
Biology Year 11 – Cells as the basis of life
Teacher resource book 1 of 4 – Cell structures and functions
Creation date: 10 July 2026



Contents
Overview	3
1.1 Prokaryotic and eukaryotic cells	4
Lesson sequence instructions	4
Student resource – prokaryotic and eukaryotic cells	15
Student resource – prokaryotic and eukaryotic cells questions	19
Student resource – compare prokaryotic and eukaryotic cells	21
Student resource – deconstructing a question	26
Student resource – sorting cards	31
Teaching advice	33
1.2 Preparing and observing a wet mount slide (practical investigation)	38
Lesson sequence instructions	38
Student resource – cells and microscopes	47
Student resource – parts of a microscope	49
Student resource – how to use a microscope	51
Student resource – preparing a wet mount slide using onion skin	52
Student resource – drawing cell diagrams of organisms	55
Student resource – diagrams of onion cells under different magnifications	57
Student resource – preparing a wet mount reflection	59
Teaching advice	63
1.3 Structure and function of prokaryotic cells	67
Lesson sequence instructions	67
Student resource – prokaryotic cell structure and function	74
Student resource – deconstructing a question	79
Student resource – structure and function of prokaryotic cells	84
Student resource – prokaryotic cell crossword	88
Teaching advice	91
1.4 Structure and function of eukaryotic cells	94
Lesson sequence instructions	94
Student resource – eukaryotic cell structure and function	99
Student resource – eukaryotic cell organelles	107
Teaching advice	111
1.5 Plant and animal cells	115
Lesson sequence instructions	115
Student resource – plant and animal cells	121
Student resource – compare plant and animal cells	123
Student resource – comparison of cell structure and function	125
Student resource – using a table to compare plant and animal cells	128
Teaching advice	130
1.6 Calculating the size of a variety of specialised cells (practical investigation)	133
Lesson sequence instructions	134
Student resource – calculating the diameter of field of view	143
Student resource – calculating the size of a specialised cell	145
Student resource – analysing the experiment	153
Student resource – drawing scale diagrams of cells	158
Teaching advice	163
1.7 Understanding cell structure and function	166
Consolidate	172
Student resource – using a microscope to observe cells	174
Student resource – understanding cells through technology	176
Student resource – scaffold for assess	180
Teaching advice	182
Evidence base	185

[bookmark: _Toc128649914][bookmark: _Toc141426379][bookmark: _Toc143504798]

[bookmark: _Toc223937737][bookmark: _Toc242881325]Overview
Year and learning area: Year 11 Biology
Description: this resource complements the Cells as the basis of life program of learning. It serves as a teacher reference, offering practical strategies and ideas to enrich teaching practices and create engaging learning environments. Adapt the activities to suit students' needs.
Duration: timing will vary based on the mode of delivery, differentiation strategies employed and class or school context; however this series of activities should take approximately 10 hours.
Risk management: teachers are advised to undertake a risk assessment before conducting any classroom investigation or experiment. For more information on developing risk assessments, refer to Risk Assessment – a pre-requisite for risk control and WHS Risk assessment template.
[bookmark: _Toc223937738]This resource book elaborates on many of the activities in the Cells as the basis of life sample program of learning. Some activities also reference the Cells as the basis of life slide decks throughout this document. The resource package is available on the Biology 11–12 web page.


[bookmark: _1.1_Prokaryotic_and][bookmark: _Toc226711491][bookmark: _Ref235710083][bookmark: _Toc242881326]1.1 Prokaryotic and eukaryotic cells
Students explore the cellular structure of prokaryotic and eukaryotic cells so they can compare them.
Table 1 – learning intentions and success criteria
	[bookmark: _Toc128649917][bookmark: _Toc141426382]We are learning:
	I can:

	to distinguish between cellular structures in different cell types
	define the terms ‘prokaryotic cell’ and ‘eukaryotic cell’
identify and compare the cellular structures found in eukaryotic and prokaryotic cells

	to communicate understanding using scientific language and terminology.
	construct a written response to an examination-style question based on comparison of features of prokaryotic and eukaryotic cells
use appropriate connectives/cohesive devices to create cohesion in a response
use correct and precise scientific terminology to compare features of prokaryotic and eukaryotic cells.


[bookmark: _Toc223937739][bookmark: _Toc242881327]Lesson sequence instructions
Activate
Activate students’ prior knowledge about cells and cell theory by displaying slide 1.1 PPT ‘Cells and cell theory (1 of 2)’. 
Ask students to decide whether each statement is true or false. Students may use mini whiteboards to record and display their responses, allowing a quick whole-class check of understanding. The list of statements with correct responses is given in Table 2 below and on slide 1.1 PPT ‘Cells and cell theory (2 of 2)’.
For students who have difficulty recalling foundational concepts, refer to activities in the Year 7 focus area, Cells and classification to reinforce key ideas.
Note: further guidance on how teachers use student response systems, such as mini whiteboards, to conduct regular, low-stakes checks of every student’s understanding is available on Checking for understanding – response systems.
[bookmark: _Ref240985925]Table 2 – sample responses for the activate activity
	Statement
	True or false

	The cell is the basic unit of life.
	True

	All cells have the same size and shape.
	False

	Cells only form from pre-existing cells.
	True

	Some organisms consist of only one cell.
	True

	Bacteria are not made up of cells.
	False

	All cells contain cytoplasm and a nucleus.
	False

	All living things are made up of one or more cells.
	True

	All cells have a cell membrane.
	True

	Bacterial cells are smaller and simpler than plant and animal cells.
	True

	Plant cells have chloroplasts.
	True


Core learning
Features of prokaryotic and eukaryotic cells
1. Define prokaryotic and eukaryotic cells using slide 1.1 PPT ‘Defining key terms’. Using the labelled diagrams of the prokaryotic and eukaryotic cell on the slide, inform students of the following:
Cells can be categorised into 2 main types based on their complexity and presence or absence of membrane-bound structures.
Prokaryotic cells are generally smaller and structurally simpler, lacking a nuclear envelope and membrane-bound organelles. In contrast, eukaryotic cells have a nuclear envelope that separates the genetic material from the cytoplasm.
Eukaryotic cells are larger and structurally more complex, containing a variety of cytoplasmic organelles (subcellular structures that have specific functions to carry out life processes). In contrast prokaryotic cells lack these structures. They carry out essential life processes using their plasma membrane, cytoplasm, ribosomes and other non-membrane bound structures.
Ribosomes are present in both prokaryotic and eukaryotic cells. In eukaryotic cells, ribosomes are often attached to rough endoplasmic reticulum. In prokaryotic cells, ribosomes are found freely in the cytoplasm, and these cells lack a cytoskeleton and membrane-bound organelles.
Display the electron micrographs of Escherichia coli (E. coli) bacteria (prokaryotic cell) and a chondrocyte, which is a cartilage cell (eukaryotic cell) in slide 1.1 PPT ‘Prokaryotic and eukaryotic cells’.
Ask students to observe both images and guide the discussion on differences in size and complexity. Reinforce that both cell types have common features, including a plasma membrane and cytoplasm but they differ significantly in their internal organisation. The E. coli cell is smaller and structurally simpler, with its DNA located in a nucleoid region while the chondrocyte is larger and more structurally complex, with its DNA enclosed within a membrane-bound nucleus.
Display slide 1.1 PPT ‘Cell size comparison’ to help students visualise the differences in the size of prokaryotic and eukaryotic cells. Use the information in the teacher notes to help students understand the scale and size range of biological structures, including molecules, viruses, prokaryotic cells, yeast cells, eukaryotic cells and mycelium. Emphasise size comparisons (from nanometres to micrometres) and highlight how structural complexity generally increases with cell size.
Provide students with the Student resource – prokaryotic and eukaryotic cells. Present students with a range of diagrams, images or microscope slides of prokaryotic and eukaryotic cells using 1.1 PPT ‘Prokaryotic and eukaryotic cells’ (3 slides).
Demonstrate to students the observable features of prokaryotic and eukaryotic cells using slide 1.1 PPT ‘Prokaryotic and eukaryotic cells (1 of 3)’ and Table 1 of the Student resource – prokaryotic and eukaryotic cells. Each slide also includes speaker notes to support the discussion.
Using slide 1.1 PPT ‘Prokaryotic and eukaryotic cells (2 of 3)’, demonstrate how to observe and interpret images of prokaryotic cells. Explain observable features including cell size, cell membrane, cell wall, cytoplasm and location of genetic material. 
Guide students to examine the images of eukaryotic cells using slide 1.1 PPT ‘Prokaryotic and eukaryotic cells (3 of 3)’. Support students in explaining the observable features in plant and animal cells including cell size, cell membrane, cell wall, cytoplasm, nucleus and other membrane-bound organelles. 
Guide a discussion on how observations can be used to distinguish between prokaryotic and eukaryotic cells. Ask students to complete Table 2 independently in the Student resource – prokaryotic and eukaryotic cells. Sample responses have been given in Sample response – student resource – prokaryotic and eukaryotic cells.
Differentiation: challenge high-potential students by asking them to evaluate the usefulness of the evidence provided in Table 1 for classifying the cells as prokaryotic or eukaryotic.
Discuss responses to Table 2 as a class. Highlight major similarities such as the presence of cytoplasm, cell membrane and genetic material, as well as the differences including the presence or absence of a nucleus, range of organelles observed and differences in cell size and the organisational complexity. Explain that prokaryotic cells are generally smaller and structurally less complex while eukaryotic cells contain specialised cell organelles each with a specific function. These organelles work together in a coordinated manner, allowing the cell to carry out complex cellular processes efficiently.
Check students’ understanding of the key features of prokaryotic and eukaryotic cells using Check for understanding 1 (1.1 PPT).
Provide students with the Student resource – prokaryotic and eukaryotic cells questions.
Guide students to complete questions 1–3 of the Student resource – prokaryotic and eukaryotic cells questions. Sample responses have been given in Sample response – student resource – prokaryotic and eukaryotic cells questions to facilitate delivery.
Use slide 1.1 PPT ‘Genetic material in prokaryotic and eukaryotic cells’ to demonstrate to students the genetic material in prokaryotic and eukaryotic cells, including the differences between them. Work with students to complete question 4 in the student resource. A sample response has been provided in Sample response – student resource – prokaryotic and eukaryotic cells questions. Discuss the following points:
Both prokaryotic and eukaryotic cells contain DNA as their genetic material, which stores the information required for cell function and protein production. In both cell types, DNA is made of nucleotides containing the same 4 bases, adenine, thymine, cytosine and guanine, and follows complementary base-pairing rules. In both cell types, DNA can be replicated before cell division and contains information used for protein production. DNA mutations can occur in both prokaryotic and eukaryotic cells.
In prokaryotic cells, genetic material is located in an irregularly shaped region called the nucleoid. Unlike the nucleus, the nucleoid is not a membrane-bound organelle and lacks a nuclear membrane; it is simply a region within the cytoplasm where DNA is concentrated. The genetic material typically consists of a single, double-stranded circular chromosome that is compacted by folding and supercoiling. Bacterial DNA is not associated with true histone proteins, although other DNA-binding proteins organise it. In addition, many prokaryotic cells contain small, circular rings of double-stranded DNA called a plasmid, which can move between cells. Scientists use plasmids in genetic engineering to clone, transfer and manipulate genes. Students will learn more about this in the Year 12 Biotechnology focus area.
Plasmid DNA should not be confused with chromosomal DNA. Naturally occurring plasmids generally contain genes involved in secondary metabolism: they are not essential for normal functions but can enhance survival when environmental conditions change and provide metabolic plasticity. Some bacteria, such as Vibrio cholerae, can have more than one chromosome.
In eukaryotic cells, the nucleus contains the genetic material. This material consists of multiple linear, double-stranded DNA molecules organised into structures called chromosomes. DNA is tightly packaged by wrapping around histone proteins to form nucleosomes, the basic units of chromatin. Histones compact long DNA molecules, so they fit inside the nucleus and help regulate gene expression by controlling DNA accessibility. During cell division, chromatin condenses further to form visible chromosomes.
Comparing prokaryotic and eukaryotic cells
1. Provide students with the Student resource – compare prokaryotic and eukaryotic cells.
1. Introduce Venn diagrams (use slide 1.1 PPT ‘Double Venn diagram for comparison’), as a visual tool used to organise and compare information.
Note: if students are familiar with Venn diagrams and how to use them, this slide may not be required.
Show the Prokaryotic Vs. Eukaryotic Cells (3:44) YouTube video. This is also displayed on slide 1.1 PPT ‘Prokaryotic and eukaryotic cells comparison’.
Model the thinking needed, jointly construct or have students independently extract information from the video to complete the Venn diagram, noting any similarities and differences between prokaryotic and eukaryotic cells. A sample response has been provided in slide 1.1 PPT ‘Venn diagram – prokaryotic and eukaryotic cell’ and in the Sample response – student resource – compare prokaryotic and eukaryotic cells.
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 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.
Check students’ understanding of the similarities and differences between prokaryotic and eukaryotic cell structures using Check for understanding 2 (1.1 PPT).
Constructing a response to ‘compare’ question
Teach students how to respond to a ‘compare’ question by using a gradual release of responsibility (I do, we do, you do).
1. Begin by defining the verb ‘compare’ using slide 1.1 PPT ‘Unpacking the verb ‘compare’, highlighting that it means to show how the compared items are similar or different. Emphasise that a thorough comparison requires attention to both aspects, not just one. Reinforce that Venn diagrams are an effective way to structure and present this kind of thinking clearly.
Use slide 1.1 PPT ‘Unpacking the VCFS strategy’ to model the steps needed to use the Verb, Content, Focus, Singular (VCFS) strategy. A worked example of this strategy to deconstruct a question has been provided in slide 1.1 PPT ‘Annotated example of VCFS’. This strategy helps students understand what the question is asking and helps them plan their response. Introduce students to Table 1 in their Student resource – deconstructing a question, which outlines the VCFS strategy for deconstructing exam-style questions and planning a response. There is supporting information on the slide 1.1 PPT ‘Unpacking the VCFS strategy’.
Use the VCFS strategy and the sample annotations to model the thinking needed for students on determining if and how the provided example has been appropriately deconstructed (see slide 1.1 PPT ‘Annotated example of VCFS’). Remind students to compare features that are ‘like for like’. For example, plant cells contain large vacuoles, whereas animal cells contain small vacuoles. Another example is that plant cells have a cell wall and chloroplasts, while animal cells do not.
Display slide 1.1 PPT ‘Compare question’. Students use the VCFS strategy to deconstruct the question in the Student resource – deconstructing a question. Guide students to use the points below to plan their response.
First, look at the verb(s). Compare means to show how things are similar or different (NESA n.d.). Explain that, to demonstrate thorough understanding of the concept, students need to provide both similarities and differences.
The content identified is prokaryotic cells and eukaryotic cells. This means we will need to make statements comparing the similarities and differences between prokaryotic cells and eukaryotic cells.
The focus is cellular structures. This means we are examining cellular structures in both prokaryotic and eukaryotic cells, including the nucleus and nucleoid.
The words (structures, cells, similarities and differences) given in the question are plural. For example, the use of ‘and’ between prokaryotic cells and eukaryotic cells and the use of an ‘s’ after cell indicate you must talk about both types of cells in your response. The question also specifies that you should provide 2 similarities and 2 differences.
Model the steps needed when planning to write the response, taking into consideration the points above.
Identify structures that can be compared between prokaryotic cells and eukaryotic cells.
Determine the similarities between prokaryotic and eukaryotic cells, and the differences between prokaryotic and eukaryotic cells (Students need to identify 2 similarities and 2 differences as specified in the question).
Write a statement for each that outlines the similarity/difference. Remind students to compare ‘like-for-like’.
Move to guided practice by deconstructing ‘Sample response 1’ as a class against the marking criteria on slide 1.1 PPT ‘Compare question marking criteria’ (in the Student resource – deconstructing a question and slide 1.1 PPT ‘Sample response 1’). Students annotate how the response does and does not meet the criteria. Highlight where connectives (cohesive words) have been used to indicate a similarity or difference, and in a different colour, annotate the use of correct and precise scientific terminology (teacher annotated samples are in the slide 1.1 PPT ‘Response 1 annotated’).
Deconstruct Sample response 2 as a class against the marking criteria, annotating how the response does and does not meet the criteria (see slide 1.1 PPT ‘Sample response 2’). Highlight where cohesive words have been used to indicate a similarity or difference, and in a different colour, annotate the use of correct and precise scientific terminology. A sample response is provided in slide 1.1 PPT ‘Sample response 2 annotated’.
Display slide 1.1 PPT ‘Improving written responses’ to provide students with a list of connectives (cohesive words) for comparing and a list of scientific terminology. Provide independent practice by asking students to draft Jointly constructan improved response using the feedback from Sample response 2; this should be like Sample response 1. Highlight where connectives (cohesive words) and correct and precise scientific terminology have been used.
Consolidate
Conduct a sorting activity to reinforce students’ understanding of the similarities and differences between prokaryotic and eukaryotic cells through classification and reasoning. Students will demonstrate their understanding by sorting cellular features as characteristic of prokaryotic cells, eukaryotic cells or both. Students will justify their classifications using their knowledge of cell structures and functions. If students struggle, provide targeted prompts, such as asking them to identify whether the feature is a shared structure or unique to one cell type, and encourage them to refer to a comparison table or labelled cell diagram for support. 
1. In preparation, print out or digitally provide students with the Student resource – sorting cards.
To support smooth facilitation of the activity, the teacher should cut and laminate the cards before the lesson. If that is not possible, students should cut the cards from the student resource and use them for this activity, or the teacher can provide a digital version of the cards.
To facilitate the activity, instruct students to work in pairs or groups of 3.
Ask students to sort the cards into 3 categories – prokaryotic cells, eukaryotic cells or both.
Instruct students to discuss the allocation of each card with their group to justify their decision.
Guide a class discussion using Table 3 to consolidate students’ understanding of the similarities and differences between cellular structures in prokaryotic and eukaryotic cells.
[bookmark: _Ref226710161]Table 3 – allocation and justification of card sorting activity
	Card
	Allocation
	Justification

	Has a nucleus
	Eukaryotic
	Eukaryotic cells have a nucleus that contains their DNA.

	No nucleus
	Prokaryotic
	Prokaryotic cells lack a nucleus.

	Contains mitochondria
	Eukaryotic
	Mitochondria are membrane-bound organelles. Only eukaryotic cells have membrane-bound organelles.

	Contains ribosomes
	Both
	Both cell types contain ribosomes to make proteins. However, their location differs. In prokaryotic cells, ribosomes are free in the cytoplasm; in eukaryotic cells, they are attached to the rough endoplasmic reticulum.

	Has membrane-bound organelles
	Eukaryotic
	Only eukaryotic cells have membrane-bound organelles such as the nucleus and mitochondria. This shows internal compartmentalisation (partitioning a cell’s interior into distinct, specialised compartments by internal membranes), a key feature of eukaryotic cells.

	Lacks membrane-bound organelles
	Prokaryotic
	The lack of internal compartments means the cell is simpler, which is characteristic of prokaryotic cells.

	Human muscle cell
	Eukaryotic
	A human muscle cell contains a nucleus and other membrane-bound organelles which classifies it as eukaryotic.

	Archaea
	Prokaryotic
	Archaea lack a defined nucleus and other membrane-bound organelles, so they are classified as prokaryotes.

	Bacteria
	Prokaryotic
	Bacteria lack a nucleus and membrane-bound organelles, placing them in the prokaryotic group.

	Animal cell
	Eukaryotic
	Animal cells contain a nucleus and other membrane-bound organelles, which classifies them as eukaryotic.

	Plant cell
	Eukaryotic
	Plant cells have a nucleus and other membrane-bound organelles, such as chloroplasts, making them eukaryotic.

	Has a cell membrane
	Both
	All cells need a membrane to control what enters and leaves, so this feature is not unique to one group.

	Some cells may contain plasmids.
	Prokaryotic
	Plasmids are small loops of DNA found in prokaryotes.

