, through a think-aloud, annotating a mitosis diagram by describing the role and importance of interphase, the named phases of mitosis (prophase, metaphase, anaphase and telophase) and cytokinesis.
Check students’ understanding of interphase, the named phases of mitosis and cytokinesis by providing a multiple-choice question.
Modelling the phases of mitosis and cytokinesis
Guide students to conduct a practical investigation in pairs, observing a prepared garlic root tip slide (a model of the stages of mitosis and cytokinesis) to identify each phase of mitosis and the final products. 
Students independently draw a scientific cell diagram or photograph each phase, then use their observations and knowledge of mitosis to describe what is occurring at each stage.
Model, through a think-aloud, how to respond to questions about the mitosis model, including its strengths and limitations, and how using the slides alongside the simulation builds a more complete understanding than either resource alone.
Differentiation: extend students by having them count the number of cells in each of the following phases: interphase, prophase, metaphase, anaphase and telophase, then calculate the percentage of cells in each phase and record the results in a table. Ask students to identify the most frequent phase observed in the sample and explain how the proportion of cells in each phase can provide evidence about the relative length of time spent in that phase.
Consolidate
Consolidate students’ understanding through a structured written response based on a scenario involving tissue repair in a fractured bone. Students must independently explain why both DNA replication and mitosis are essential for producing new somatic cells that function correctly.
	

	Cell division
Describe the processes of crossing over, independent assortment and random segregation during meiosis
Conduct a practical investigation to model the named phases of meiosis and cytokinesis
Conducting scientific investigations
Apply safe work practices and manage risks while conducting a scientific investigation
Problem solving
Use modelling and cause-and-effect relationships, including mathematical examples, to make predictions, explain phenomena and solve problems
	[bookmark: _Toc243046513]4.6 Meiosis – practical investigation (approximately 2 hours)
Activate
Activate students’ prior knowledge of mitosis and the cell cycle by displaying a prompt and cold calling students to respond.
Connect this to new learning by introducing meiosis as a different type of cell division that produces a different cell type and outcome.
Core learning
Processes in meiosis and cytokinesis
Define ‘meiosis’ and explain its importance. Model, through a think-aloud, how to annotate a diagram to describe the process of meiosis and cytokinesis and the processes within meiosis (crossing over, independent assortment and random segregation) one component at a time using the Meiosis in Animal cells – LabXchange simulation displayed on the board.
Demonstrate how to respond to questions as each section of the simulation is unpacked to describe ‘meiosis’, ‘cytokinesis’, the processes within meiosis and the importance of meiosis.
Differentiation: extend students by having them conduct a secondary-source investigation about errors that can occur in the phases of meiosis and explain the possible applications of these errors in biotechnology.
Check students’ understanding of interphase, the named phases of meiosis and cytokinesis by providing a multiple-choice question.
Modelling the phases of meiosis and cytokinesis
Have students conduct a practical investigation in pairs, observing prepared meiosis slides (acting as models of meiosis) to identify each phase of meiosis I and II and the final products. Students independently draw a scientific cell diagram or photograph each phase, then use their observations and knowledge of meiosis to describe what is occurring at each stage.
Through guided practice, work with students to complete the questions on using prepared slides as a model of meiosis, including the model’s strengths and limitations, and how using the slides alongside the simulation builds a more complete understanding than either resource alone.
Consolidate
Consolidate students’ understanding of meiosis and the processes within meiosis by displaying the consolidation activity and having students think-pair-share. 
In the share component, guide a class discussion using the sample responses to check students’ understanding of the phases of meiosis, crossing over, independent assortment, random segregation and the importance of meiosis.
	