	DNA enclosed in a nucleus
	Eukaryotic
	Enclosed DNA is separated from the cytoplasm. This arrangement occurs only in eukaryotic cells.

	DNA is free in the cytoplasm
	Prokaryotic
	Free-floating DNA indicates there is no nucleus, a key feature of prokaryotes.

	May have a cell wall
	Both
	Cell walls exist in bacteria and plant cells, so this feature alone cannot classify the cell type.




[bookmark: _Student_resource_–][bookmark: _Ref225420282][bookmark: _Toc226711493][bookmark: _Toc242881328][bookmark: _Ref225175563][bookmark: _Ref224724515]Student resource – prokaryotic and eukaryotic cells
Instructions: use Table 1 to justify the classification of the cells as prokaryotic or eukaryotic in Table 2.
Table 1 – characteristics of prokaryotic and eukaryotic cells
	Feature
	Prokaryotic cell
	Eukaryotic cell

	Size
	Very small; appears tiny compared to other cells.
	Much larger; clearly visible and often detailed.

	Shape
	Usually simple shapes (rod, sphere, spiral).
	More varied and irregular shapes.

	Nucleus
	No nucleus, DNA in nucleoid region.
	True nucleus surrounded by nuclear membrane.

	Membrane-bound organelles
	No membrane-bound organelles.
	Contains membrane-bound organelles (For example: nucleus, mitochondria, endoplasmic reticulum, Golgi body (apparatus), chloroplast, lysosomes, vacuole).

	Cell membrane
	Enclosed by a cell membrane.
	Enclosed by a cell membrane.

	Cell wall
	Found in many prokaryotes, but not all; most bacteria have a rigid cell wall composed of peptidoglycan.
	Plant cells have a cell wall composed of cellulose while fungi have a cell wall composed of chitin; animal cells do not have a cell wall.


Table 2 – justifying the classification of cells
	Cell
	Cell type
	Provide reasoning to support the classification of cells (use Table 1 to help with doing this).

	Bacterial cell
	Prokaryotic
	

	Cyanobacteria
	Prokaryotic
	

	Animal cell
	Eukaryotic
	

	Plant cell
	Eukaryotic
	


Challenge: evaluate which feature in Table 1 is the most useful and which is the least useful for classifying cells as prokaryotic or eukaryotic. Justify your response using scientific reasoning.
	




[bookmark: _Sample_response_–_1][bookmark: _Ref226706071][bookmark: _Toc226711494]Sample response – student resource – prokaryotic and eukaryotic cells
Table 2 – sample response, justifying the classification of cells
	Cell
	Cell type
	Provide reasoning to support the classification of cells 
(use Table 1 to help with doing this).

	Bacterial cell
	Prokaryotic
	There is no nucleus; the genetic material is freely floating in the nucleoid within the cytoplasm. There is no membrane-bound organelle.

	Cyanobacteria
	Prokaryotic
	There is no nucleus; genetic material is freely floating in the nucleoid within the cytoplasm. There are no membrane-bound organelles.

	Animal cell
	Eukaryotic
	Genetic material is contained in a well-defined nucleus with a nuclear envelope around it. Several membrane-bound organelles, including mitochondria, are visible.

	Plant cell
	Eukaryotic
	Genetic material is contained in a well-defined nucleus with a nuclear envelope around it. Several membrane-bound organelles, including mitochondria and chloroplasts, are visible.


	Challenge:
The presence or absence of a membrane-bound nucleus is the most useful feature because it is the defining characteristic that distinguishes eukaryotic cells from prokaryotic cells. Eukaryotic cells contain a nucleus that encloses their DNA, whereas prokaryotic cells lack a nucleus and instead have their DNA located in a nucleoid region. The presence of membrane-bound organelles is also a highly reliable feature because these organelles are found only in eukaryotic cells.
Cell size and shape are the least useful features because they are not unique to either cell type. Although prokaryotic cells are generally smaller (approximately 0.1–5 µm) than eukaryotic cells (approximately 10–100 µm), there is overlap in size between the 2 groups. Likewise, both prokaryotic and eukaryotic cells exhibit a variety of shapes depending on their structure and function. As a result, size and shape provide only supporting evidence and should not be used alone to classify cells. More reliable classification is based on diagnostic features such as the presence of a membrane-bound nucleus, membrane-bound organelles and DNA organisation.
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[bookmark: _Student_resource_–_1][bookmark: _Toc242881329]Student resource – prokaryotic and eukaryotic cells questions
Instructions: answer the following questions.
1. Write 2 examples each of prokaryotic and eukaryotic organisms.
	


2. Outline 2 similarities and 2 differences between prokaryotic and eukaryotic cells.
	


3. Which type of cell is more complex? Justify your answer.
	


4. Compare the DNA in a prokaryotic and a eukaryotic cell. 
	


[bookmark: _Ref225421050][bookmark: _Ref225513538]


[bookmark: _Sample_response_–][bookmark: _Ref226707164][bookmark: _Toc226711495]Sample response – student resource – prokaryotic and eukaryotic cells questions
1. Write 2 examples each of prokaryotic and eukaryotic organisms.
	Prokaryotic organisms – bacteria (for example, E. coli, Cyanobacteria (blue–green algae)
Eukaryotic organisms – humans, plants


2. Outline 2 similarities and 2 differences between prokaryotic and eukaryotic cells.
	Similarities: both prokaryotic and eukaryotic cells have a cell membrane that controls what enters and leaves the cell. Both contain DNA, which carries instructions for cell functions and reproduction.
Differences: prokaryotic cells lack a nucleus, so genetic material is free in the cytoplasm, whereas eukaryotic cells have a true nucleus that encloses genetic material. Prokaryotic cells do not have membrane-bound organelles, while eukaryotic cells contain membrane-bound organelles like mitochondria and the endoplasmic reticulum.


3. Which type of cell is more complex? Justify your answer.
	Eukaryotic cells are more complex because they contain a nucleus and many specialised organelles that perform specific functions. Specialised organelles provide appropriate environments for specific cellular processes, allowing them to occur under optimal conditions. This compartmentalisation increases the cell’s structural and functional complexity and enables efficient coordination of cellular processes. In contrast, prokaryotic cells are simpler and smaller, with fewer internal structures. Cellular processes occur within the cytoplasm or at the plasma membrane.


4. Compare the DNA in a prokaryotic and a eukaryotic cell.
	DNA carries instructions for cellular function and reproduction in both prokaryotic and eukaryotic cells. In prokaryotic cells, DNA is a single circular molecule located in a nucleoid. In contrast, in eukaryotic cells it is linear, wrapped around histone proteins and organised into chromosomes within a nucleus.



[bookmark: _Student_resource_–_2][bookmark: _Toc242881330]Student resource – compare prokaryotic and eukaryotic cells
Instructions: complete the Venn diagram below to compare prokaryotic and eukaryotic cells.
Figure 1 – Venn diagram comparing prokaryotic and eukaryotic cells
[image: A double Venn diagram.]
Cloze passage for students requiring additional support:
Word bank: circular, cytoplasm, DNA, eukaryotic, flagella, linear, membrane-bound, multicellular, nucleoid, nucleus, organelles, plasma membrane, prokaryotic, ribosomes, simpler, single-celled, smaller, cell wall, simplest.
	There are 2 major types of cells on Earth: ____________________ and ____________________.
Prokaryotic cells are the ____________________ and most ancient type of cell. They are generally ____________________ and have a ____________________ structure than eukaryotic cells.
Unlike eukaryotic cells, prokaryotic cells lack a ____________________ and any ____________________ organelles. However, they do contain ____________________, which are responsible for protein synthesis.
The genetic material (________) of a prokaryotic cell is located in a region called the ____________________, which is not surrounded by a membrane.
Most prokaryotic cells have a ____________________ surrounding the ____________________, and many also possess ____________________ that enable movement.
In contrast, ____________________ cells contain a membrane-bound nucleus and many membrane-bound ____________________. They are generally larger and more complex than prokaryotic cells.
Both prokaryotic and eukaryotic cells contain DNA, ____________________, ____________________, and a plasma membrane.
Prokaryotes are always ____________________, whereas eukaryotes may be unicellular or ____________________.
The DNA of a prokaryotic cell is usually arranged as a single ____________________ chromosome, whereas eukaryotic DNA is organised into ____________________ chromosomes.




[bookmark: _Sample_response_–_2][bookmark: _Ref190935768][bookmark: _Toc226711496]Sample response – student resource – compare prokaryotic and eukaryotic cells
Figure 1 – sample response, Venn diagram comparing prokaryotic and eukaryotic cells
[image: Two-circle Venn diagram compares prokaryotic and eukaryotic cells. Cyan Prokaryotic circle lists small, simple cells lacking nuclei and membrane-bound organelles, magenta Eukaryotic circle lists larger, complex cells with nuclei and multiple linear chromosomes, and overlap identifies shared DNA, plasma membrane, cytoplasm, and ribosomes.]
Cloze passage for students requiring additional support:
Word bank: circular, cytoplasm, DNA, eukaryotic, flagella, linear, membrane-bound, multicellular, nucleoid, nucleus, organelles, plasma membrane, prokaryotic, ribosomes, simpler, single-celled, smaller, cell wall, simplest.
	There are 2 major types of cells on Earth: prokaryotic and eukaryotic.
Prokaryotic cells are the simplest and most ancient type of cell. They are generally smaller and have a simpler structure than eukaryotic cells.
Unlike eukaryotic cells, prokaryotic cells lack a nucleus and any membrane-bound organelles. However, they do contain ribosomes, which are responsible for protein synthesis.
The genetic material (DNA) of a prokaryotic cell is located in a region called the nucleoid, which is not surrounded by a membrane.
Most prokaryotic cells have a cell wall surrounding the plasma membrane, and many also possess flagella that enable movement.
In contrast, eukaryotic cells contain a membrane-bound nucleus and many membrane-bound organelles. They are generally larger and more complex than prokaryotic cells.
Both prokaryotic and eukaryotic cells contain DNA, ribosomes, cytoplasm, and a plasma membrane.
Prokaryotes are always single-celled, whereas eukaryotes may be unicellular or multicellular.
The DNA of a prokaryotic cell is usually arranged as a single circular chromosome, whereas eukaryotic DNA is organised into linear chromosomes.
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[bookmark: _Student_resource_–_14][bookmark: _Toc242881331]Student resource – deconstructing a question
Deconstruct the question below using Table 1. Use highlighters to identify the ‘verb(s), content, focus and singular/plural’ features.
	Compare the cellular structures of eukaryotic and prokaryotic cells. In your response, provide 2 similarities and 2 differences that highlight key features of the cells.


Table 1 – requirements for deconstructing a question using VCFS
	Component
	Criteria

	Verb
	Identify the verb(s) and the requirements of the verb.

	Content
	Identify the content.
Circle and annotate keywords that relate to what you have learnt. Identify the topic/focus area from which it originated.

	Focus
	Outline the focus of the question.
Is it related to a particular context or the stimulus?
Are there relationships (how and why?)

	Singular
	Identify if words are singular or plural.


Planning your response
As a class, plan a response to the deconstructed question.
	


Deconstructing sample responses
[bookmark: _Hlk205987029]Engage with the marking criteria below for the question: ‘Compare the cellular structures of eukaryotic and prokaryotic cells. In your response, provide 2 similarities and 2 differences that highlight key features of the cells.’ You will use it to assess sample responses and improve them.
Table 2 – marking criteria for the question
	Marks
	Criteria

	4
	Compares the cellular structures in prokaryotic and eukaryotic cells, highlighting their similarities and differences.
Constructs a cohesive written response that effectively uses connectives to illustrate comparison and contrast.
Uses correct and precise scientific terminology effectively to provide detail and show understanding of structures in prokaryotic and eukaryotic cells.

	3
	Compares the structures in prokaryotic and eukaryotic cells by providing a similarity and difference(s).
Constructs a written response that includes the effective use of connectives to illustrate comparison and contrast.
Uses correct scientific terminology to provide detail.

	2
	Compares the structures in prokaryotic or eukaryotic cells by providing a similarity or difference.
OR
Outlines features of prokaryotic cells and/or eukaryotic cells.

	1
	Outlines a feature of prokaryotic cells and/or eukaryotic cells.




Deconstruct and annotate the response below.
	Sample response 1:
Prokaryotic and eukaryotic cells are similar because they both have DNA, which controls the cell’s activities, and a cell membrane, which regulates what enters and leaves the cell. Similarly, both cell types have cytoplasm, where chemical reactions occur. However, prokaryotic cells do not have membrane-bound organelles, whereas eukaryotic cells have specialised membrane-bound organelles. Genetic material in eukaryotic cells is contained in a well-defined nucleus, while genetic material in prokaryotic cells floats freely in the region called the nucleoid within the cell. Plant and animal cells are eukaryotic and bacteria are prokaryotic.
	Annotations:



	Sample response 2:
Prokaryotic cells do not have a nucleus or cell organelles. Eukaryotic cells have a nucleus and cell organelles.
	Annotations:


Use cohesive words for comparing and the relevant scientific terminology to recreate sample response 2 in the box below, addressing the feedback you annotated in class. Use the plan you made earlier to help you construct a complete response.
Compare the cellular structures in eukaryotic cells and prokaryotic cells. In your response, provide 2 similarities and 2 differences that highlight key features of the cells.
	


Sample response – student resource – deconstructing a question
Planning your response
As a class, plan a response to the deconstructed question.
	Identify the structures that can be compared between prokaryotic cells and eukaryotic cells.
Determine whether they are similar or different (you will need 2 similarities and 2 differences, as specified in the question).
Write a statement for each that outlines the similarity/difference. Remember, you are comparing ‘like-for-like’.


Deconstructing sample responses
Deconstruct and annotate the response below.
Figure 1 – small sample response 1 annotated
[image: Screenshot of an annotated biology paragraph comparing prokaryotic and eukaryotic cells, highlighting similarities, differences, and scientific terminology. Yellow highlights mark comparison words such as “similar,” “both,” “however,” and “whereas,” while blue text identifies terms including DNA, cell membrane, nucleus, and membrane-bound organelles; a key explains color coding.]
Figure 2 – sample response 2 annotated
[image: Screenshot of annotated sample response explaining differences between prokaryotic and eukaryotic cells, including nuclei and cell organelles. Bold blue terms highlight scientific vocabulary, while a dark-blue note states response lists terminology without demonstrating understanding comparable to sample response 1.]
Use cohesive words for comparing and the relevant scientific terminology to recreate sample response 2 in the box below, addressing the feedback you annotated in class. Use the plan you made earlier to help you construct a complete response.
Compare the cellular structures in eukaryotic cells and prokaryotic cells. In your response, provide 2 similarities and 2 differences that highlight key features of the cells.
	Prokaryotic and eukaryotic cells both contain a cell membrane that controls the movement of substances, cytoplasm where metabolic reactions occur, and DNA that stores genetic information. However, in prokaryotic cells the DNA is located freely in the nucleoid region, whereas in eukaryotic cells it is enclosed within a membrane-bound nucleus. In addition, prokaryotic cells lack membrane-bound organelles, while eukaryotic cells contain specialised organelles, such as mitochondria, that carry out specific functions. Overall, eukaryotic cells are more structurally complex than prokaryotic cells.





[bookmark: _Student_resource_–_4][bookmark: _Ref226709959][bookmark: _Toc226711497][bookmark: _Toc242881332]Student resource – sorting cards
Table 1 – cards to be sorted into prokaryotic or eukaryotic cell
	Has a nucleus
	No nucleus
	Contains mitochondria
	Contains ribosomes

	Has membrane-bound organelles
	Lacks membrane-bound organelles
	DNA is free in the cytoplasm. 
	May have a cell wall 

	Bacteria
	Animal cell
	Plant cell
	Has a cell membrane

	Some cells may contain plasmids.
	DNA enclosed in a nucleus
	Human muscle cell
	Archaea



[bookmark: _Toc226711498][bookmark: _Toc242881333]Teaching advice
Provide students with a range of sources, such as diagrams, videos and microscopic slides to support visualisation of abstract cell structures and to strengthen understanding. Build this understanding through progressive visualisation by starting with clear, labelled diagrams of each cell type, then add complexity with annotated images, short animations or microscope visuals. As you introduce each structure (for example, the nucleus, nucleoid region, organelles), continually prompt students to connect back: ‘Is this present in both prokaryotes and eukaryotes? If not, what’s the equivalent or function?’ This keeps comparison embedded rather than treated as a separate task.
Clearly define the verb ‘compare’ and highlight key comparison words such as whereas, similarly and while. Clarify that it involves identifying both similarities and differences, not merely listing features. Model this thinking aloud using sentence stems such as: ‘Both cell types have …, however …’ or ‘While prokaryotic cells …, eukaryotic cells …’. Display and revisit a bank of comparison language so students can use it consistently in speaking and writing.
Model using structured graphic organisers, such as Venn diagrams and tables, to scaffold thinking. Pose focused guiding questions to help students extract relevant information from each secondary source. Reinforce key terminology, including nucleus, nucleoid region, organelle, cytoplasm and membrane-bound.
Model how to move from these organisers into full written responses so students see the progression from notes to explanation. The use of structured frameworks such as Verb, Content, Focus, Singular (VCFS) bridge the gap between notes and coherent scientific comparisons and explanations. Use joint construction, co-writing paragraphs with students and prompting them to identify the verb, syllabus content, focus points and singular/plural words. Gradually release responsibility by providing word banks of key terminology, connectives and sentence structures to guide their responses.
Use teaching strategies that ensure whole-class active processing and discussion. Examples include think-pair-share activities, mini whiteboards, cold calling and quick oral explanations and feedback. Further guidance on using student response systems, such as mini whiteboards, to conduct regular low-stakes checks of every student’s understanding is available on Checking for understanding – response systems.
Provide further support with scaffolding by providing partially completed comparison tables, sentence starters or word banks for those who need extra support. For more advanced learners, extend the task by asking them to evaluate the reliability of various cellular features for classifying cells as prokaryotic or eukaryotic, identifying which features provide the strongest and weakest evidence and explaining why.
Background information 
This syllabus content serves as a conceptual bridge between foundational cell theory and more advanced topics in molecular biology, genetics, evolution and physiology. It builds on students' understanding that cells are the basic unit of life by introducing the 2 major cell types and highlighting how structural differences relate to functional and complexity differences.
Understanding cell structures and organelles supports learning about processes such as protein synthesis, cellular respiration, photosynthesis and gene expression. It also prepares students to study bacterial reproduction, antibiotic resistance, biotechnology and the role of cells in multicellular organisms.
By identifying features shared by all cells, students recognise the common ancestry of living organisms, while differences between prokaryotic and eukaryotic cells provide evidence of increasing biological complexity over time.
Cells are the basic units of life and are broadly classified into 2 types: prokaryotic and eukaryotic cells.
Prokaryotic cells (for example, bacteria) are simpler and smaller than eukaryotic cells. They lack a nucleus and membrane-bound organelles. Their DNA is circular and located in the cytoplasm within the nucleoid region.
Eukaryotic cells (for example, animal and plant cells) are larger and more complex than prokaryotic cells. They contain a nucleus that encloses DNA and a range of membrane-bound organelles, such as mitochondria and the endoplasmic reticulum, which perform specialised functions.
Understanding the structural differences between these cell types is fundamental to explaining differences in organismal complexity, function and evolution.
Checks for understanding
[bookmark: _Check_for_understanding][bookmark: _Ref224893018]Check for understanding 1 (1.1 PPT)
Check students’ understanding of prokaryotic and eukaryotic cells. Use choral response or cold calling to ask students to justify their classification. Check for student understanding of the features that help identify the cell as prokaryotic or eukaryotic.
Check for understanding 1 sample response
Table 4 – sample response justifying cells identified as prokaryotic or eukaryotic
	Image
	Cell type
	Justification

	[image: Illustration of a bacterium with a purple cell wall and internal structures. The bacterium contains tangled DNA strands and small circular plasmids inside its cytoplasm. There are no labels on the diagram.]
	Prokaryotic
	No nucleus, nucleoid present

	[image: Diagram showing a budding yeast cell with clear nucleus and some internal structures showing. A small bud attached to the parent cell is visible. There are no labels on the diagram.]
	Eukaryotic
	Nucleus present

	[image: Coloured diagram of eukaryotic cell showing nucleus. There are no labels on the diagram.]
	Eukaryotic
	Nucleus present

	[image: Coloured diagram of a bacterial cell with a blue outline showing chromosome and plasmid. There are no labels on the diagram.]
	Prokaryotic
	No nucleus, nucleoid and plasmid present

	[image: Diagram of a yeast cell illustrating key organelles including nucleus, mitochondria, vacuole and ribosomes, each depicted in distinct colors like purple, blue and pink. Similar structures visible in the small bud attached to the parent cell. There are no labels on the diagram.]
	Eukaryotic
	Well-defined nucleus and other membrane-bound organelles present

	[image: Diagram of a bacterial cell showing circular DNA structures inside. Two distinct loops of DNA are depicted in blue and orange within an oval-shaped cell outline with a double-layered membrane. There are no labels on the diagram.]
	Prokaryotic
	Circular DNA and plasmid present


[bookmark: _Ref226709831]This work was generated using BioRender.com. Any copyright subsisting in this work is owned by © State of New South Wales (Department of Education) 2026.
[bookmark: _Check_for_understanding_1][bookmark: _Ref236217336]Check for understanding 2 (1.1 PPT)
Check students’ understanding of structures in prokaryotic and eukaryotic cells using 1.1 PPT ‘Check for understanding 2’ (2 slides). Correct answers are in bold.
1. Which components are present in both prokaryotic and eukaryotic cells?
A. nucleus, plasmid, mitochondria
B. cell membrane, nucleus, cytoplasm
C. cell membrane, cytoplasm, DNA
D. DNA, cell membrane, mitochondria
How does the genetic material in prokaryotic cells differ from that in eukaryotic cells?
A. Prokaryotic cells typically contain a single circular DNA molecule enclosed in the nucleus, whereas eukaryotic cells have multiple linear chromosomes within the cytoplasm. 
B. Prokaryotic cells typically contain multiple linear DNA molecules located in the nucleoid region, whereas eukaryotic cells contain a single circular DNA molecule enclosed within a nucleus.
C. Prokaryotic cells typically contain single circular DNA in the cytoplasm whereas DNA in eukaryotic cells is organised into linear chromosomes within the nucleus.
D. Prokaryotic cells contain DNA that is freely dispersed throughout the cytoplasm, whereas eukaryotic cells contain DNA that can move freely throughout the nucleus.
Reasons for students selecting the incorrect response for question 1 are in Table 5 and for question 2, in Table 6.
[bookmark: _Ref226709556]Table 5 – explanation of the understanding and misconceptions students may have based on their response to question 1
	Response
	Explanation

	A
	Incorrect because the response contains plasmid, which is found in prokaryotic cells only, whereas nucleus and mitochondria are found in eukaryotic cells.

	B
	Incorrect because the nucleus is not found in prokaryotic cells, although they do contain cell membrane and cytoplasm.

	C
	This is the correct response.

	D
	Incorrect because mitochondria are membrane-bound organelles, and prokaryotic cells do not have any membrane-bound organelles.


[bookmark: _Ref226709570]Table 6 – explanation of the understanding and misconceptions students may have based on their response to question 2
	Response
	Explanation

	A
	Incorrect because genetic material in prokaryotic cells typically contains a single circular DNA molecule but it is not enclosed in a nucleus.

	B
	Incorrect because prokaryotic cells have single circular DNA molecule located in the nucleoid region while eukaryotic cells have multiple linear DNA molecules located in the nucleus.

	C
	This is the correct response.

	D
	Incorrect because prokaryotic DNA is not freely dispersed throughout the cytoplasm; it is contained in the nucleoid region. Eukaryotic DNA does not move freely throughout the nucleus. It is organised into chromosomes found in the nucleus.




[bookmark: _1.2_Preparing_and][bookmark: _Ref235774601][bookmark: _Toc242881334][bookmark: _Toc226711500]1.2 Preparing and observing a wet mount slide (practical investigation)
Students will conduct a laboratory experiment to prepare a wet mount slide, observe it under a light microscope and then draw scale diagrams of the observed cells.
Table 7 – learning intentions and success criteria
	We are learning:
	I can:

	to identify the cell structures that enable cell processes
	identify and label key cell structures observed in onion cells

	to conduct a scientific investigation to collect data and information.
	prepare a wet mount slide of onion skin
use a light microscope to observe onion skin wet mount slide
safely and effectively use a light microscope
focus and observe specimens clearly under different magnifications
record observations using scientific diagrams and appropriate terminology.


[bookmark: _Toc242881335]Lesson sequence instructions 
Activate
1. To activate students’ prior knowledge about cell structures and microscopes, provide students with simple diagrams of plant and animal cells from the Student resource – cells and microscopes and ask them to label the key structures in each. 
1. Then present slide 1.2 PPT ‘Plant and animal cells’ and review the answers together as a class. Finally, ask students to raise their hands if they correctly labelled all structures to gauge understanding. For students who struggle to label the structures, revisit the basic cell structures in the plant and animal cells section of Stage 4 Cells and classification focus area.
Note: more information on this student response system can be found on Gesture voting – at the same time, all students demonstrate their understanding by using gestures to indicate an answer.
Display a physical microscope and ask students to identify and name the equipment, prompting them to share what they already know about what a microscope is and what it is used for. 
Have students independently complete a cloze passage using the Student resource – cells and microscopes, focused on the definition of a microscope, its function and different types. Use slide 1.2 PPT ‘Microscopes’ and review the responses together as a class, clarifying key ideas and addressing any misconceptions. Answers to the cloze passage are provided on this slide and in the Sample response – student resource – cells and microscopes.
Core learning
Using a microscope
1. Demonstrate to students the parts of a microscope and what microscopes do using the physical microscope in the classroom and slide 1.2 PPT ‘Parts of a microscope’. Point to each part on the microscope and ask students to identify the part as a class and then individually label each part on the diagram provided in the Student resource – parts of a microscope.
Note: the school microscope may differ from the one depicted in the diagram. When labelling the diagram, ensure it is clear where the parts are on the school microscope.
2. Show slide 1.2 PPT ‘Conducting the investigation safely’ to demonstrate safe work practices, hazards, risks and risk mitigation when working with microscopes. Show students how to hold and carry the microscope to their bench by grasping the microscope arm with one hand and placing the other under the base.
3. Once students have a microscope at their workbench, display 1.2 PPT ‘How to use a microscope’ (9 slides) to guide students through using the microscope. Provide students with a slide mounted with a small piece of newspaper writing. Student resource – how to use a microscope can be provided to students so they have a clear set of steps to follow for future microscope work.
Note: if students are already familiar with using a microscope, they can skip these slides.
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.
1. Define magnification and resolution on slide 1.2 PPT ‘Magnification and resolution’, supported by images of text that appear clear and blurry to illustrate differences in sharpness.
Explain that magnification refers to how much bigger an image appears compared to its actual size. Emphasise that magnification changes size, not necessarily quality; for example, when we zoom in on text, it becomes larger, but not always clearer.
Define resolution as the ability to see detail clearly or to distinguish between 2 points that are close together. Point out that resolution affects clarity and sharpness. For example, high resolution lets us see crisp letter edges, while low resolution makes them look fuzzy.
Direct students to compare the 2 images. Ask which image is easier to read and why. Explain that both images may be the same size (same magnification); the difference is resolution (sharpness/detail), which affects the image's clarity.
Reinforce that magnification makes things bigger, but resolution determines how clear they are. If resolution is low, increasing magnification just makes a bigger blur.
Use slide 1.2 PPT ‘Calculating magnification (Light microscope)’ to model the steps needed for students to calculate total magnification of the image.
Magnification tells us how much larger the image is compared to the actual object. Emphasise that microscopes don’t just zoom in like a camera; they use lenses to enlarge the image.
To calculate total magnification, we multiply the ocular lens magnification by the objective lens magnification. The ocular lens magnification is usually 10x, while the objective lenses can vary, such as 4x, 10x, 40x or 100x.
Walk through the example step by step:
If we use a 10x ocular lens and a 40x objective lens, we multiply them to get the total magnification: 10 x 40 = 400x. This means the image appears 400 times larger than the real object.
We need to multiply the values, not add them. This is a common misconception.
Connect to prior learning by saying, ‘Even though magnification makes the image bigger, it doesn’t always make it clearer; the clarity and sharpness of the image depend on resolution’.
Check students’ understanding of magnification of a light microscope using Check for understanding 1 (1.2 PPT).
Preparing a wet mount slide
Preparing for the activity
Prepare for the practical activity, making a wet mount slide using onion skin. Order the following equipment in advance for each group in the class:
1 x light microscope
2 x clean glass slides
2 x cover slips
1 x forceps and needle
1 x dropper
1 x scalpel or a knife
1 x beaker
1 x 50ml distilled water
paper towel
1 x (0.5%) iodine solution in a dropper bottle (0.5% methylene blue solution could be used if iodine solution is not available)
1 x small piece of onion.
Facilitating the activity
1. [bookmark: _Student_resource_–_12][bookmark: _Student_resource_–_13]Print instructions for the students using Student resource – preparing a wet mount slide using onion skin.
10. Explain the purpose of the investigation, which is to learn how to prepare a wet mount and observe cells under a microscope. Explain how light microscopes create their images, using slide 1.2 PPT ‘Light microscope images’, and highlight that the images are flipped left to right. As a result, the object appears to face the opposite direction.
Use slide 1.2 PPT ‘What is a wet mount?’ and explain that a wet mount is a temporary microscope slide, generally used for immediate observation rather than long-term preservation. You may add stains to increase contrast and make particular cell structures easier to see. Wet mounts are commonly used to observe microorganisms and plant and animal cells. To prepare a wet mount, place a small amount of the specimen on a clean glass slide and add a drop of water or an appropriate stain. Carefully lower a cover slip over the specimen at an angle to minimise air bubbles. Place the prepared slide on the microscope stage and begin viewing at the lowest magnification. Gradually increase the magnification to observe the specimen in greater detail. 
Explain that light microscopes are commonly used in school laboratories to view cells. Onion bulbs have thin, transparent membranes between their fleshy layers that are only one cell thick. These layers can be easily peeled to prepare a wet mount, making them ideal for observing plant cells under a microscope. Dyes such as iodine solution and methylene blue enhance the visibility of cell structures. These stains bind to different cell components, making structures easier to see. Iodine stains cells brown because it reacts with starch present in the cells, while methylene blue stains cells blue by binding to DNA, highlighting structures such as the nucleus.
Guide a discussion on potential risks and hazards and work collaboratively with students to identify appropriate safety precautions. Ask students to complete the risk assessment table in Student resource – preparing a wet mount slide using onion skin. Sample answers have been provided in the Sample response – student resource – preparing a wet mount slide using onion skin.
Go through the instructions step-by-step to ensure all students understand the procedure and expectations. Clearly explain key techniques, including placing the specimen on the slide, adding a drop of water, and lowering the cover slip at an angle to avoid air bubbles.
Model the steps needed to prepare a wet mount slide correctly, clearly demonstrating each step. Highlight common mistakes, such as using a crumpled piece of onion epidermis; trapping air bubbles by lowering the cover slip incorrectly; adding too much stain which can spill and smear the microscope lenses; and using incorrect focusing techniques that lead to blurry or unclear images. Remind students to always start focusing at the lowest magnification (4x objective lens) before moving to higher magnifications for a clearer view.
Note: remind students to use only the fine focus knob when moving from the 10x to the 40x objective lens. This will minimise the risk of breaking the slide.
Conduct a quick check for student understanding using Check for understanding 2 (1.2 PPT) to assess students’ understanding of preparing a wet mount.
Organise students into groups of 2–3, then allow them to begin the practical.
While students are conducting the experiment, provide support, correct technique as needed, and ask probing questions to assess understanding:
What can you see in the field of view?
Can you identify any cell structures? What makes you think it is a cell structure?
How does the image change as you adjust the focus?
Remind students of the required observations. Encourage them to:
focus the microscope properly (start on low power)
identify visible structures
record accurate drawings and annotations.
Note: if a digital microscope is available, project the slide images onto a screen and highlight what students should observe at each magnification. If a digital microscope is not available, use a mobile phone to capture images through the eyepiece and display them for class discussion. Images are provided in slide 1.2 PPT ‘Onion cells under microscope’.
Observe student progress, provide immediate feedback and address misconceptions as they arise.
Bring the class together and facilitate the discussion around what students observed under the microscope for onion cells under different magnifications. Ask them to identify cellular structures that are visible under different magnifications. Using slide 1.1 PPT ‘Onion cells under the microscope’, discuss where the cell wall, cytoplasm and nucleus are visible under different magnifications.
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) and use the slide 1.2 PPT ‘Preparing a wet mount slide using onion skin’. This video is also useful for students absent during the in-class practical, allowing them to review the method and key techniques independently.
Provide students with the Student resource – drawing cell diagrams of organisms and read through ‘Drawing scientific cell diagrams criteria’ with the class. Encourage students to look at onion cells under the microscope and facilitate class discussion as students describe the features of onion cells. Sample answers are provided below.
Onion cells are rectangular and are packed together in a grid-like pattern.
A thick cell wall surrounds each cell.
The cytoplasm appears as a faint, transparent substance within the cell.
Guide students to draw a scientific diagram of onion cells and have them follow along in the ‘scientific diagram’ column of Table 1 in the Student resource – drawing cell diagrams of organisms. A sample has been provided in Figure 1.
[bookmark: _Ref241060840]Figure 1 – a scientific drawing of onion cells under a light microscope
[image: A labelled hand drawn diagram of onion cells.]
Check with students to see whether their drawn diagram meets the ‘Drawing scientific cell diagrams criteria’ in the Student resource – drawing cell diagrams of organisms. Ask students to draw a scientific diagram of what they see under the microscope and write a description for 40x, 100x or 400x magnification.
Ask students to pack away the specimens and equipment after they have completed the practical activity.
[bookmark: _Student_resource_–_6]Get students to complete the questions in the Student resource – preparing a wet mount reflection. Allocate 10 to 15 minutes for this task, then review the answers as a class using the Sample response – student resource – preparing a wet mount reflection.
Consolidate
1. Students complete Table 8 at the end of the lesson to consolidate their learning.
1. Project the table on the board using slide 1.2 PPT ‘Preparing a wet mount reflection’ and have students draw the table in their book and respond.
[bookmark: _Ref240276812]Table 8 – preparing a wet mount reflection
	One thing done well
	One error and how to fix it

	
	




[bookmark: _Student_resource_–_5][bookmark: _Toc242881336]Student resource – cells and microscopes
Instructions: answer the following questions:
1. Label structures 1 to 7 in the diagram below.
	[image: A diagram of a plant cell and animal cell pointing to structures in each which are not labeled.]Figure 1 – animal and plant cell diagrams



Simple animal and plant cells by domdomegg, licensed under CC BY 4.0.Word bank: images		light		lenses		viruses		molecules		small		electron		living		scanning electron

1. Complete the following cloze passage using the words provided in the word bank above.
	A light microscope is a scientific tool used to view objects that are too __________ to be seen with the naked eye. It uses __________ and a series of __________ to magnify a specimen’s image. Light microscopes can be used to observe __________ cells such as onion skin cells or cheek cells, but they cannot clearly show very small structures such as __________ or individual __________. These require more powerful microscopes. Other types of microscopes include the __________ microscope, which uses beams of electrons to produce highly detailed __________, and the__________ __________ microscope, which provides 3D images of surfaces.


[bookmark: _Sample_response_–_3][bookmark: _Ref235707673]Sample response – student resource – cells and microscopes
1. Label structures 1 to 7 in the diagram below.
	Figure 1 – diagrams of plant and animal cells
[image: Diagram showing animal cell and plant cell structures, highlighting key components with numbered labels. Animal cell features a round shape with a nucleus and small pink organelles, while plant cell has a rectangular shape, nucleus, large central vacuole, and green chloroplasts.]
Simple animal and plant cells by domdomegg, licensed under CC BY 4.0.
1 is the cytoplasm, 2 is the nucleus, 3 is the cell membrane, 4 is the mitochondria, 5 is the cell wall (plant cell only), 6 is the vacuole, and 7 is the chloroplast (plant cells only).


Complete the following cloze passage using the words provided in the word bank.Word bank: images		light		lenses		viruses		molecules		small		electron		living		scanning electron


	A light microscope is a scientific tool used to view objects that are too small to be seen with the naked eye. It uses light and a series of lenses to magnify a specimen's image. Light microscopes can be used to observe living cells such as onion skin cells or cheek cells, but they cannot clearly show very small structures such as viruses or individual molecules. These require more powerful microscopes. Other types of microscopes include the electron microscope, which uses beams of electrons to produce highly detailed images, and the scanning electron microscope, which provides 3D images of surfaces.


[bookmark: _Student_resource_–_7][bookmark: _Toc242881337]
Student resource – parts of a microscope
Figure 1 – parts of a microscope
[image: A compound microscope with text boxes for students to label the parts.

]
This work was generated using BioRender.com. Any copyright subsisting in this work is owned by © State of New South Wales (Department of Education), 2026.
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Sample response – student resource – parts of a microscope
Figure 1 – sample response, parts of a microscope

[image: Diagram of a compound microscope with labeled parts including eyepiece, nosepiece, objective lenses, stage clip, diaphragm, light source, base, arm, stage, fine focus knob, coarse focus knob, light brightness control, and light switch. Labels are connected to corresponding components with lines, providing a clear overview of microscope structure and key functional elements.]
This work was generated using BioRender.com. Any copyright subsisting in this work is owned by © State of New South Wales (Department of Education), 2026.


[bookmark: _Student_resource_–_8][bookmark: _Toc242881338]Student resource – how to use a microscope
[image: A screenshot of a 'How to' card outlining how to use a microscope step-by-step.]
This work was generated using BioRender.com. Any copyright subsisting in this work is owned by © State of New South Wales (Department of Education), 2026.


[bookmark: _Student_resource_–_9][bookmark: _Toc242881339]Student resource – preparing a wet mount slide using onion skin
Experiment: preparing a wet mount slide and identifying the cytoplasm, cell wall and nucleus under the light microscope.
Aim: to prepare a wet mount from onion skin and identify the cytoplasm, cell wall and nucleus under a light microscope.
Equipment: 
one onion, peeled to a single layer (ensure the layer is not too thick, or the onion cell structure may not be visible)
iodine solution in a dropper bottle
2 clean microscope slides to mount the specimen on
cover slips to keep the specimen in place and protect the microscope lenses from contact with the specimen
an eye dropper or pipette to create a wet mount (you can choose between disposable and reusable droppers)
light microscope
forceps
needle
scalpel or a knife
Risk assessment
Table 1 – risk assessment
	Hazard
	Risk
	Prevention

	Broken glass slide or cover slip
	
	

	Scalpel/knife
	
	

	Chemicals – iodine, methylene blue
	
	

	Electric cables
	
	


Procedure:
1. Cut the onion, then peel off the membrane-like skins located between each onion layer. This thin membrane is best for studying onion epidermal cells at low magnifications.
Carefully mount the onion peel on top of a clean microscope slide, making sure to smooth out wrinkles using the forceps.
Using the dropper, apply one or 2 drops of the iodine solution over the onion sample.
Carefully place the cover slip over the stained sample by holding a cover slip at 45 degrees with the help of forceps and a needle and then gently dropping it to prevent air bubbles. If using methylene blue, first cover the onion peel with the cover slip, then apply the methylene blue next to it. Do not apply too much stain, or it will reduce the sample's contrast making it difficult to distinguish the structures within the sample.
Wipe off the excess stain using a paper towel.
Carefully mount the prepared and stained onion cell slide onto the microscope stage and secure it on the stage using the stage clips.
Use the focus knobs to focus the slide under the lowest magnification using the 4x objective lens. Adjust the focus using the fine focus knob.
Observe the mounted slide through the eyepiece and take note of your observations before moving on to the second magnification, repeating the same steps, then study the onion cells under the highest magnification and compare. Identify the nucleus, cytoplasm and cell wall in the cells.
Using the information provided in the Student resource – drawing cell diagrams of organisms, draw scientific diagrams of onion cells under different magnifications in the Student resource – diagrams of onion cells under different magnifications. Label the structures observed under different magnifications and write a description of your observations.