	Cell division
Evaluate the importance of DNA replication, mitosis, meiosis and cytokinesis in cell division 
Processing data and information
Select qualitative and quantitative information from texts, diagrams, flow charts, tables, databases, graphs and multimedia resources
	[bookmark: _Toc243046514]4.7 The importance of the processes in cell division – secondary-source investigation (approximately 1 hour)
Activate
Activate students' prior knowledge of DNA replication, mitosis, meiosis and cytokinesis by having students draw a rough table in their books and independently complete each row with information about what happens in each process and why it is important.
Guide a structured class discussion using the provided prompts to retrieve key concepts, address misconceptions and connect prior knowledge to new learning about the importance of processes in cell division.
Core learning
Why are the processes of cell division important?
Provide students with a text about the importance of DNA replication, mitosis, meiosis and cytokinesis in cell division. Review how to extract and summarise key points to respond to comprehension questions.
Students independently engage with the text, highlighting key points and summarising them to answer comprehension questions about the importance of DNA replication, mitosis, meiosis and cytokinesis in cell division.
Check students’ understanding of the processes and their importance in cell division by providing a range of true-or-false statements. Students need to justify why the false statements are incorrect.
Evaluating processes in cell division
Inform students that they will now bring together their knowledge from this lesson sequence and previous ones to evaluate the importance of DNA replication, mitosis, meiosis and cytokinesis in cell division.
Define the key word ‘evaluate’ and provide a scaffold to structure their response, including sentence starters. Model, through a think-aloud, how to complete the scaffold to draft a response. Model how to move from the completed scaffold to a logical and concise evaluation response.
Consolidate
Consolidate students’ understanding of the importance of processes in cell division by having students work in pairs to evaluate a claim made by a biology student about the relative importance of cytokinesis in cell division.
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Tier 3 words are those that are relevant for subject-specific content. The Guide for planning and implementing explicit vocabulary instruction can be used by teachers across all curriculum areas.
Table 6 – glossary of key terms for Cells as the basis of life
	Term
	Definition

	Accuracy
	The extent to which measurements are considered to be close to the true value (NESA 2025).

	Active site
	The region of the enzyme to which the substrate molecule attaches. This is specific to a certain substrate.

	Active transport
	The process of transporting molecules or ions across a cell membrane from a region of lower concentration to a region of higher concentration using energy (NESA 2025).

	Adenosine triphosphate (ATP)
	The primary energy-carrying molecule used by all living cells to fuel various processes. When a cell needs energy, it breaks down ATP to release that energy.

	Amino acid
	An organic molecule that is the building block for proteins.

	Antiparallel (DNA strands)
	The 2 DNA strands run in opposite directions, with one strand oriented opposite to the other.

	Biochemical process
	A series of chemical reactions that happen in the cells of living organisms to sustain life, including metabolism, growth, repair and responses to the organisms’ environment.

	Capsule
	A distinct outer layer that surrounds some prokaryotic cells. It is made up of carbohydrates (polysaccharides) and forms a thick, sticky layer outside the cell wall.

	Carbon dioxide
	A colourless, odourless and non-flammable gas that is essential for photosynthesis in plants, and a significant greenhouse gas that traps heat. It is produced by cellular respiration, combustion, and organic decomposition.

	Cell specialisation
	The process by which cells develop different structures and functions to perform specific jobs in an organism.

	Cellular respiration
	The process by which a living organism or cells break down organic molecules to release energy. Cellular respiration can be aerobic (with oxygen) or anaerobic (without oxygen) (NESA 2025).

	Complementary base pairs
	Specific matching pairs of nitrogenous bases in DNA where adenine (A) pairs with thymine (T) and cytosine (C) pairs with guanine (G).

	Concentration gradient
	A concentration gradient is the difference in the amount (concentration) of a substance between 2 areas.

	Controlled variable
	A variable that is kept constant (or changed in constant ways) during an investigation. For example, the same amount of water would be a controlled variable in an investigation comparing solubility (NESA 2025).

	Crenation
	When an animal cell loses water, it shrinks and shrivels. This shape change is called crenation. For example, when a red blood cell is placed in a hypertonic solution, it loses water to the surrounding environment and shrinks.

	Cytokinesis
	The process following mitotic and meiotic division in which the cytoplasm divides, separating into daughter cells (NESA 2025).

	Dependent variable
	The factor in an experiment that changes in response to changes to the independent variable (NESA 2025).

	Diffusion
	The movement of particles that occurs from regions of higher concentration to regions of lower concentration.

	Diploid
	Refers to 2 complete sets of chromosomes in an organism’s cells, with each parent contributing a chromosome to each pair (NHGRI 2026).

	DNA
	Deoxyribonucleic acid (DNA) is a molecule found in cells that carries the genetic instructions for the development, functioning, growth, and reproduction of all living organisms including viruses (NESA 2025).

	DNA replication
	The process by which DNA makes an identical copy of itself before cell division.

	Endocytosis
	The process by which material is ingested into a cell by the folding of the cell membrane to form a vesicle (NESA 2025).

	Enzyme
	A biological catalyst that increases the rate of a chemical reaction (NESA 2025).

	Enzyme-substrate specificity
	An enzyme's ability to selectively recognise, attach to, and catalyse a reaction with a specific substrate.

	Eukaryotic cell
	A cell which has DNA in its clearly defined nucleus and also contains membrane-bound organelles (NESA 2025).

	Exocytosis
	The process of expelling unwanted molecules from a cell through the cell membrane to the outside space by vesicles (NESA 2025).

	Experimental control
	The sample in an experiment that does not receive the independent variable (NESA 2025).

	Flaccid
	A state where a plant cell has lost water by osmosis and has reduced turgor pressure, making the cell soft and limp because the cell wall does not fully support it.

	Flagellum
	A long, thin, whip-like structure that extends from the surface of some cells. It helps with movement by rotating or beating to propel the cell through a liquid environment, for example, a sperm cell moving through the female reproductive tract and bacteria moving through water or other fluids.

	Fluid mosaic model
	A model used to describe the structure and function of the cell membrane (NESA 2025).

	Gametic cell/Gamete
	A specialised haploid reproductive cell (sperm in males, ovum/egg in females) containing only one set of chromosomes (NHGRI 2026b).

	Glucose
	A simple sugar that serves as the primary source of energy for organisms.

	Haploid
	Refers to cells, nuclei, or organisms that contain a single set of chromosomes (n), which is half the number found in diploid (2n) somatic cells (NHGRI 2026c).

	Hazard
	A source that poses a potential risk of harm or injury (NESA 2025).

	Hydrogen bond (DNA)
	A weak bond that holds complementary nitrogenous bases together between the 2 DNA strands.

	Hydrophilic
	A substance that attracts water molecules (water-loving) and can easily dissolve in water because of its polarity. 

	Hydrophobic
	A substance that repels water (water-fearing) and does not mix or dissolve well in water because it is non-polar.

	Hypertonic
	Denoting a solution that has a higher concentration of solutes compared to another solution (NESA 2025).

	Hypotonic
	Denoting a solution that has a lower concentration of solutes compared to another solution (NESA 2025).

	Independent variable
	The variable that is deliberately changed, often through a series of pre-set values (NESA 2025).

	Ion
	An atom or a molecule that has a net electrical charge, which can be either positive or negative.

	Isotonic
	A solution which has the same concentration of solutes as another solution (NESA 2025).

	Lagging strand
	The new DNA strand that is synthesised in short sections away from the replication fork because DNA polymerase can only work in one direction.

	Leading strand
	The new DNA strand that is synthesised continuously in the same direction as the replication fork.

	Lysis
	Bursting of a cell, usually caused by the movement of water into the cell by osmosis, resulting in the rupturing of the cell membrane. It is commonly seen in animal cells.

	Magnification
	The process of making an object appear larger than its actual size. It is usually expressed as how many times an image is enlarged compared to the real object.

	Mean
	The sum of values in a dataset divided by the total number of values in the dataset. Also called the average (NESA 2025).

	Meiosis
	A cell division process that halves the chromosome numbers to become haploid and results in gametes (NESA 2025).

	Mitosis
	The process that takes place as part of the cell cycle in which cellular division takes place, resulting in 2 genetically identical daughter cells (NESA 2025).

	Nitrogenous base
	The part of a nucleotide that contains genetic information and pairs specifically with another base. In DNA, the bases are adenine, thymine, cytosine and guanine.

	Nucleoid
	A region in a prokaryotic cell where genetic material (DNA) is located. This region is not enclosed by a membrane.

	Nucleotide
	The repeating building block of DNA, made of a phosphate group, deoxyribose sugar and nitrogenous base.