[bookmark: _Sample_response_–_4]Sample response – student resource – preparing a wet mount slide using onion skin
Risk assessment
Table 1 – sample response, risk assessment
	Hazard
	Risk
	Prevention

	Broken glass slide or cover slip
	Cuts to the skin.
	Handle glass slides and cover slips carefully; do not touch broken glass with bare hands.

	Scalpel/knife
	Cuts to the hands or injury if dropped on foot.
	Keep the knife away from the edge of the table, use it carefully and keep it away from your fingers when cutting.

	Chemicals – iodine, methylene blue
	Stains your skin and clothing and causes skin irritation.
	Wear gloves and use a dropper to put the stain on the specimen.

	Electric cables
	Electric shock.
	Keep the leads away from water and do not touch the power points with wet hands.




[bookmark: _Student_resource_–_10][bookmark: _Toc242881340]Student resource – drawing cell diagrams of organisms
Drawing scientific cell diagrams criteria
When scientists use a microscope to observe cells, they often draw a scientific diagram to record their observations. They may also provide a written description of what they observe. When producing a scientific drawing, it is important to consider the following:
	use a sharp pencil
only draw what you see
make the drawing large and fill as much of the field of view as you can
use solid lines to draw – do not sketch 
do not shade in the drawing
	use a ruler to draw any label lines
make sure label lines do not overlap
indicate the magnification
include a title 


Follow along in the table below with the teacher as they draw a scientific diagram of cells viewed under the microscope.
Table 1 – scientific diagram of onion cells as seen under a light microscope
	Under the microscope
	Scientific diagram

	Figure 1 – labelled image of onion cells observed under the microscope at 200x magnification
[image: A labelled onion cell as seen under a microscope at x200 magnification.]
Onion cell 200x by Alvy16, licensed under CC BY 4.0.
	Figure 2 – labelled diagram of onion cells viewed under the microscope at 200x magnification




Sample response – student resource – drawing cell diagrams of organisms
Table 1 – sample response showing a scientific diagram of onion cells as seen under a microscope
	Under the microscope
	Scientific diagram

	Figure 1 – labelled image of onion cells observed under the microscope at 200x magnification
[image: A labelled onion cell as seen under a microscope at x200 magnification..]
Onion cell 200x by Alvy16, licensed under CC BY 4.0.
	Figure 2 – labelled diagram of onion cells viewed under the microscope at 200x magnification
[image: A labelled hand drawn diagram of onion cells.]





[bookmark: _Student_resource_–_16][bookmark: _Toc242881341]Student resource – diagrams of onion cells under different magnifications
Complete the table below to draw diagrams of onion cells under different magnifications.
Table 1 – diagrams of onion cells under different magnifications
	Magnification
	Diagram
	Description

	40x
	
	

	100x
	
	

	400x
	
	




Sample response – student resource – diagrams of onion cells under different magnifications
Complete the table below to draw diagrams of onion cells under different magnifications.
Table 1 – sample response, diagrams of onion cells under different magnifications
	Magnification
	Diagram
	Description

	40x
	Figure 1 – an image of onion cells under 40x magnification
[image: Photograph of plant cells under a microscope (4x objective lens) showing a hexagonal pattern of cell walls with visible nuclei in each cell. Cells are uniformly arranged with light yellow cytoplasm and darker brownish nuclei, highlighting typical plant tissue structure.]
	Large number of closely packed cells forming uniform layers
Individual cell details unclear; nucleus appears as brown dots

	100x
	Figure 2 – an image of onion cells under 100x magnification
[image: Photograph of plant cells under a microscope (10x objective lens) showing rectangular cells with distinct cell walls and dark-stained nuclei. Cells are arranged in a tightly packed pattern with visible cytoplasm and evenly distributed nuclei.]
	Fewer but larger cells visible, with some detail
Cell walls clearly visible, outlining each cell
Clear brown nucleus visible in each cell

	400x
	Figure 3 – an image of onion cells under 40x magnification
[image: Photograph of plant cells viewed under a microscope (40x objective lens) showing rectangular cell walls and several dark-stained nuclei within cells. Yellowish cell walls form a grid-like pattern, highlighting cellular structure and internal organelles.]
	Only a few cells are visible, showing much greater detail
Clearly defined thick cell wall and nucleus visible
Cytoplasm lining the cell wall visible


[bookmark: _Student_resource_–_11][bookmark: _Toc242881342]Student resource – preparing a wet mount reflection
Answer the following questions.
1. What key features of onion cells were observed in the wet mount you prepared?
	


2. Describe the sources of error in this wet mount experiment.
	


3. Explain why stains are used when preparing wet mounts.
	


4. Describe the steps that could be taken to improve the quality and reliability of results in this wet mount experiment.
	


5. Evaluate the suitability of the wet mount technique for different types of specimens.
	


6. Identify the possible sources of systematic and random errors in this experiment.
	




[bookmark: _Sample_response_–_5][bookmark: _Ref227230275][bookmark: _Toc226711503]Sample response – student resource – preparing a wet mount reflection
Answer the following questions.
1. What key features of onion cells were observed in the wet mount you prepared?
	The onion cells in the wet mount were rectangular and arranged in a regular, brick-like pattern. A distinct cell wall was clearly visible, providing structural support and defining the boundaries between adjacent cells. The cytoplasm appeared as a thin, translucent layer lining the inside of the cell. In most cells, a nucleus appeared as a darker, rounded structure, particularly where staining was effective. A large central vacuole was also inferred, as it pushed the cytoplasm towards the edges of the cell. These features are characteristic of plant cells and were clearly visible under the microscope.


2. Describe the sources of error in this wet mount experiment.
	The most significant source of error was air bubbles caused by improper cover slip placement. These bubbles obstructed the field of view and reduced the clarity of observed structures, limiting observational accuracy. Another source of error was using too much or too little stain, which caused the specimen to move or dry out and reduced clarity. Folded-over and thick onion skin also introduced error, as overlapping cells made it difficult to observe individual structures clearly. In addition, improper microscope use, such as incorrect focusing, reduced image resolution and the amount of detail observed.


3. Explain why stains are used when preparing wet mounts.
	Stains are used in wet mount preparations to increase contrast between different parts of the cell, making structures easier to observe under the microscope. Many cellular components, such as the nucleus, are transparent and difficult to see without staining. A stain binds to specific parts of the cell, highlighting them by making them darker or more distinct against the surrounding cytoplasm. This improved visibility allows for more accurate identification of cell structures and supports clearer, more reliable observations. In turn, this increases the validity of biological drawings and conclusions drawn from the specimen.


4. Describe the steps that could be taken to improve the quality and reliability of results in this wet mount experiment.
	To improve the results of the wet mount experiment, prepare the specimen as a very thin layer to prevent overlapping cells and improve visibility of individual structures. Lower the cover slip slowly at an angle to minimise air bubbles, which can obstruct the view of the specimen. Use enough stain to keep the specimen moist, but not so much that it moves under the cover slip. Using a suitable biological stain, such as iodine, can also improve contrast and make cell structures like the nucleus more visible. In addition, careful microscope use, including starting at low magnification and gradually increasing focus and magnification, improves image clarity and reduces observational errors.


5. Evaluate the suitability of the wet mount technique for different types of specimens.
	The wet mount technique suits thin, transparent or living specimens, such as cells or microorganisms. However, it is less suitable for thick or opaque samples, which require sectioning or alternative preparation methods for effective observation.


6. Identify the possible sources of systematic and random errors in this experiment.
	Systematic errors are consistent and affect all results in the same way. In this experiment, a systematic error could involve consistently using too much or too little water when preparing the slide, which would repeatedly reduce specimen clarity across all observations. Another possibility is poor microscope calibration or incorrect focusing technique, which would reduce image quality for every sample viewed.
Random errors vary between trials and are unpredictable. In this experiment, random errors could include accidental air bubbles under the cover slip in some slides but not others. Uneven specimen placement or slight differences in cover slip positioning each time could also cause variation in clarity and visibility between observations.
Together, these errors reduce the overall reliability and accuracy of the results; systematic errors affect all data more consistently, while random errors cause inconsistency between individual observations.




[bookmark: _Toc242881343]Teaching advice
This content requires students to prepare a wet mount slide and use a light microscope to identify the cell wall, cytoplasm and nucleus. Because the cell wall is a plant structure, use a suitable plant specimen. Onion epidermis is ideal because it is readily available, easy to prepare, and consists of a single layer of uniformly arranged cells that are easy to observe under a microscope.
Students have previously learned to observe cells under microscopes in Science 7–10, within the Cells and Classification focus area. Check students’ prior knowledge of cell structures and microscope use before starting this activity, as they may not recall key skills. Revising the parts of the microscope and their functions before the practical will support effective participation.
Before students use equipment, clearly explain what a wet mount is, why it is used, and the key structures to identify (cell wall, cytoplasm, nucleus), including how they appear under a light microscope. Use diagrams or images of onion cells to show what students should expect to see. Demonstrate the method step-by-step, emphasising a thin specimen, a small drop of water, lowering the cover slip at an angle to prevent air bubbles, and starting at low magnification. Explain the purpose of each step. Reinforce correct microscope use, including safe handling, proper focusing and cleaning. Provide a checklist to guide students and monitor their work closely, correcting errors early, especially in cover slip placement and focusing.
Provide guiding prompts to support identification, including that the rectangular outer boundary indicates the cell wall, the darker rounded structure is the nucleus, and the remaining internal area is the cytoplasm. This helps students identify key features accurately. Link observations to scientific recording by asking students to draw a correctly labelled scientific diagram with clear lines (no shading) and to include magnification. This reinforces accurate scientific communication.
Background information 
Cells are the basic structural and functional units of all living organisms. To study cells in detail, scientists use microscopes to magnify specimens too small to see with the naked eye. This practical investigation allows students to observe cells directly and connect theoretical knowledge with real biological specimens. Students develop practical microscopy skills while reinforcing their understanding of the relationship between cell structure and function.
This investigation develops essential practical skills, including specimen preparation, microscope operation, focusing techniques and the accurate observation and recording of biological structures. Students apply these skills throughout the Biology course in practical investigations, supporting them in collecting, interpreting and communicating scientific evidence.
Identifying the cytoplasm, cell wall and nucleus helps students relate the biological structures in diagrams and models to real cells. Students learn to produce labelled scientific drawings and understand that the structures visible under a light microscope are limited by the instrument's resolving power. This provides a foundation for understanding how technological advances expand biological knowledge.
A light microscope uses visible light and lenses to produce a magnified image of a specimen, enabling the observation of key cellular structures.
A wet mount is a temporary slide prepared for immediate observation rather than long-term preservation. Preparing a wet mount involves placing a specimen in a drop of water on a glass slide and covering it with a cover slip. This method is particularly useful for observing living or fresh specimens, as it helps preserve the natural structure of cells and prevents them from drying out. You may also add a cell stain to increase contrast and make certain structures easier to see.
In plant cells, such as onion epidermal cells, you can observe several key structures under a light microscope. The cell wall is a rigid outer layer that provides support and gives the cell a regular, rectangular shape. Inside the cell, the cytoplasm appears as a translucent material in which many cellular processes occur. The nucleus, often visible as a darker, rounded structure, controls cellular activities and contains genetic material. A large central vacuole is also typically present, though it may not always be clearly visible.
Because light microscopes have limited resolution, you can observe only larger or more distinct structures. Careful slide preparation and correct microscope technique are essential for obtaining a clear image and accurately identifying cellular components.


Checks for understanding
[bookmark: _Check_for_understanding_2][bookmark: _Ref236217623]Check for understanding 1 (1.2 PPT)
Ask students to copy the table on slide 1.2 PPT ‘Check for understanding 1’ and complete the calculations for total magnification. Review and discuss the answers as a class to check students’ understanding.
Check for understanding 1 sample response
Table 9 – sample response for Check for understanding 1
	Eyepiece
	Objective lens magnification
	Total magnification

	10x
	100x
	1000x

	10x
	10x
	100x

	10x
	4x
	40x

	10x
	40x
	400x


[bookmark: _Check_for_understanding_3][bookmark: _Ref227236828]Check for understanding 2 (1.2 PPT)
Display slide 1.2 PPT ‘Check for understanding 2’ (2 slides) and have students engage with the question. Select the most appropriate response to check students’ understanding of how to prepare a wet mount.
Question: The steps for preparing a wet mount are listed below in a random order. Arrange them in the correct sequence.
Steps:
1. Lower the cover slip at an angle.
2. Add a drop of stain.
3. Place the slide on the microscope stage. 
4. Position the specimen.
The correct order of steps is:
A. 1, 2, 3, 4
B: 4, 2, 1,3
C: 2, 1, 4, 3
D: 4, 1, 3, 2
Check for understanding 2 sample response
The correct order of steps is:
A. 1, 2, 3, 4
B: 4, 2, 1,3
C: 2, 1, 4, 3
D: 4, 1, 3, 2
[bookmark: _Toc226711504]

[bookmark: _Ref235708588][bookmark: _Toc242881344]1.3 Structure and function of prokaryotic cells
Students will learn about the structural features and functions of prokaryotic cell structures, including the capsule, cell wall, cell membrane, cytoplasm, nucleoid, plasmid, ribosomes, flagella and pili.
Table 10 – learning intentions and success criteria
	We are learning:
	I can:

	to explain the function of structures found in prokaryotic cells
	describe prokaryotic cell structures including capsule, cell wall, cell membrane, cytoplasm, nucleoid, plasmids, ribosomes, flagella and pili using correct scientific terminology
explain the functions of cellular structures in relation to cell survival, movement and reproduction

	to select and process data and information
	correctly draw and label a diagram of a prokaryotic cell

	to communicate understanding using scientific language and terminology.
	construct a written response to an examination-style question to communicate understanding
use correct and precise scientific terminology in a response
use connectives/cohesive devices to create cohesion in a response.


[bookmark: _Toc242881345]Lesson sequence instructions
Activate
1. Use 1.3 PPT ‘Cell structures and prokaryotic cells’ (2 slides) to activate students’ prior knowledge of cell structures and prokaryotic cells by asking them to correct the following incorrect statements:
All cells have a nucleus.
Bacteria contain mitochondria to release energy through respiration.
The cell controls what enters and leaves the cell.
Plasmids are large linear structures that control cell movement.
Cytoplasm is a solid material where some chemical reactions take place.
Display slide 1.3 PPT ‘Cell structures and prokaryotic cells (2 of 2)’ to discuss the correct statements. These are also provided below.
Prokaryotic cells do not have a nucleus.
Bacteria do not have mitochondria to release energy through respiration.
The cell membrane controls what enters and leaves the cell.
Plasmids are additional loops of DNA found in some bacteria.
Cytoplasm is a jelly-like material where many chemical reactions take place.
For students struggling to recall these concepts, they may need to revisit content taught in 1.1 Prokaryotic and eukaryotic cells.
Core learning 
1. Provide students with a copy of the Student resource – prokaryotic cell structure and function. 
1. Explain that students will complete Table 1 in the student resource while watching the video. Give clear instructions that they do not need full sentences; keywords are fine, as the focus is on developing their understanding of prokaryotic cellular structures rather than mechanically filling in the boxes. 
1. Play the video Prokaryotic (Bacteria) Cell Structure and Function (2:53) (see slide 1.3 PPT ‘Structure of prokaryotic cells’). Pause at key points and prompt students to fill in the missing information in Table 1 in the student resource.
1. Check students’ understanding of the key structures using Check for understanding 1 (1.3 PPT). Display the question on slide 1.3 ‘PPT Check for understanding 1 (1 of 2)’, pause and ask a non-volunteer to answer. (Explicit teaching – cold calling). Use slide 1.3 PPT ‘Check for understanding 1 (2 of 2)’ to discuss the answers with the class.
Help students gain mastery of the foundational knowledge gained from watching the video by explaining the structure and function of prokaryotic cells using 1.3 PPT ‘Prokaryotic cell structure and function (slides 1 to 10)’. Instruct students to refine and improve their responses in the table using this information. Explain that the information already provided in the table may need to be amended by adding the missing points. Ask students to also label the diagram provided in question 1 and answer question 2 in the Student resource – prokaryotic cell structure and function as you go through the slides. A sample response has been given in Sample response – student resource – prokaryotic cell structure and function.
Emphasise that prokaryotes are single-celled organisms that lack a nucleus and membrane-bound organelles, with DNA concentrated in a region called the nucleoid. Derived from the Greek words pro (before) and karyon (nucleus/kernel), they are primitive, highly adaptable life forms, including bacteria and archaea. They are ancient life forms and can survive in a wide range of environments, including hot springs, soil and the human gut. Go through the structural features and functions of each part of the prokaryotic cell.
Capsule: a distinct outer layer that surrounds some prokaryotic cells. It is made of carbohydrates (polysaccharides) and forms a thick, sticky layer outside the cell wall. The capsule protects the cell from drying out and from harmful environmental conditions. Its sticky surface allows the cell to adhere to surfaces, other cells or host tissues. In disease-causing bacteria, the capsule can also help the cell evade destruction by the host’s immune system. The capsule improves the cell’s ability to survive and persist in a variety of environments.
Plasma membrane: a thin, flexible layer that surrounds the cytoplasm of all prokaryotic cells. It consists of a phospholipid bilayer with embedded proteins, making it selectively permeable. The cell membrane regulates the movement of substances into and out of the cell, allowing nutrients in and waste products out. It also enables the cell to detect signals and respond to changes in its surroundings.
Flagellum: (plural flagella): a long, whip-like structure that extends from the surface of some prokaryotic cells. It is made of protein and is anchored in the cell membrane and cell wall, allowing it to rotate. The flagellum provides motility by rotating like a propeller, enabling the cell to move through liquid environments.
Pili (plural of pilus): short, hair-like protein structures found on the surface of many prokaryotic cells. Pili help cells adhere to surfaces, other cells or host tissues, which supports colonisation and survival. Specialised pili, called sex pili, allow DNA transfer between cells, increasing genetic variation.
Cytoplasm: a fluid that fills the interior of a cell. It is mostly water, with dissolved enzymes, nutrients and other biochemical molecules. Cytoplasm is the site of many chemical reactions, including the metabolic processes required for cellular growth and energy release. It holds internal structures, such as ribosomes and DNA, in place and serves as a transport medium for substances within the cell.
Nucleoid: a region within the cytoplasm where the genetic material (DNA) is located. No membrane surrounds the DNA. DNA carries instructions for the cell’s growth and function. DNA coordinates all cellular activities by providing the genetic instructions needed for survival and reproduction.
Plasmid: a small loop of DNA found in the cytoplasm of some prokaryotic cells, in addition to the circular DNA in the nucleoid region. Plasmids carry additional genes that are not essential for basic survival but can confer advantages such as antibiotic resistance. Plasmids can be transferred between cells, allowing beneficial traits to spread. Plasmids enhance the cell’s ability to adapt and survive in different environments.
Ribosome: a small, non-membrane-bound structure found in the cytoplasm. Ribosomes are the site of protein synthesis. The proteins they produce are essential for cell structure, metabolism, growth and reproduction.
Check students’ understanding of the function of structures in prokaryotic cells through a Check for understanding 2 (1.3 PPT).
Differentiation: direct visual learners and students requiring further support in understanding the structure and function of structures in prokaryotic cells to 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.
Demonstrate for students how to construct a response to an ‘explain’ question, making the relationship between structure and function of prokaryotic cells evident. 
Define the verb ‘explain’ with students using slide 1.3 PPT ‘Unpacking the verb ‘explain’’, highlighting that it means to relate cause and effect. Emphasise that, in exam-style responses, students should make relationships between things evident to achieve full marks and show how and why something happens by clearly linking ideas, events or concepts through cause and effect.
Use 1.3 PPT ‘Unpacking the CUBE strategy’ (2 slides) to explain to students how to use the Circle, Underline, Box, Examples/Expand (CUBE) strategy. An example of this strategy to deconstruct a question has been provided in slide 1.3 PPT ‘Annotated example of CUBE’. This strategy helps students understand what the question is asking and helps plan the response.
Note: CUBE is an alternative to VCFS for deconstructing questions by identifying key verbs and the required content. Use the strategy that best suits your students and familiarise them with it.
Students read over Table 1 in the Student resource – deconstructing a question, which outlines the CUBE strategy for deconstructing exam-style questions and planning a response. There is supporting information in slide 1.3 PPT ‘Unpacking the CUBE strategy’.
Use the CUBE strategy and the sample annotations to model for students the thinking needed to determine if and how the provided example has been appropriately deconstructed (see slide 1.3 PPT ‘Annotated example of CUBE’).
Note: when writing a response to an ‘explain’ question, remind students to relate cause and effect. For example, some prokaryotic cells can move towards nutrients or away from harmful conditions because they have flagella. Another example: prokaryotic cells do not have a nucleus; therefore, their DNA is located freely in the cytoplasm.
Display slide 1.3 PPT ‘Explain question’ on the board. Model the steps for how to use the CUBE strategy to unpack the question in the Student resource – deconstructing a question. Discuss the deconstruction of the question using CUBE. Link the points below to planning a response.
First, look at the verb(s). ‘Explain’ means to relate cause and effect and provide why and how. Emphasise that in examination questions, students need to make the relationship clear in their responses.
The content identified is the cell wall in prokaryotic cells. This means we will need to describe the role of the cell wall in prokaryotic cells.
The context/focus has been identified as maintaining cell shape. This means we relate the structure and function of the cell wall to cell shape. The question contains no plurals.
The question does not require examples of organisms; however, students are expected to elaborate on the specific structures within the cell wall and explain how they help maintain cell shape. Simply stating that the cell wall is rigid is insufficient.
Model the thinking needed to plan the response, taking into consideration the points above.
Identify structural features of the cell wall, considering its composition (peptidoglycan), layered arrangement, and strength and rigidity.
Explain how these features prevent the cell from bursting and relate this to maintaining a consistent shape.
Deconstruct Sample response 1 as a class against the marking criteria (in the Student resource – deconstructing a question and in slide 1.3 PPT ‘Sample response 1’). Students annotate how the response meets and does not meet the criteria. Highlight where connectives (cohesive words) are used to indicate cause and effect, and, in a different colour, annotate the use of correct and precise scientific terminology (teacher-annotated samples are in slide 1.3 PPT ‘response 1 annotated’).
Deconstruct Sample response 2 as a class against the marking criteria, annotating where the response meets and does not meet the criteria (slide 1.3 PPT ‘Sample response 2’). Highlight where cohesive words are used to indicate similarity or difference, and, in a different colour, annotate the use of correct and precise scientific terminology. A sample response is provided in slide 1.3 PPT ‘Sample response 2 annotated’.
Display slide 1.3 PPT ‘Improving written responses’ to provide students with a list of connectives (cohesive words) for ‘explain’ and a list of scientific terminology.
Instruct students to use Student resource – deconstructing a question to draft an improved response based on the feedback annotated on Sample response 2; this new response should be similar to Sample response 1. Highlight where connectives (cohesive words) and correct and precise scientific terminology have been used.
Direct students to independently answer the questions in the Student resource – structure and function of prokaryotic cells to help them apply their knowledge of prokaryotic cell structures and functions. This will help students connect structure, function and survival. Encourage students to identify key verbs, highlight relevant content, stay focused, and write responses in clear sentences. Prompt students to add specific terminology and explain mechanisms. Use Sample response – student resource – structure and function of prokaryotic cells to discuss the answers as a class.
Consolidate
1. Provide students with a copy of the crossword provided in the Student resource – prokaryotic cell crossword – see 1.3 PPT ‘Prokaryotic cell crossword’ (slides 1 and 2 of 3).
1. Ask students to complete the crossword and then use the Sample response – student resource –prokaryotic cell crossword, and slide 1.3 PPT ‘Prokaryotic cell crossword’ (3 of 3), to discuss the answers to the crossword.


[bookmark: _Student_resource_–_17][bookmark: _Ref227932142][bookmark: _Toc242881346]Student resource – prokaryotic cell structure and function 
Instructions: complete the table below by describing the structural features and functions of each component found in a prokaryotic cell while watching the video. Complete questions 1 and 2 after you have watched the video.
Table 1 –structures in prokaryotic cells
	Structure
	Description
	Function

	Capsule
	Outermost sticky layer made up of carbohydrates
	

	
	Surrounds the cell; made up of peptidoglycan (polymer of sugars and amino acids), rigid.
	

	Plasma membrane
	
	

	
	
	Allows the cell to move through liquid

	
	Short hair-like structures
	

	
	
	Place where many cellular processes take place

	
	Region where circular DNA is located
	

	Plasmid
	
	

	
	Small structures found in the cytoplasm
	


1. Label the following diagram of a prokaryotic cell.
	Figure 1 – prokaryotic cell
[image: An unlabelled prokaryotic cell.]







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


Identify the following in a prokaryotic cell:
structures that surround the cell
structures that help with movement and attachment
structures that are found inside the cell.
	




[bookmark: _Sample_response_–_6][bookmark: _Ref228275045]Sample response – student resource – prokaryotic cell structure and function
Instructions: complete the table below by describing the structural features and functions of each component found in a prokaryotic cell while watching the video. Complete questions 1 and 2 after you have watched the video.
Table 1 – sample response, structures in prokaryotic cells
	Structure
	Description
	Function

	Capsule
	Distinct outer layer that surrounds some prokaryotic cells, made up of carbohydrates (polysaccharides) and forms a thick, sticky layer outside the cell wall.
	Protects the cell from drying out and from harmful environmental conditions; its sticky surface allows the cell to adhere to surfaces, other cells or host tissues. In disease-causing bacteria, the capsule can also help the cell evade destruction by the host’s immune system and improve the cell’s ability to survive and persist in a variety of environments.

	Cell wall
	A rigid outer layer that surrounds the cell membrane in most prokaryotic cells, primarily made of peptidoglycan, a polymer of sugars and proteins that provides strength and structure.
	Provides structural support to the cell and helps maintain cell shape; protects the cell from physical damage and environmental stress, and prevents the cell from bursting as it fills with fluid by pushing back against expansion.

	Plasma membrane
	A thin, flexible layer surrounding the cell’s cytoplasm, made of a phospholipid bilayer with embedded proteins, making it semi-permeable.
	Regulates the movement of substances into and out of the cell, allowing nutrients in and waste products out, and enabling the cell to detect signals and respond to changes in its surroundings.

	Flagellum (plural flagella)
	A long, whip-like structure that extends from the surface of some prokaryotic cells; made of protein and anchored in the cell membrane and cell wall, allowing it to rotate.
	Provides motility by rotating like a propeller, enabling the cell to move through liquid environments.

	Pilus (plural pili)
	Short hair-like protein structures found on the surface of many prokaryotic cells.
	Helps the cell adhere to surfaces, other cells or host tissues, aiding colonisation and survival. Specialised pili called sex pili enable DNA transfer between cells, increasing genetic variation.

	Cytoplasm
	Fluid that fills the inside of a cell. It is made up mostly of water, along with dissolved enzymes, nutrients and other biochemical molecules.
	Site of many chemical reactions, including the metabolic processes needed for cellular growth and energy release; it holds internal structures such as ribosomes and DNA in place and acts as a transport medium for cellular substances.

	Nucleoid
	Region within the cytoplasm where the genetic material (DNA) is located. No membrane surrounds the DNA.
	Contains the DNA, which carries instructions for the cell’s growth and function. DNA coordinates all cellular activities by providing the genetic instructions needed for survival and reproduction.

	Plasmid
	Small loop of DNA found in the cytoplasm of some prokaryotic cells, in addition to the circular DNA located in the nucleoid region.
	Carries additional genes that are not essential for basic survival but can provide advantages such as antibiotic resistance. These genes can be transferred between cells, allowing beneficial traits to spread and enhancing the cell’s ability to adapt and survive in different environments.

	Ribosome
	Small, non-membrane-bound structure found in the cytoplasm.
	Site of protein synthesis. The proteins produced are essential for cell structure, metabolism and reproduction.


1. Label the following diagram of a prokaryotic cell.
	Figure 1 – the sample response, labelled prokaryotic cell
[image: A labelled diagram of a prokaryotic cell showing features such as a pilus, capsule, cell membrane, cell wall, flagellum, plasmid, ribosome and nucleoid.]
This work was generated using BioRender.com. Any copyright subsisting in this work is owned by © State of New South Wales (Department of Education) 2026.


Identify the following in a prokaryotic cell:
structures that surround the cell
structures that help with movement and attachment
structures that are found inside the cell
	Structures that surround the cell: cell membrane, cell wall and capsule (in some cells)
Structures that help with movement and attachment: flagella aid movement and pili aid attachment
Structures that are found inside the cell: cytoplasm, DNA in the nucleoid region, ribosomes, plasmids (in some cells)




[bookmark: _Student_resource_–_3][bookmark: _Toc242881347]Student resource – deconstructing a question
Deconstruct the question below using Table 1.
	Explain how the cell wall helps a prokaryotic cell maintain its shape.
(3 marks)


Table 1 – requirements for deconstructing a question using CUBE
	Component
	Criteria

	Circle
	Circle the verb; it provides direction on how and what to include in your response.

	Underline
	Underline the keywords that relate to the syllabus content you have learnt.
Annotate with your understanding of the content.

	Box limiting factors (important information, plurals, additional information)
	Relate to a particular context.
Reference to a stimulus.
Identify if words are singular or plural.

	Evidence/example/elaborate
	Determine examples and supporting evidence.


Planning your response
As a class, plan a response to the deconstructed question.
	


Deconstructing sample responses
Use the marking criteria below for the question: ‘Explain how the cell wall helps a prokaryotic cell maintain its shape.’ You will use the criteria to assess sample responses and improve them.
Table 2 – marking criteria for the question
	Marks
	Criteria

	3
	Identifies the cell wall as a rigid outer structure in prokaryotic cells that determines cell shape.
Describes the structure and composition of the cell wall.
Explains how the cell wall helps a prokaryotic cell maintain its shape by relating the structure of the cell wall to its function.
Uses correct scientific terminology.

	2
	Identifies the cell wall as a rigid outer structure in prokaryotic cells that determines the shape of cells.
Describes the structure and composition of the cell wall.

	1
	Identifies a feature of the cell wall.


Deconstruct and annotate the response below.
	Sample response 1:
The cell wall in prokaryotic cells is the rigid outer layer that surrounds the cell membrane. It is made of peptidoglycan, a polymer made of sugars and amino acids which provides strength and structural support. This rigidity allows the cell wall to maintain and define the shape of the cell even when external conditions change. In many environments, water tends to enter the cell by osmosis, increasing internal pressure. The strong cell wall resists this pressure, preventing the cell from bursting and helping the cell maintain its shape.
	Annotations:

	Sample response 2:
Cell wall helps maintain the shape of a cell because it is rigid.
	Annotations:


Recreate Sample response 2 in the box below, addressing the feedback you annotated in class. Use the plan you made earlier to help you construct a complete response.
Explain how the cell wall helps a prokaryotic cell maintain its shape. (3 marks)
	




Sample response – student resource – deconstructing a question
Deconstructing sample responses
Deconstruct and annotate the response below.
Figure 1 – sample response 1 annotated
[image: Screenshot of an annotated biology response explaining how a prokaryotic cell wall provides strength, maintains shape, and prevents bursting through osmosis. Yellow highlights mark cause-and-effect phrases, blue text identifies scientific terminology, and a key defines both annotation styles.]

Figure 2 – sample response 2 annotated
[image: Screenshot of annotated sample response stating, “Cell wall helps maintain shape of a cell because it is rigid,” with “because” highlighted yellow and scientific terms shown in blue. The key explains yellow highlighting as cause-and-effect words and blue text as scientific terminology.]

Recreate Sample response 2 in the box below, addressing the feedback you annotated in class. Use the plan you made earlier to help you construct a complete response.
Explain how the cell wall helps a prokaryotic cell maintain its shape. (3 marks)
	The cell wall forms a tough outer covering around prokaryotic cells and maintains their shape. It consists of peptidoglycan arranged in strong, cross-linked layer that provides rigidity. Because of this rigid structure, the cell wall withstands the pressure generated when water enters the cell by osmosis, preventing the cell from bursting and allowing it to retain its shape.




[bookmark: _Student_resource_–_18][bookmark: _Toc242881348]Student resource – structure and function of prokaryotic cells
Answer the following questions: 
1. Explain how the loss of pili would affect the survival of a bacterial cell.
	


Outline the role of a specific prokaryotic cell structure that enables its survival in each of the following environments:
Antibiotic-rich hospital setting
Dry environment
Soil
Human gut
	


Draw a labelled scientific diagram of a prokaryotic cell. On your diagram, label the structures responsible for movement, growth and reproduction.
	




[bookmark: _Sample_response_–_7][bookmark: _Ref228289695]Sample response – student resource – structure and function of prokaryotic cells
1. Explain how the loss of pili would affect the survival of a bacterial cell.
	If a bacterial cell loses its pili, it can no longer attach to surfaces or other cells. This makes it harder for the bacterium to colonise environments, such as host tissues or nutrient-rich surfaces, lowering its chances of survival.


Outline the role of a specific prokaryotic cell structure that enables the cell’s survival in each of the following environments:
Antibiotic-rich hospital setting
Dry environment
Soil
Human gut 
	Antibiotic-rich hospital setting
Plasmids: some prokaryotic cells have plasmids that carry antibiotic-resistant genes and allow the cell to survive antibiotic exposure.
Dry environment
Capsule: prevents drying out by retaining water around the cell, helping it survive when water is limited.
Soil
Pili: help cells stick to soil particles, organic matter and plant roots, preventing them from being washed away, as soil is easily disturbed by water movement.
Human gut
Flagella: enable movement toward nutrients and optimal locations in the gut, increasing their chances of growth and protecting them from harmful chemicals.


Draw a labelled scientific diagram of a prokaryotic cell. On your diagram, label the structures responsible for movement, growth and reproduction.
	[image: Labelled prokaryotic cell. Labels include cell wall, plasma membrane, cytoplasm, nucleoid region, ribosome, pili, flagella.]Figure 1 – diagram of a prokaryotic cell




[bookmark: _Student_resource_–_19][bookmark: _Toc242881349]Student resource – prokaryotic cell crossword
Use the clues to fill in the words in the following crossword.
Note: words can go across or down. Letters are shared when the words intersect.
Figure 1 – prokaryotic cells crossword

[image: Crossword for completion.]
ACROSS
5. Whip-like structure that rotates to propel the cell towards favourable conditions, such as areas with higher concentrations of nutrients.
6. Genetic material found in the nucleoid region that contains the main instructions for cell function, growth and reproduction.
DOWN
1. Small structures found in the cytoplasm that are the site of protein synthesis.
2. Protective outer layer found in some prokaryotic cells that helps prevent desiccation and provides protection from the environment.
3. Small, circular loop of DNA that is separate from the main chromosome and may carry genes for antibiotic resistance.
4. Short, hair-like structures on the outside of some prokaryotic cells that can help the cell attach to surfaces or other cells.


[bookmark: _Sample_response_–_8]Sample response – student resource –prokaryotic cell crossword
Figure 1 – sample response, prokaryotic cells crossword
[image: Crossword answers.]

[bookmark: _Toc242881350]Teaching advice
Teach this concept by clearly linking cellular structures to their functions and to the organism's survival, rather than presenting cell components in isolation. Introduce the prokaryotic cell as an integrated system in which each structure contributes to efficient functioning. Model explanations that connect structural features to functions and use annotated diagrams that prompt students to identify structures and explain their roles. Sentence scaffolds such as ‘The (structure) has/is made of (feature), which allows it to (function)’ can help students develop scientific explanations.
Use visual and interactive resources, such as animations and model-building activities, to support understanding of less familiar structures, including the nucleoid and plasmids. Address common misconceptions, such as the idea that prokaryotic cells are ‘empty’ or that DNA must be enclosed within a nucleus. Give students opportunities to explain how multiple structures work together to support cellular function, preparing them for higher-order responses that require analysis rather than recall.
Background information
Prokaryotic cells are small, structurally simple organisms that lack membrane-bound organelles such as a nucleus or mitochondria. Despite this, they are highly efficient and adaptable, occupying a wide range of environments, from extreme conditions to the human gut. Their organisation is not random; each component directly supports survival, reproduction and adaptation. For example, genetic material is located in the nucleoid region and controls cellular activities, while processes such as energy production occur at the cell membrane or in the cytoplasm.
Overall, prokaryotic cells show a strong relationship between structure and function. Although they lack specialised organelles, they carry out all essential life processes through efficient structural adaptations. This organisation enables them to survive and respond effectively to their environment, highlighting that every cellular component contributes to overall cell function.


Checks for understanding 
[bookmark: _Check_for_understanding_4][bookmark: _Ref228289113]Check for understanding 1 (1.3 PPT)
Display 1.3 PPT ‘Check for understanding 1’ (2 slides) to check students’ understanding of structures in prokaryotic cells.
Question: Name 5 structures that can be found in prokaryotic cells.
Check for understanding 1 sample response
Answers may include any 5 of the following structures found in prokaryotic cells.
Ribosome
Cytoplasm
Nucleoid
Cell/plasma membrane
Plasmid 
DNA
Cell wall
Capsule
Flagellum
Pilus
[bookmark: _Check_for_understanding_5][bookmark: _Ref228289029]Check for understanding 2 (1.3 PPT)
Use slide 1.3 PPT ‘Check for understanding 2’ to check students’ understanding of the function of structures in prokaryotic cells.
Figure 2 – structures in prokaryotic cells and their functions
[image: A screenshot of the slide containing the checkpoint where students match the organelle to its function.]
Check for understanding 2 sample response
Figure 3 – sample response, match the structure to its function
[image: he sample responses for the checkpoint with the organelle matched to its function. 
Capsule: Provides protection from environmental conditions and prevents the cell from drying out.
Pili: Helps the cell stick to surfaces.
Nucleoid: Region in the cytoplasm where DNA is located.
Ribosome: Site for protein synthesis.
Cell wall:  Provides structural support and protection to the cell.]

[bookmark: _1.4_Structure_and][bookmark: _Toc242881351]1.4 Structure and function of eukaryotic cells
Students will learn about the structure and function of eukaryotic cell components.
Table 11 – learning intentions and success criteria
	We are learning:
	I can:

	to explain the function of structures found in eukaryotic cells
	describe the main structures of eukaryotic cells including cell wall, cell membrane, cytoplasm, nucleus, mitochondria, chloroplast, endoplasmic reticulum, Golgi body, ribosomes, lysosome and vacuole using correct scientific terminology
explain the function of each structure in relation to cell survival and reproduction

	to select and process data and information.
	correctly draw and label a diagram of a eukaryotic cell.


[bookmark: _Toc242881352]Lesson sequence instructions
Activate
1. Activate students’ prior knowledge of eukaryotic cells using slide 1.4 PPT ‘Eukaryotic cells’. Ask students to answer the questions on the slide. Pose questions one at a time; pause and select a non-volunteer to answer. 
Table 12 – eukaryotic cells
	Question
	Sample response

	What is a eukaryotic cell?
	A eukaryotic cell is a type of cell that contains a true nucleus enclosed by a membrane, as well as other membrane-bound organelles such as mitochondria, chloroplasts (in plants), and the Golgi body (apparatus).

	Where can eukaryotic cells be found?
	Eukaryotic cells are found in animals, plants, fungi and protists.