	Outlier
	A data value that appears to stand out from the other members of the dataset by being unusually high or low (NESA 2025).

	Osmoregulation
	The process by which organisms maintain the balance of water and dissolved solutes in their bodies to maintain stable internal conditions.

	Osmosis
	The movement of water molecules across a semipermeable membrane from regions of higher concentration (lower solute concentration) to regions of lower concentration (higher solute concentration); this process does not require energy.

	Oxygen (gas)
	A colourless, odourless gas that is essential for cellular respiration in organisms.

	Passive transport
	The movement of substances from a region of higher concentration to one of lower concentration across a cell membrane that occurs down the concentration gradient and does not require cellular energy (ATP).

	Pattern
	A pattern is made up of a number of elements that repeat or follow a rule (NESA 2025).

	Percentage error
	The absolute error of a measurement expressed as a percentage of the recorded measurement (NESA 2025).

	Photosynthesis
	A chemical process that uses sunlight and chlorophyll to convert carbon dioxide and water into glucose, oxygen and water (NESA 2025).

	Plasmid
	A small, circular DNA molecule found in the cytoplasm of many bacteria. Plasmids are separate from the main bacterial chromosome and often carry genes that provide advantages, such as antibiotic resistance.

	Plasmolysis
	The process in which a plant cell loses water by osmosis in a hypertonic solution, causing the cell membrane to pull away from the cell wall.

	Precision
	The extent to which repeated measurements of the same item are close to each other (NESA 2025).

	Prediction
	A statement or estimate about what will happen in the future, often based on available evidence, past experiences or statistical analysis (NESA 2025).

	Product
	The new substances that are formed as a result of a chemical reaction, created when reactants change to break or rearrange their chemical bonds.

	Prokaryotic cell
	A simple, single-celled organism containing single-strand DNA and without a distinct nucleus or membrane-bound organelles (NESA 2025).

	Protein
	A large molecule made up of polypeptide chains found within cells (NESA 2025).

	Qualitative
	To use descriptive explanations involving features, characteristics or properties to identify important components. Data and information that is not numerical in nature (NESA 2025).

	Quantitative 
	Data or components that can be expressed or measured numerically, including chemical formulae or numbers (NESA 2025).

	Random segregation
	The separation of allele pairs by chance during the formation of gametes (NESA 2025).

	Reactant
	The starting substances in a chemical reaction that change to form new materials, known as products.

	Reliability
	An extent to which repeated observations and/or measurements taken under identical circumstances will yield similar results (NESA 2025).

	Replication fork
	The Y-shaped region formed by the unwinding and partial separation of the DNA double helix during replication (NESA 2025).

	Resolution
	The ability of a microscope to distinguish 2 closely spaced points as separate, producing a clear and detailed image. Higher resolution allows finer details to be seen.

	Somatic cell
	Any body cell that is not involved in reproduction. Somatic cells are diploid cells that make up the tissues and organs of an organism and are responsible for growth, repair, and normal body functioning.

	Specialised cell
	Cells that are specialised (differentiated) to perform a specific role in the body. For example, red blood cells are biconcave disc-shaped cells that lack a nucleus to maximise space for haemoglobin, allowing them to carry oxygen throughout the body efficiently.

	Substrate
	The specific reactant molecule upon which an enzyme acts.

	Sugar-phosphate backbone
	The outer structure of DNA, made of alternating sugar and phosphate molecules that support and protect the nitrogenous bases.

	Template strand
	An original DNA strand that is used as a guide to build a new complementary strand during DNA replication.

	Tonicity
	The relative concentration of solutes in a solution compared with the inside of a cell, which determines the direction of water movement across a selectively permeable membrane by osmosis.

	Trend
	A general direction or pattern in data or observations that shows how something changes over time or under different conditions (NESA 2025).

	Turgid
	A state of a plant cell where the cell is firm and swollen after gaining water by osmosis. Water inside the cell creates turgor pressure, which presses the cell membrane against the cell wall and helps support the plant.

	Validity
	The extent to which the processes and resultant data measure what was intended (NESA 2025).

	Water
	A transparent and nearly colourless chemical substance made of hydrogen and oxygen. It is essential for life.
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