	List 2 structures that can be found in both prokaryotic and eukaryotic cells.
	The cell membrane and ribosomes.


If students are struggling with responses to the questions, revisit 1.1 Prokaryotic and eukaryotic cells.
Core learning
1. Show slide 1.4 PPT ‘Eukaryotic cell structure and function (1 of 15)’ and reinforce that both plant and animal cells are eukaryotic. Explain that they contain organelles with similar structures and functions, as well as some organelles unique to each cell type.
1. Clarify that a cell organelle is a specialised structure within a cell that performs a specific function necessary for the cell to survive and operate effectively. These specialised organelles enable plant and animal cells to perform the essential processes required for life.
Note: as students need to learn the structure and function of multiple cell organelles, use chunking and sequencing as effective explicit teaching (ET) strategies to support learning and reduce cognitive load. Introduce a small number of organelles at a time, focusing on their key structural features and functions. After each chunk, pause to check students’ understanding using brief questioning, retrieval practice or quick formative assessment before introducing the next group of organelles. This allows students to consolidate their learning progressively and address misconceptions before moving on.
1. Use 1.4 PPT ‘Eukaryotic cell structure and function (slides 1 to 7b of 15)’ to demonstrate the structure and function of each organelle. The slides include supporting notes outlining the key structural features and functions of each organelle. As you discuss each organelle, emphasise the relationship between structure and function, and guide students to connect each organelle to the specific biological processes it supports.
1. During the discussion, instruct students to label each organelle on the plant and animal cell diagrams provided in the Student resource – eukaryotic cell structure and function. Ask students to record the key structural features and functions of each organelle in the table provided in Student resource – eukaryotic cell structure and function.
1. After slide 1.4 PPT ‘Eukaryotic cell structure and function (7b of 15)’, use Check for understanding 1 (1.4 PPT) to check students’ understanding of eukaryotic cell organelles and address any misconceptions.
1. Continue the discussion through the remaining slides up to slide 1.4 PPT ‘Eukaryotic cell structure and function (13 of 15)’. Use Sample response – student resource – eukaryotic cell structure and function to discuss responses to the questions in the student resource.
Differentiation: 1.4 PPT ‘Eukaryotic cell structure and function (slides 13–15 of 15)’provide information on the cytoskeleton, peroxisomes and amyloplasts. These slides are optional and can be used to extend students.
1. Display slide 1.4 PPT ‘Structure of a plant cell’ and ask students to check the labels on the diagram. Reinforce the key structural features of plant cells, including their rectangular shape, which is due to the presence of a rigid cell wall. Guide a discussion on the following features of plant cells:
Plant cells contain a large vacuole filled with water, nutrients and waste materials, which also helps maintain the cell’s shape by regulating water balance and internal pressure.
Plant cells contain chloroplasts, which carry out photosynthesis, and the number of chloroplasts varies depending on the cell’s location and function. For example, leaf cells generally contain more chloroplasts than stem cells because they are the primary site of photosynthesis.
1. Display slide 1.4 PPT ‘Structure of an animal cell’ and ask students to check the labels on the diagram and think how the 2 cells are similar and different. Reinforce the key structural features of animal cells, including their generally irregular or rounded shape due to the absence of a rigid cell wall. Guide a discussion on the following features of animal cells:
Animal cells are surrounded by a flexible cell membrane rather than a rigid cell wall, allowing them to change shape and providing greater flexibility in cell movement and function.
Animal cells may contain small vacuoles involved in storing and transporting substances. They also contain lysosomes, which contain enzymes that break down and recycle cellular waste and worn-out cell components.
1. Emphasise that animal cells do not contain chloroplasts, as they do not carry out photosynthesis.
1. Use Check for understanding 2 (1.4 PPT) to check students’ understanding of eukaryotic cells and their organelles.
1. Ask students to write answers to the questions provided in the Student resource – eukaryotic cell organelles. Use Sample response – student resource – eukaryotic cell organelles to review and discuss students’ answers, clarify any misconceptions and reinforce the relationship between organelle structure and function.
Consolidate
1. Ask students to imagine a eukaryotic cell as a high school. Instruct them to choose one organelle and match it to a real-life school role, place or system. Provide an exit slip or a mini whiteboard for students to explain the following:
the organelle’s function
the school analogy
why the analogy is appropriate.
Encourage students to use correct biological vocabulary in their explanations. Collect responses at the end of the lesson to assess their understanding of organelle structure and function. A sample response is provided below:
Table 13 – eukaryotic cell as a school: organelle function analogy
	Cell organelle
	School analogy
	Why does the analogy fit?

	Nucleus
	Principal
	Manages school activities and provides important information to run the school.

	Cell membrane
	School gates
	Controls what enters and leaves the cell.

	Golgi body
	Front office
	Packages and distributes materials.


[bookmark: _Ref230941136]

[bookmark: _Student_resource_–_20][bookmark: _Ref239159111][bookmark: _Toc242881353]Student resource – eukaryotic cell structure and function
Answer the following questions:
1. Label the following diagrams:
	Figure 1 – unlabelled diagrams of plant and animal cells
[image: An unlabelled diagram of a plant cell.]
Plant cell
[image: An unlabelled diagram of an animal cell.]
Animal cellThis work was generated using BioRender.com. Any copyright subsisting in this work is owned by © State of New South Wales (Department of Education) 2026.



Use the table below to list the key characteristics of cell organelles in eukaryotic cells:
Table 1 – structure and function of cell organelles
	Cell organelle
	Structure
	Function

	Cell membrane
	
	

	Cell wall 
	
	

	Cytoplasm
	
	

	Nucleus
	
	

	Mitochondria
	
	

	Chloroplast
	
	

	Vacuole
	
	

	Endoplasmic reticulum (ER)
	
	

	Golgi body (apparatus)
	
	

	Ribosome
	
	

	Lysosome
	
	




[bookmark: _Sample_response_–_9][bookmark: _Ref230941706]Sample response – student resource – eukaryotic cell structure and function
1. Label the following diagrams:
	Figure 1 – sample response, labelled diagrams of plant and animal
[image: A labelled diagram of a plant cell. The labels are: Nucleus, Nucleolus, Ribosomes, Rough endoplasmic reticulum, Smooth endoplasmic reticulum, Golgi apparatus, Cell wall, Cell membrane, Peroxisome, Chloroplast, Amyloplast, Mitochondrion, Vacuole, Cytoskeleton.]
Plant cell
[image: Labelled diagram of animal cell showing  the light purple cell membrane on the outside. Inside the cell is pale purple colour filling the cell and depicting cytoplasm. Inside contains cell organelles including nucleus and endoplasmic reticulum in light purple, Golgi body in dark pink, 3 pink mitochondria, 2 pink/purple lysosomes, small pale blue vacuole and 2 purple peroxisomes, dotted ribosomes and cytoskeleton. ]
Animal cellThis work was generated using BioRender.com. Any copyright subsisting in this work is owned by © State of New South Wales (Department of Education) 2026.



Use the table below to list the key characteristics of cell organelles in eukaryotic cells:
Table 1 – sample response, structure and function of cell organelles
	Cell organelle
	Structure
	Function

	Cell membrane
	Thin, flexible boundary that surrounds the cell and separates its internal environment from the outside environment. It is mainly made of a phospholipid bilayer containing proteins, cholesterol and carbohydrate chains.
	Controls what enters and leaves the cell because it is semipermeable. This helps regulate the movement of water, ions, nutrients and waste products and helps maintain stable internal conditions.

	Cell wall 
	Rigid outer layer surrounding the cell membrane in plant cells. It is made up of cellulose in plant cells and chitin in fungal cells. 
	Provides strength, support and protection, helping maintain cell shape. It protects the cell from bursting when excess water enters through osmosis. Because of its porous structure, it allows many substances to pass through.

	Cytoplasm
	Semifluid material that fills the space inside the cell. It lies between the cell membrane and the nucleus. It is composed of water, salts and various organic molecules. 
	Provides a medium in which many of the cell’s chemical reactions and metabolic processes take place. It also supports and suspends the organelles, allowing them to remain in their appropriate positions within the cell. Substances can move through the cytoplasm, enabling materials such as nutrients and waste products to be transported between different parts of the cell.

	Nucleus
	Large membrane-bound organelle that contains the genetic material (DNA). Surrounded by a double-layered nuclear membrane containing pores and the nucleolus, which is composed of proteins. It is surrounded by a nuclear envelope, which separates the DNA from the cytoplasm and contains nuclear pores that regulate the movement of substances into and out of the nucleus. It contains the nucleolus which produces components needed to make ribosomes.
	The DNA contains the instructions for making proteins and controls many of the cell’s activities, including growth, metabolism and reproduction. The nucleus therefore acts as a cell’s control centre, coordinating cellular activities by regulating gene expression.

	Mitochondria
	Membrane-bound kidney-shaped structure surrounded by an outer membrane and an inner membrane. The inner membrane folds into cristae that enclose the matrix, and contains enzymes, double-stranded DNA and ribosomes to make proteins.
	Site of aerobic cellular respiration. It uses glucose and oxygen to produce Adenosine triphosphate (ATP), an energy form, that the cell can use for growth and molecule synthesis. Cells with high energy needs such as muscle cells contain many mitochondria.

	Chloroplast
	A membrane-bound organelle found in plants and many protists. It contains the green pigment chlorophyll, which absorbs light energy for photosynthesis. A chloroplast is surrounded by an outer membrane and an inner membrane. Inside, it contains disc-shaped sacs called thylakoids, which contain chlorophyll and electron transport proteins involved in the light-dependent reactions of photosynthesis. Thylakoids are arranged in stacks called grana (singular: granum), which are suspended in a fluid-filled region called the stroma. Chloroplasts also contain their own DNA and ribosomes, enabling them to synthesise some of their own proteins.
	Traps light energy, which is used to carry out the process of photosynthesis using carbon dioxide and water. Thylakoids increase surface area for greater light absorption and provide a site for photosynthetic reactions.

	Vacuole
	Membrane-bound organelle that stores substances such as water, dissolved nutrients, sugars, ions and waste products. In plant cells, the vacuole is usually a large, central structure surrounded by a membrane. 
	Stores water, nutrients, enzymes and waste materials and isolates potentially harmful substances. In plant cells, it helps maintain turgor pressure by storing water and causing the cell contents to press against the cell wall. This provides structural support and helps the plant maintain its shape. In animal cells, vacuoles are generally smaller and temporary and may store or transport materials.

	Endoplasmic reticulum (ER)
	A network of intracellular membranes found in the cytoplasm. It forms flattened sacs and tubes that are continuous with the nuclear envelope. Rough endoplasmic reticulum has ribosomes attached, while smooth endoplasmic reticulum does not.
	Production, processing and transport of substances within the cell; rough ER is involved in synthesis and processing of proteins while smooth ER is involved in production of phospholipids.

	Golgi body
	Membrane-bound organelle consisting of a series of flattened membrane-bound sacs called cisternae. It is located in the cytoplasm near the endoplasmic reticulum. In plant cells, many small stacks of cisternae are distributed throughout the cytoplasm.
	Receives proteins and lipids from the endoplasmic reticulum. It modifies, sorts and packages proteins and lipids in small membrane-bound vesicles for transport within or out of the cell. It also produces some specialised molecules, including certain carbohydrates, and contributes to lysosome formation in animal cells.

	Ribosome
	Small, non-membrane-bound structure, present in large numbers in cells. It is made of ribosomal RNA (rRNA) and protein, approximately 20-30 nm in diameter and consists of 2 subunits that work together to build proteins. Ribosomes can be found free in the cytoplasm or attached to the rough endoplasmic reticulum in eukaryotic cells.
	Site of protein synthesis. They assemble amino acids into proteins by translating the instructions carried by messenger RNA (mRNA).

	Lysosome
	Small, membrane-bound organelles containing digestive enzymes. These structures are found in the cytoplasm of animal cells.
	Break down and recycle waste materials, damaged organelles and foreign substances within the cell. Lysosomes also help protect the cell by breaking down harmful substances and cellular waste.




[bookmark: _Student_resource_–_21][bookmark: _Toc242881354]Student resource – eukaryotic cell organelles
Answer the following questions.
1. Identify the groups of organelles in eukaryotic cells responsible for the following functions:
protection
making and transporting enzymes
energy transformations
maintaining cell shape.
	


What would happen to the plant cell if its vacuole were removed?
	


Explain how the nucleus, mitochondria and chloroplast enable essential life processes in cells.
	


A pancreatic cell produces large amounts of digestive enzymes that must be modified, packaged and transported to other parts of the body. A scientist observes that the cell is producing proteins normally in the ribosomes, but the proteins are not being packaged or secreted properly.
Which organelle is most likely malfunctioning in this cell? Justify your answer.
	


The scientist later observes another pancreatic cell that is unable to produce digestive enzymes or many other proteins required for normal cellular function. As a result, the cell begins to malfunction and eventually dies. Explain the most likely cause of this malfunction.
	




[bookmark: _Sample_response_–_10][bookmark: _Ref230941641][bookmark: _Ref230941727]Sample response – student resource – eukaryotic cell organelles
1. Identify the groups of organelles in eukaryotic cells responsible for the following functions:
protection
making and transporting enzymes
energy transformations
maintaining cell shape.
	Protection – cell membrane, cell wall (in plant cells)
Making and transporting enzymes – ribosomes, rough endoplasmic reticulum, Golgi body
Energy transformations – mitochondria, chloroplast (in plant cells)
Maintaining cell shape – cytoskeleton, cell wall and vacuole (in plant cells)


What would happen to the plant cell if its vacuole were removed?
	If a plant cell's vacuole were removed, the cell would lose most of its stored water and would no longer maintain turgor pressure. This would make cells flaccid (limp or shrunken), and the plant would lose support and may wilt. Water, nutrient and waste storage would decrease, and normal cell functions could be disrupted, leading to cell death.


Explain how the nucleus, mitochondria and chloroplast enable essential life processes in cells.
	The nucleus, mitochondria and chloroplast are important organelles that carry out vital functions necessary for life. The nucleus acts as the cell’s control centre by containing genetic material (DNA) and regulating cell activities such as growth, reproduction and protein synthesis. Mitochondria carry out cellular respiration, converting energy stored in food into usable energy in the form of ATP to power cell activities. Chloroplasts, found in plant cells, carry out photosynthesis by using sunlight, carbon dioxide and water to produce glucose and oxygen. Together, these organelles help cells control activities, obtain energy and produce the food needed for survival.


A pancreatic cell produces large amounts of digestive enzymes that must be modified, packaged and transported to other parts of the body. A scientist observes that the cell is producing proteins normally in the ribosomes, but the proteins are not being packaged or secreted properly.
Which organelle is most likely malfunctioning in this cell? Justify your answer.
	The organelle most likely malfunctioning is the Golgi body (Golgi apparatus). The Golgi body is made up of stacked, flattened membrane sacs called cisternae. These membranes provide a large surface area for processing and packaging proteins into vesicles for transport to other parts of the cell or outside the cell. If the Golgi body is not functioning properly, proteins may not be correctly processed or secreted from the cell.


The scientist later observes another pancreas cell that is unable to produce digestive enzymes or many other proteins required for normal cellular function. As a result, the cell begins to malfunction and eventually dies. Explain the most likely cause of this malfunction.
	The most likely cause of this malfunction is damaged or non-functioning ribosomes. Ribosomes produce proteins, including digestive enzymes and other proteins needed for normal cell function. Without functional ribosomes, the cell cannot produce the proteins required for growth, repair and metabolism. As a result, essential cellular processes fail, causing the cell to malfunction and eventually die.




[bookmark: _Toc242881355]Teaching advice
Teach this syllabus content point before ‘Contrast the cell structure and organelles of plant and animal cells based on the function of the cell’, as it provides the foundational knowledge needed to compare plant and animal cells. Students must first understand the structure and function of individual organelles before analysing how they contribute to the specialised functions of different cell types.
Teaching should emphasise the relationship between organelle structure and function in eukaryotic cells. Use visual models, labelled diagrams, microscopy images and simulations to help students identify organelles and link their structural features to specific cellular processes. 
Eukaryotic cells are characterised by membrane-bound organelles that perform specialised functions required for the survival of the cell and the organism. Understanding the relationship between organelle structure and function is essential for students to explain how cells carry out processes such as energy production, protein synthesis, transport, storage and waste removal. The focus should be on how organelles work both independently and collectively to carry out essential functions. 
Comparing plant and animal cells can highlight the presence or absence of organelles such as chloroplasts, cell walls and large vacuoles. Activities that require students to predict the effects of malfunctioning organelles on cell function can further develop higher-order thinking and reinforce the concept that organelles work together as an interconnected system within the cell.
Background information 
Eukaryotic cells contain membrane-bound organelles that perform specialised functions essential for survival. Understanding the relationship between organelle structure and function helps students explain how cells carry out processes such as energy production, protein synthesis, transport, storage and waste removal. Organelles function both independently and as part of an interconnected system to maintain cellular processes.
The cell membrane is a selectively permeable phospholipid bilayer that surrounds the cell and regulates the movement of substances into and out of the cell. Its embedded proteins assist with transport, communication and recognition. In plant, fungal and some protist cells, the cell wall provides additional support, protection and shape. Plant cell walls are primarily composed of cellulose.
The cytoplasm consists of the cytosol and suspended organelles. It is the site of many metabolic reactions and facilitates the movement of materials within the cell. The nucleus contains the genetic material (DNA), organised into chromosomes, and controls cellular activities through gene expression. The nuclear membrane regulates the exchange between the nucleus and the cytoplasm.
Mitochondria are the sites of aerobic cellular respiration and ATP production. Their folded inner membrane (cristae) increases the surface area for energy-producing reactions. Chloroplasts, found in plant cells and some protists, contain chlorophyll and are the sites of photosynthesis. Their internal membrane system, including thylakoids stacked into grana, maximises light absorption.
The endoplasmic reticulum (ER) is a membrane network involved in synthesis and transport. Rough ER contains ribosomes and is associated with protein synthesis and transport, whereas smooth ER synthesises lipids and detoxifies substances. Ribosomes are the sites of protein synthesis and may be free in the cytoplasm or attached to rough ER.
The Golgi body processes and packages proteins and lipids into vesicles for transport or secretion. Its flattened membrane sacs enable efficient processing and distribution of cellular products. Lysosomes contain digestive enzymes that break down waste materials, worn-out organelles and foreign substances, supporting intracellular digestion and recycling. Vacuoles are membrane-bound storage sacs that hold water, nutrients and waste. In plant cells, the large central vacuole maintains turgor pressure and provides structural support.


Checks for understanding 
[bookmark: _Check_for_understanding_6][bookmark: _Ref236217945]Check for understanding 1 (1.4 PPT)
Question: Which of the following sets of cell organelles contain their own DNA?
A. lysosome, chloroplast, mitochondria
B. nucleus, chloroplast, mitochondria
C. vacuole, nucleus, mitochondria
D. ribosome, Golgi body, nucleus
Check for understanding 1 sample response
A. lysosome, chloroplast, mitochondria
B. nucleus, chloroplast, mitochondria
C. vacuole, nucleus, mitochondria
D. ribosome, Golgi body, nucleus
Table 14 – explanation of the understanding and misconceptions students may have based on their response to Check for understanding 1 question
	Response
	Explanation

	A
	Incorrect because lysosomes do not have their own DNA, although chloroplasts and mitochondria do. 

	B
	This is the correct response.

	C
	Incorrect because vacuoles do not have their own DNA, although chloroplasts and mitochondria do.

	D
	Incorrect because the ribosome and Golgi body do not have their own DNA although the nucleus does.




[bookmark: _Check_for_understanding_7][bookmark: _Ref236217902]Check for understanding 2 (1.4 PPT)
Match the organelle with its function.
Figure 4 – check for understanding where students match the organelles to its function
[image: A screenshot of the slide containing the checkpoint where students match the organelle to its function.]
Check for understanding 2 sample response
Figure 5 – sample response with the organelles matched to their function
[image: A screenshot of the slide containing the checkpoint where students match the organelle to its function, with arrows providing the answer.]

[bookmark: _1.5_Plant_and][bookmark: _Ref235774622][bookmark: _Toc242881356]1.5 Plant and animal cells
[bookmark: _Student_resources]Students learn about the structures of plant and animal cells and compare their organelles in relation to their functions.
Table 15 – learning intentions and success criteria
	We are learning:
	I can:

	to contrast the structure and function of plant and animal cells
	identify the structures found in plant and animal cells
describe the functions of structures found in plant and animal cells
relate the structure of plant and animal cells to their function

	to select and process data and information
	use a table and a Venn diagram to represent and compare plant and animal cells

	to communicate understanding using scientific language and terminology.
	construct a written response to an examination-style question to communicate understanding
use correct and precise scientific terminology in a response
use connectives/cohesive devices to create cohesion in a response.


[bookmark: _Toc242881357]Lesson sequence instructions
Activate
1. Activate students’ prior knowledge by displaying plant and animal cell diagrams using slide 1.5 PPT ‘Plant and animal cell (1 of 2)’ and asking students to answer the questions on plant and animal cells.
Provide students with a printed copy of the Student resource – plant and animal cells. Ask students to independently answer the questions. After 5 minutes, use slide 1.5 PPT ‘Plant and animal cell (2 of 2)’ to review and discuss the answers as a class.
Clarify any misconceptions and reinforce the structural differences between plant and animal cells. Sample responses are also provided in the Sample response – student resource – plant and animal cells.
Core learning
Plant and animal cells
1. Show students slide 1.5 PPT ‘Compare and contrast’ and explain that understanding the verbs ‘compare’ and ‘contrast’ is important for creating structured responses to questions. ‘Compare’ means to identify similarities between 2 or more things. ‘Contrast’ means to identify differences between 2 or more things. Explain that when we compare 2 things, we also contrast them, because comparison involves identifying both similarities and differences.
1. When comparing plant and animal cells, it is important to describe the features they share, such as the nucleus, cell membrane, cytoplasm and mitochondria. Reinforce the use of cohesive words to show comparison, such as both, similarly, however, whereas, and in contrast. Model a simple example by thinking aloud, such as: ‘Both plant and animal cells contain a nucleus; however, only plant cells contain chloroplasts’. Reinforce that effective ‘compare and contrast’ responses should link structural differences to cellular function rather than simply listing organelles.
1. Explain to students that they have already explored the detailed structure and function of plant and animal cells in 1.4 Structure and function of eukaryotic cells. Prompt students to consider the tools they can use to compare plant and animal cells. Show 1.5 ‘Using Venn diagrams to compare and contrast plant and animal cells (1 of 2)’. Remind students that they used Venn diagrams in 1.1 Prokaryotic and eukaryotic cells to compare prokaryotic and eukaryotic cells and explain that the same tool can identify similarities and differences between plant and animal cells.
1. Provide students with printed copies of the Venn diagram in the Student resource – compare plant and animal cells and allow approximately 10 minutes for students to complete it independently. After 10 minutes, display 1.5 ‘Using Venn diagrams to compare and contrast plant and animal cells (2 of 2)’ and discuss the similarities and differences as a class and clarify any misconceptions where necessary. A sample response is also provided in the Sample response – student resource – compare plant and animal cells.
Specialised cells
1. Use slide 1.5 PPT ‘Cell specialisation’ to explain the concept of cell specialisation.
All multicellular organisms (plants and animals) are made of cells, but not all cells have the same structure or function. While they share a basic structure and often contain the same genetic material, they can develop different structures and functions depending on their role in the organism. This process is called specialisation. Specialised cells develop unique features that enable them to carry out specific functions, helping the organism survive and function effectively.
1. Use slide 1.5 PPT ‘Specialised animal cells’ to show examples of specialised cells in animals. Ask students to identify differences in cell structure and shape. Prompt them to consider why the cells are different. Guide students to relate differences in structure to the cell’s function. Point out the cell’s unique features and relate them to its functions. For example:
Neurons have long axons and branched dendrites to transmit signals (electrical impulses) throughout the body.
Sperm cells have a long tail to swim to the egg cell. They contain a large number of mitochondria to provide energy for this movement.
Epithelial cells in the small intestine have microvilli to increase surface area for absorption of digested nutrients.
Red blood cells have a biconcave shape and lack a nucleus to transport oxygen around the body efficiently.
Neutrophils (white blood cells) have enzyme-filled granules to destroy pathogens.
1. Use slide 1.5 PPT ‘Specialised plant cells’ to show examples of specialised plant cells. Ask students to identify differences in cell structure and shape. Prompt them to consider why the cells differ. Encourage them to relate structural differences to each cell’s function. Point to the unique features of each cell and relate them to their function. For example:
Root hair cells have long, hair-like extensions that increase their surface area, allowing the plant to absorb more water and mineral ions from the soil.
Guard cells are bean-shaped and have an unevenly thickened cell wall that allows stomata to open and close for gas exchange and water regulation.
Palisade cells contain many chloroplasts to carry out photosynthesis.
Xylem vessels are hollow tubes that transport water and minerals from roots to different parts of the plant.
Phloem tissue has sieve tubes with perforated sieve plates to transport sugars.
1. Use Check for understanding 1 (1.5 PPT) to check students’ understanding of cell specialisation.
1. Use slide 1.5 PPT ‘Specialised animal cell – Neuron’ to guide a discussion on the detailed structural features and functions of a neuron/nerve cell and slide 1.5 PPT ‘Specialised animal cell – Sperm’ to discuss the detailed structure and function of a sperm cell. 
Nerve cells have a long axon and branched dendrites, enabling them to transmit messages quickly and efficiently throughout the body. 
In contrast, sperm cells contain many mitochondria to provide the energy needed for movement, and a long, tail-like flagellum to help them swim through the female reproductive tract. 
Both cell types have a nucleus, cell membrane and cytoplasm.
1. Use slide 1.5 PPT ‘Specialised plant cell-Root hair cell’ to guide a discussion on the detailed structure and function of root hair cells and slide 1.5 PPT ‘Specialised plant cell-Palisade cell’ to discuss the structure and function of palisade cells. 
Root hair cells have long extensions that increase surface area for absorbing water and minerals from the soil. They have a large vacuole that helps maintain the concentration gradient that supports water uptake, and mitochondria that provide energy for mineral absorption. Root hair cells do not contain chloroplasts; in contrast, palisade cells are packed with chloroplasts to maximise sunlight absorption for photosynthesis. Palisade cells also have a large vacuole, which pushes chloroplasts towards the cell edge where they can absorb light more efficiently.
1. Show slide 1.5 PPT ‘Comparison of cell structure and function (1 of 4)’. Jointly deconstruct this question using the CUBE strategy. Refer to the relevant slides in 1.3 PPT for additional guidance and support materials.
First, look at the verb(s). Compare means showing how things are similar and/or different. Contrast means how things are different or opposite. Emphasise that a thorough comparison should include both similarities and differences, rather than focusing on one aspect, while contrast includes differences.
The content identified is the structure and function of cells, which means students need to describe the cell's physical features and explain how these features help the cell perform its specific functions.
The limiting factor identified in the question is the nerve cell and the sperm cell. This means students need to compare the structure and function of the nerve cell with those of the sperm cell. Although there are no plurals in the question, the word ‘and’ indicates that the response must include information about both cells.
The question does not require examples of organisms; however, students are expected to identify similarities and differences between the 2 cells using comparison connectives such as both, however and whereas.
Lead a class discussion on the structural features of each cell and how these features relate to their functions. Model the steps needed to plan an effective response by organising similarities and differences and linking each structural adaptation to its specific function, taking into consideration the points discussed above.
Use slide 1.5 PPT ‘Comparison of cell structure and function (2 of 4)’ to model thinking needed in a sample response. Provide students with a printed copy of the Student resource – comparison of cell structure and function and ask them to annotate the sample response. Discuss the scientific terminology and cohesive words that demonstrate comparison, such as both, however and whereas. Ask students to answer question 3 in the Student resource – comparison of cell structure and function independently. Then display slides 1.5 PPT ‘Comparison of cell structure and function (3 and 4 of 4)’’ to review and discuss the annotations for both the question and the response. Sample responses are provided in the Sample response – student resource – comparison of cell structure and function.
Check students’ understanding using Check for understanding 2 (1.5 PPT) and go through the cloze passage one sentence at a time. Have students write the missing words on mini whiteboards and display their responses after each sentence. Further information on this strategy can be found on Checking for understanding – response systems.
Consolidate
1. Provide students with a copy of the Student resource – using a table to compare plant and animal cells and ask them to compare plant and animal cells using the provided table. Allow students about 5 minutes to complete this activity independently.
1. Review and discuss the responses as a class using slide 1.5 PPT ‘Using a table to compare plant and animal cells’ together with the Sample response – student resource – using a table to compare plant and animal cells.


[bookmark: _Student_resource_–_22][bookmark: _Ref230989754][bookmark: _Toc242881358]Student resource – plant and animal cells
Use the diagram provided below to answer the questions that follow:
	[image: Line drawing diagram of a plant cell showing key organelles including a large central vacuole, nucleus, mitochondria, chloroplasts, and endoplasmic reticulum. The diagram uses simple black outlines to highlight cell structure and internal components.][image: Line drawing of a typical animal cell showing key organelles including nucleus, mitochondria, Golgi apparatus, endoplasmic reticulum, lysosomes, and centrioles. The diagram highlights cell structure with clear outlines and distinct shapes representing each component within the oval cell boundary.]Figure 1 – animal and plant cell diagramsPlant cell diagram published by SuperColoring under CC BY-NC 4.0 license.
Animal cell diagram published by SuperColoring under CC BY-NC 4.0 license.
Cell B
Cell A



1. Identify Cell A and Cell B as a plant or animal cell.
	


Label the cell wall, cell membrane, cytoplasm and nucleus on each cell.
State one similarity and one difference between the 2 cells.
	




[bookmark: _Sample_response:_Student][bookmark: _Ref230990942][bookmark: _Ref230989788]Sample response – student resource – plant and animal cells
Use the diagram provided below to answer the questions that follow:
	Figure 1 – sample response, animal and plant cell diagrams [image: Line drawing diagram of a plant cell showing key organelles including a large central vacuole, nucleus, mitochondria, chloroplasts, and endoplasmic reticulum. The diagram uses simple black outlines to highlight cell structure and internal components.][image: Line drawing of a typical animal cell showing key organelles including nucleus, mitochondria, Golgi apparatus, endoplasmic reticulum, lysosomes, and centrioles. The diagram highlights cell structure with clear outlines and distinct shapes representing each component within the oval cell boundary.]Cell A
Cytoplasm
Nucleus
Cell membrane
Cell wall
Plant cell diagram published by SuperColoring under CC 4.0 license.
Animal cell diagram published by SuperColoring under CC 4.0 license.
Cell B



1. Identify Cell A and Cell B as a plant or animal cell.
	Cell A is a plant cell.
Cell B is an animal cell


Label the cell wall, cell membrane, cytoplasm and nucleus on each cell.
	See above diagrams for the answer.


State one similarity and one difference between the 2 cells.
	Both plant and animal cells have a cell membrane. Plant cells have a cell wall, whereas animal cells do not.




[bookmark: _Student_resource_–_23][bookmark: _Toc242881359]Student resource – compare plant and animal cells
Complete the Venn diagram provided below to compare plant and animal cells.
[image: A double Venn diagram to compare plant cells and animal cells.]


[bookmark: _Sample_response_–_11][bookmark: _Ref230992739]Sample response – student resource – compare plant and animal cells
[image: Venn diagram compares plant and animal cell characteristics, using cyan and magenta circles to show unique and shared features. Plant-only traits include cellulose cell wall, chloroplasts, large permanent vacuole, and regular shape; shared traits include cell membrane, cytoplasm, nucleus, mitochondria, ribosomes, Golgi body, and endoplasmic reticulum; animal-only traits include no cell wall or chloroplasts, small temporary vacuole, irregular shape, and lysosomes.]


[bookmark: _Student_resource_–_24][bookmark: _Ref240406692][bookmark: _Toc242881360]Student resource – comparison of cell structure and function
1. Use the CUBE method to unpack the following question. Add annotations as you unpack it.
	Compare the structure and function of a neuron/nerve cell and a sperm cell.


Annotate the sample response provided below. Highlight the scientific terminology and the cohesive words used in the sample response.
	A nerve cell (neuron) and a sperm cell are both specialised cells, but they have very different structures because they perform different functions. A nerve cell is adapted to carry electrical signals around the body. It has a long shape with branches called dendrites that receive signals, and a long axon that carries signals to other cells. This long structure helps messages travel quickly over long distances. A sperm cell is adapted to reach and fertilise an egg cell. It has a head that contains genetic material and enzymes to help enter the egg, a middle piece packed with mitochondria to release energy, and a tail that helps it swim towards the egg.
In summary, the nerve cell is designed for fast communication, while the sperm cell is designed for movement and fertilisation, and their structures are closely linked to these functions.


Use the CUBE method to unpack and annotate the following question and write a response for this question.
	Compare the structure and function of a root hair cell and a palisade tissue cell.




[bookmark: _Sample_response_–_12][bookmark: _Ref240406901][bookmark: _Ref230993189]Sample response – student resource – comparison of cell structure and function
1. Use the CUBE method to unpack the following question. Add annotations as you unpack it.
Figure 1 – sample response unpacking the compare question using CUBE
[image: A sample response unpacking the question 'Compare the structure and function of a nerve cell and a sperm cell.' using CUBE. This shows that compare is the key verb, structure and function have been underlined as important concepts to address and specifically related to nerve cells and sperm cells.]
Annotate the sample response provided below. Highlight the scientific terminology and the cohesive words used in the sample response.
Figure 2 – sample written text comparing the structure and function of nerve cells and sperm cells
[image: A sample response reading 'A nerve cell (neuron) and a sperm cell are both specialised cells, but they have very different structures because they perform different functions. A nerve cell is adapted to carry electrical signals around the body. It has a long shape with branches called dendrites that receive signals, and a long axon that carries signals to other cells. This long structure helps messages travel quickly over long distances. A sperm cell is adapted to reach and fertilise an egg cell. It has a head that contains genetic material and enzymes to help enter the egg, a middle piece packed with mitochondria to release energy, and a tail that helps it swim towards the egg.
In summary, the nerve cell is designed for fast communication, while the sperm cell is designed for movement and fertilisation, and their structures are closely linked to these functions.']
Use the CUBE method to unpack and annotate the following question and write a response for this question.
Figure 3 – sample response unpacking the compare question using CUBE
[image: A compare question unpacked using the CUBE strategy highlighting compare as the key term, structure and function as important factors for consideration, and the cells to compare are root hair cell and palisade tissue cell.]
Figure 4 – sample response to the compare question
[image: A sample response reading 'A root hair cell and a palisade tissue cell are both specialised plant cells, but they are adapted for different functions. A root hair cell is specialised for the absorption of water and mineral ions from the soil. It has a long, thin hair-like extension that increases the surface area for absorption. It also contains a large vacuole with cell sap, which helps draw water into the cell by osmosis. In contrast, a palisade tissue cell is specialised for photosynthesis and is found in the upper part of the leaf. It contains many chloroplasts with chlorophyll to absorb light energy for photosynthesis. The cells are long and closely packed together to maximise light absorption. A large vacuole helps maintain the cell shape and pushes chloroplasts closer to the edge of the cell for efficient light absorption. In summary, the root hair cell is adapted for absorbing water and minerals, while the palisade tissue cell is adapted for photosynthesis. Their structures are closely related to their specific functions.'
]


[bookmark: _Student_resource_–_25][bookmark: _Toc242881361]Student resource – using a table to compare plant and animal cells
Complete the table below to compare plant and animal cells.
Table 1 – structure and function of plant and animal cells
	Feature 
	Plant cell
	Animal cell

	Cell wall
	
	

	Cell membrane
	
	

	Nucleus
	
	

	Cytoplasm
	
	

	Mitochondria
	
	

	Chloroplast
	
	

	Vacuole
	
	

	Shape
	
	




[bookmark: _Sample_response_–_13][bookmark: _Ref230993210]Sample response – student resource – using a table to compare plant and animal cells
Table 1 – sample response, structure and function of plant and animal cells
	Feature 
	Plant cell
	Animal cell

	Cell wall
	Present 
	Absent

	Cell membrane
	Present
	Present

	Nucleus
	Present
	Present

	Cytoplasm
	Present
	Present

	Mitochondria
	Present
	Present

	Chloroplast
	Present
	Absent

	Vacuole
	Large and permanent
	Small, may be temporary or persistent depending upon the cell type and function

	Shape
	Regular (box-like)
	Irregular or rounded




[bookmark: _Toc242881362]Teaching advice
Teach this content after students have learned 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. This foundational knowledge enables students to compare plant and animal cells and explain how differences in organelle composition relate to cellular function. Use visual comparison tools such as Venn diagrams, comparison tables and annotated diagrams, alongside observation, modelling and the analysis of diagrams or microscopic images, to help students identify similarities and differences between plant and animal cells.
Building on their understanding of organelle function, students should investigate how cellular structures support the functions of plant and animal cells and explore cell specialisation through examples of specialised plant and animal cells. Explicit teaching strategies, such as the gradual release of responsibility model (I do, We do, You do), can help students construct evidence-based compare-and-contrast responses using comparative language such as whereas, while, in contrast and similarly. Joint construction followed by independent practice helps develop both conceptual understanding and scientific literacy. Further information on the gradual release of responsibility model and explicit teaching strategies is available on Explicit teaching – gradual release of responsibility.
Background information
Plant and animal cells are eukaryotic cells that share many organelles, including the nucleus, mitochondria, ribosomes, endoplasmic reticulum, Golgi body, cell membrane and cytoplasm. However, structural differences reflect their functions. Plant cells contain a cell wall, chloroplasts and a large central vacuole, which support photosynthesis, storage and structural support. Animal cells lack these structures but are generally more flexible and specialised for a wider range of functions. Understanding how organelle composition relates to cellular function provides a foundation for exploring cell specialisation in multicellular organisms.


Checks for understanding 
[bookmark: _Check_for_understanding_8][bookmark: _Ref236218016]Check for understanding 1 (1.5 PPT)
Answer the following question:
Question: Explain how the structure of a named specialised cell helps it perform its function.
Check for understanding 1 sample response
A red blood cell is specialised for transporting oxygen around the body. Its biconcave shape increases surface area for oxygen diffusion, and it lacks a nucleus, providing more space for haemoglobin to carry oxygen.
[bookmark: _Check_for_understanding_9][bookmark: _Ref231055413][bookmark: _Ref236218063]Check for understanding 2 (1.5 PPT)
Provide the missing words to complete this cloze passage.
Plant cells have a cell wall, chloroplasts, and a large central ______________, which support their role in producing food through _______________, maintaining ______________, and storing water. The _____ cell wall provides strength and _________, chloroplasts allow plants to capture _______energy to make ________, and the large vacuole helps maintain ____________ pressure, keeping the _______ upright. These features are essential because plants are generally stationary and must rely on their cellular structure for support and ____________ production.
Animal cells, in contrast, lack a ______ _____ and _______________, making them more ______________ in shape. This flexibility supports a wide variety of ____________ roles such as movement, transport, and communication within the organism. For example, muscle cells are adapted for contraction, neurons for rapid signalling, and _____ _______ ______ for efficient oxygen transport. Overall, the structural differences enable plant and animal cells to specialise in ways that support the _____________ and functioning of their multicellular organisms.

Check for understanding 2 sample response
Provide the missing words to complete this cloze passage.
Plant cells have a cell wall, chloroplasts, and a large central vacuole, which support their role in producing food through photosynthesis, maintaining structure, and storing water. The rigid cell wall provides strength and support, chloroplasts allow plants to capture light energy to make glucose, and the large vacuole helps maintain turgor pressure, keeping the plant upright. These features are essential because plants are generally stationary and must rely on their cellular structure for support and energy production. 
Animal cells, in contrast, lack a cell wall and chloroplasts, making them more flexible in shape. This flexibility supports a wide variety of specialised roles such as movement, transport, and communication within the organism. For example, muscle cells are adapted for contraction, neurons for rapid signalling, and red blood cells for efficient oxygen transport. Overall, the structural differences enable plant and animal cells to specialise in ways that support the survival and functioning of their multicellular organisms.


[bookmark: _Toc242881363]1.6 Calculating the size of a variety of specialised cells (practical investigation)
Students use mini-grids to calculate the field of view of a light microscope and conduct a laboratory experiment to measure the size of red blood cells.
Table 16 – learning intentions and success criteria
	We are learning:
	I can:

	to conduct a scientific investigation
	safely and effectively use a light microscope
focus and observe specimens clearly under different magnifications
use a mini-grid to calculate the diameter of the field of view

	to apply quantitative processes to data
	record observations using scientific diagrams and appropriate terminology 
use appropriate units when performing calculations and reporting results
select and apply the correct formula to calculate cell size

	to analyse data and information to determine the size of a cell.
	compare and interpret quantitative data to identify size differences between specialised cells
draw evidence-based conclusions using observations and quantitative data.


[bookmark: _Toc242881364]Lesson sequence instructions
Activate
1. Display slide 1.6 PPT ‘Cell size and cell specialisation (1 of 2)’. Ask students to answer the questions in their books independently. Monitor responses, identify misconceptions and provide support as needed.
Display slide 1.6 PPT ‘Cell size and cell specialisation (2 of 2)’ to guide a whole-class discussion to review and clarify the answers. Explain that understanding the use of light microscopes, magnification and cell specialisation will help students accurately determine the size of specialised cells during the practical investigation. 
If students are struggling with these concepts, revisit 1.2 Preparing and observing a wet mount slide (practical investigation) and 1.5 Plant and animal cells to reinforce understanding of microscope use, magnification and cell specialisation.
Core learning
Modelling how to calculate the diameter of the field of view and the size of specialised cells
1. Use slide 1.6 PPT ‘Diameter of a circle’ and explain that the diameter of a circle is the straight-line distance from one side of the circle to the other, passing through the centre. It is the longest distance across the circle.
2. Display slide 1.6 PPT ‘Field of View’ to demonstrate the concept of field of view. Explain that field of view is the circular area visible through the microscope eyepiece and is measured by the diameter of that circle. Ask students to imagine looking through a window. The amount they can see through the window is similar to the microscope's field of view. Highlight the relationship between magnification and field of view:
At low magnification, you can see a larger area of the specimen.
At high magnification, you can see a smaller area of the specimen, but in greater detail.
As magnification increases, the field of view decreases.
3. Explain that knowing the field of view allows scientists to estimate the size of cells, tissues and microorganisms that cannot be measured directly with a ruler.
4. Display slide 1.6, PPT ‘Mini-grid slide’, and explain that the mini-grid slide contains a precise grid pattern with known dimensions, allowing scientists to measure the field of view and estimate specimen size. Direct students’ attention to the grid markings and demonstrate how to interpret the scale, highlighting that each large grid square represents 1 mm and each small grid square represents 0.1 mm. Emphasise that because the grid dimensions are known and accurate, the mini-grid slide functions like a ruler under the microscope, providing a reference for measurement.
5. Check students’ understanding using Check for understanding 1 (1.6 PPT).
6. Before conducting the practical investigation, use slide 1.6 PPT ‘Calculating the diameter of field of view slides (1 to 5)’ to model the steps needed to use a mini-grid slide to calculate the diameter of the field of view. Provide a printed copy of the Student resource – calculating the diameter of field of view for students to calculate the field-of-view diameter at each magnification. Sample answers are provided in the Sample response – student resource – calculating the diameter of field of view.
7. Display the microscope image of the mini-grid slide and explain that the diameter of the field of view is the distance across the widest part of the circular viewing area. 
8. Demonstrate how to measure the field of view by counting the number of grid divisions visible across the diameter of the circular field. Point to the grid in slide 1.6 PPT ‘Calculating the diameter of field of view (1 of 5)’ and explain the mini-grid scale; large boxes are 1 mm wide, and on the small grid, each box is 0.1 mm wide. Point to the number of large squares visible across the diameter (almost 4). Explain that this indicates the diameter of the field of view is approximately 4 mm.
Note: a digital microscope could support the explanation, as images on the screen could clearly demonstrate how to use the grid to measure the field of view.
1. Use slide 1.6 PPT ‘Calculating the diameter of field of view (2 of 5)’ to demonstrate a more accurate method for measuring the diameter of the field of view using a grid slide. Explain that the left edge of a large grid square is aligned with the left edge of the field of view, while the smaller grid divisions are used to estimate the remaining distance at the right edge. Count the number of squares on the diagram. Ask students to count the number of grid squares spanning the diameter of the field of view. The diagram shows 3.5 large squares and an additional 3 small squares. Adding these measurements together gives a total diameter of 3.8 mm. Explain how to convert millimetres (mm) to micrometres (µm). Since 1 mm = 1000 µm, multiply the diameter by 1000:
3.8 mm x 1000 = 3800 µm
therefore, the field-of-view diameter at 40x magnification is 3800 µm.
Explain that the field of view becomes smaller as magnification increases. When you use a higher-power objective lens, the microscope zooms in on a smaller area of the specimen, allowing you to see more detail but reducing the amount of the specimen visible at one time. Using slide 1.6 PPT ‘Calculating the diameter of field of view (3 of 5)’, explain that when the objective lens is changed from 4x to 10x while keeping the slide in the same position on the microscope stage, the field of view covers 1.5 large squares and 1 small square. Since each large square is 1.5 mm and the small square is 0.1 mm, therefore:
the total diameter of the field of view at 10x = 1.5 + 0.1 = 1.6 mm
converting this to micrometres: 1.6 x 1000 = 1600 µm.
Ask students to compare this value with the diameter of the field of view at 40x magnification and explain what they notice. Students should recognise that the field of view has become much smaller as magnification increases. Emphasise this inverse relationship: as magnification increases, the field of view decreases. This relationship matters because it allows students to estimate specimen size at different magnifications and helps explain why less of the specimen is visible at higher power.
Display slide 1.6 PPT ‘Calculating the diameter of field of view (4 of 5)’ and explain that at higher magnifications, it becomes difficult to measure the field of view directly with a grid slide because only a small portion of the grid is visible. In the image shown, less than one large square fits across the diameter of the field of view, making accurate measurement challenging. Remind students that the field of view at 100x magnification was previously calculated as 1600 µm. Instead of measuring the field of view directly at a higher magnification, we can use the relationship between magnification and field of view to calculate it. As magnification increases, the field of view decreases proportionally. Therefore, field of view × magnification = constant.
Using the known field of view at 100x magnification:
1600 µm x 100 = field of view at 400x x 400
Rearrange the equation to solve for the field of view at 400x magnification
field of view at 400x = (1600 x 100) ÷ 400
field of view at 400x = 400 µm.
Ask students to compare the field of view at 40x (3800 µm), 100x (1600 µm), and 400x (400 µm). Discuss the pattern they observe and reinforce that higher magnification results in a smaller field of view.
Use slide 1.6 PPT ‘Calculating the diameter of field of view (5 of 5)’ to discuss an alternative method for calculating the diameter of the field of view at 400x magnification. Explain that instead of focusing on the larger squares, the slide can be focused on the small squares, each 0.1 mm. Guide them to identify that there are 4 small squares across. Clarify that each small square represents 0.1 mm, so students should calculate:
4 small squares x 0.1 mm = 0.4 mm.
Next, prompt students to convert millimetres to micrometres. Remind them of the conversion: 1 mm = 1000 µm. Therefore:
0.4 mm x 1000 = 400 µm.
Emphasise that this value should match the result from the magnification-based calculation method. Highlight that this serves as a validation check, demonstrating that both methods are reliable when used correctly.
Check students’ understanding using Check for understanding 2 (1.6 PPT).
Use slide 1.6 PPT ‘Calculating the size of specialised cells (1 of 2)’ to model the steps needed to calculate the size of a specific cell using the known diameter of a microscope’s field of view. Explain that red blood cells are specialised oxygen-carrying cells, approximately 7–8 µm in diameter. Estimate their size by dividing the known field-of-view diameter by the number of cells that fit across it. Remind students that the field-of-view at 400x magnification was previously calculated as 400 µm. Direct students to either the microscopic image of red blood cells or the microscope eyepiece showing red blood cells under 400x magnification. Ask them to estimate how many cells fit across the field-of-view diameter. Encourage them to count the cells that span the widest part of the circular viewing area. Explain that the size of one cell can be estimated using the formula:
Cell size = diameter of field of view ÷ number of cells that fit across the field of view
If 56 red blood cells fit across the diameter of the field of view, then:
size of one red blood cell = 400/56 μm
size of one red blood cell = 7.14 μm.
Therefore, the diameter of a red blood cell is approximately 7.14 µm. Discuss with students that this value is very close to the accepted diameter of a human red blood cell, typically around 7–8 µm.
Display slide 1.6 PPT ‘Calculating the size of specialised cells (2 of 2)’ and explain that the size of white blood cells can be estimated by comparing them to the surrounding red blood cells (RBCs), whose size has already been calculated. Explain that white blood cells are part of the body's immune system and help defend against pathogens such as bacteria, viruses and other foreign substances. Unlike red blood cells, white blood cells contain a nucleus and are generally larger and less numerous in the bloodstream. Direct students to observe the white blood cell highlighted in the image and compare its size with the surrounding red blood cells. Guide students to estimate that the white blood cell is approximately 1.5 times larger than a red blood cell. Remind students to estimate the white blood cell size by multiplying the red blood cell diameter by 1.5. Therefore, the estimated size of one white blood cell is 10.71 µm, which is very close to the accepted diameter of a human white blood cell, typically around 10–15 µm depending on the type of white blood cell.
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.
Practical investigation
Preparing for the activity
Prepare for the practical activity by calculating the size of specialised cells under a microscope using a mini-grid slide. Order the following equipment in advance for each group in the class:
1 x light microscope
1 x mini-grid slide
1 x pre-prepared red blood cells slide
1 x onion skin cell slide.
Facilitating the activity
1. Print instructions for the students using the Student resource – calculating the size of a specialised cell. Go through the risk assessment with students. Sample responses are provided in the Sample response – student resource – calculating the size of a specialised cell. Instruct students on the following:
handle slides carefully to avoid cuts from sharp edges
carry the microscope with both hands and keep it away from the edge of the table to avoid dropping it on feet
do not touch electrical equipment and switches with wet hands to avoid electric shock
do not try to open slides or use fresh blood slides to avoid contamination.
2. Explain that students will now apply the method demonstrated earlier in the lesson to estimate cell size using a microscope and a mini-grid slide. Jointly review the key steps, including determining the diameter of the field of view at each magnification, counting the number of cells that fit across the diameter of the field of view, recording all measurements and calculations with units, and calculating the size of one cell using the formula below:
Cell size = diameter of field of view ÷ number of cells across the diameter.
3. Ask students to place the mini-grid slide on the microscope stage and focus it with the 4x objective lens (total magnification = 40x). Instruct them to identify both the large 1 mm grid squares and the smaller 0.1 mm divisions on the slide. 
4. Guide students to align the left edge of a large grid square with the left edge of the field of view, then use the smaller grid divisions to estimate the remaining distance to the right edge of the field of view. Encourage them to carefully count the number of large squares and partial small squares spanning the field-of-view diameter. Using their observations, have students calculate the field-of-view diameter at 40x magnification, recording their working and units. Remind them to convert their answer to micrometres (µm) if required.
Differentiation: for students requiring additional support, provide partially completed calculations and a formula sheet with worked examples.
5. Once students have determined the field of view at 40x magnification, ask them to switch to the 10x objective lens (total magnification = 100x) without moving the slide. Challenge students to repeat the process independently to determine the field-of-view diameter at 100x and 400x magnification, using the same measurement and calculation method. Encourage students to compare their results with those of their peers and discuss any differences, reinforcing the importance of accurate observations and careful calculations.
6. After students have determined the diameter of the field of view at 400x magnification, ask them to replace the grid slide with the pre-prepared red blood cell slide and use the microscope’s fine adjustment knob to focus until the cells are clearly visible. Instruct students to identify a row of red blood cells spanning the diameter of the field of view and estimate how many cells fit across it. Ask them to count the cells carefully and record their result in Table 3 provided in the Student resource – calculating the size of a specialised cell. Explain that a single count may not be representative, so students should repeat the measurement 3 times, using different areas of the slide where possible. Encourage them to record each count accurately in the table and check that their results are reasonable.
7. Once all 3 measurements have been collected, guide students to calculate the average number of red blood cells across the diameter of the field of view. Discuss how taking multiple counts and averaging the results improves reliability and reduces the impact of counting errors. Clarify that the average (mean) is calculated by adding all the values and dividing the total by the number of values. Ask students to use the cell size formula to calculate the size of a red blood cell in micrometres (µm). Encourage students to compare their estimated cell size with the accepted diameter of a human red blood cell (approximately 7–8 µm) and discuss any differences between their result and the accepted value.
8. Students may be asked to repeat the experiment independently using an onion skin cell slide to determine the size of an onion skin cell. After completing the practical activity, ask students to pack away the specimens and equipment.
9. Provide a copy of the Student resource – analysing the experiment and ask students to answer the questions provided. Give students time to complete the questions and then discuss the answers as a class. Sample responses are provided in Sample response – student resource – analysing the experiment.
Drawing scale diagrams of cells
1. Explain that most cells are too small to be seen with the naked eye and must be viewed under a microscope. To help visualise and compare cell sizes, scientists often draw scale diagrams, which are enlarged representations of cells that maintain accurate proportions. Once scientists know a cell's actual size, they choose an appropriate scale and convert the calculated cell dimensions into drawing dimensions. Explain that an appropriate scale makes the drawing large enough to show important details, small enough to fit on the page, and keeps all measurements in the correct proportion. For example, a scale of 1 µm = 2 cm means that a cell measuring 8 µm in diameter would be drawn as 16 cm in diameter on paper.
2. Provide students with a printed copy of Student resource – drawing scale diagrams of cells. Model the thinking behind selecting a suitable scale by considering the page size and the need for clear detail. Guide students to calculate and draw scale diagrams of a red blood cell (approximately 7–8 µm in diameter) and a white blood cell (approximately 12–15 µm in diameter). Encourage students to choose a scale that lets them draw both cells clearly, compare them easily, and fit them comfortably on the page. Remind students to record the scale used and to check that their final drawings accurately reflect the relative sizes of the 2 cells.
3. Remind students that scientific diagrams should be clear, accurate and neatly presented. Draw diagrams with a sharp pencil, using smooth, single lines rather than sketching or shading. Only structures visible and relevant to the observation should be included, and all dimensions should accurately reflect the chosen scale. Write labels neatly outside the diagram and connect them to the correct structures with straight, ruler-drawn lines. Label lines should not cross or contain arrowheads. Each completed scale diagram should include a descriptive title, the scale used (or magnification), and a clearly labelled scale bar that indicates the relationship between the drawing and the actual size of the cells. Sample answers are provided in Sample response – student resource – drawing scale diagrams of cells.
Consolidate
1. Using slide 1.6 PPT ‘Putting the steps in order’, ask students to independently arrange the following statements into the correct sequence to outline the procedure for determining the size of a cell using a microscope:
Count the number of specialised cells that fit across the diameter of the field of view.
Calculate the diameter of the field of view in millimetres.
Use the appropriate formula to calculate the size of a single cell.
Determine the scale of the mini-grid slide.
Calculate the average number of specialised cells that fit across the diameter of the field of view.
Facilitate class discussion to check students' understanding using the sample response below.
	Sample response
Determine the scale of the mini-grid slide.
Calculate the diameter of the field of view in millimetres.
Count the number of specialised cells that fit along the diameter of the field of view.
Calculate the average number of specialised cells that fit along the diameter of the field of view.
Use the appropriate formula to calculate the size of a single cell.




[bookmark: _Student_resource_–_26][bookmark: _Toc242881365]Student resource – calculating the diameter of field of view
For each diagram shown, calculate the diameter of the field of view. Show all working for each calculation.
Note: each large square is 1 mm wide, and each small square is 0.1 mm wide.
Table 1 – diameter of field-of-view calculation
	Diagram
	Calculation

	[image: A mini grid as seen under a microsope at 40x magnification.]
40x magnification
	

	[image: A mini grid as seen under a microsope at 100x magnification.]
100x magnification
	

	[image: A mini grid as seen under a microsope at 400x magnification.]
400x magnification
	




[bookmark: _Sample_response_–_14][bookmark: _Ref231913636]Sample response – student resource – calculating the diameter of field of view
Table 1 – sample response, diameter of field-of-view calculation
	Diagram
	Calculation

	[image: A mini grid as seen under a microsope at 40x magnification.]
40x magnification
	Number of large squares = 3.5
Number of small squares = 0.3
Diameter of field of view = 3.5 + 0.3 = 3.8 mm
Diameter of field of view in micrometres =
3.8 × 1000 = 3800 µm

	[image: A mini grid as seen under a microsope at 100x magnification.]
100x magnification
	Number of large squares = 1.5
Number of small squares = 0.1
Diameter of field of view = 1.5 + 0.1 = 1.6 mm
Diameter of field of view in micrometres =
1.6 × 1000 = 1600 µm

	[image: A mini grid as seen under a microsope at 400x magnification.]
400x magnification
	Diameter of field of view at 400x

= 400 µm




[bookmark: _Student_resource_–_15][bookmark: _Toc242881366]Student resource – calculating the size of a specialised cell
Experiment – measuring the size of a specialised cell
Aim: to calculate the size of a variety of specialised cells under the microscope using a mini-grid.
Equipment:
Light microscope
Prepared slides of specialised cells (for example, red blood cells, onion skin cells)
Mini-grid (graticule) with known dimensions
Calculator
Pencil
Ruler
Risk assessment:
Table 1 – risk assessment
	Hazard
	Risk
	Prevention

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Method:
Part A: determining the diameter of the field of view
1. Place the mini-grid slide on the microscope stage.
Select the lowest-power objective lens (4x) and focus the mini-grid clearly.
Count the number of mini-grid squares that fit across the diameter of the circular field of view. Record your observations in the table provided in the Observations section below.
Calculate the diameter of the field of view using:
Diameter of field of view = number of grid squares x width of one grid square
Record the diameter of the field of view in millimetres (mm). Convert the diameter to micrometres (µm) using:
1 mm = 1000 µm.
Repeat steps 2 to 5 for the 10x objective lens and record in the Observations section below.
Move the mini-grid slide until the small grid of 0.1 mm squares is visible under the 40x objective lens. Count the number of squares spanning the diameter of the field of view, then use this value to calculate the field-of-view diameter in µm. Alternatively, calculate the field-of-view diameter at 40x magnification using the formula below:
Field of view1 x Magnification1 = Field of view2 x Magnification2
Part B: observing and measuring specialised cells
 Remove the mini-grid slide and place the red blood cell slide on the microscope stage.
Focus the slide under the 4x objective lens, then under the 10x objective lens. Once you see a sharp image of the cells, switch to the 40x objective lens and use the fine adjustment knob to focus. You should be able to see the cells clearly.
Observe the shape, arrangement and appearance of the red blood cells. Record your observations.
Count how many red blood cells fit across the diameter of the field of view. Repeat the count at different orientations and record each result. Calculate the average number of cells across the diameter of the field of view.
Calculate the average size of a red blood cell using: 
Cell size = diameter of field of view ÷ number of cells across the field of view
Observe the slide for any white blood cells. Record your observations.
Estimate the size of the white blood cell in comparison to surrounding red blood cells and calculate its size.
Replace the red blood cell slide with an onion skin cell slide, then repeat steps 9 to 12.
Write a conclusion for this experiment based on your observations and calculations.
Observations:
Scale on mini-grid slide:
	


Blood cell slide:
	


Onion skin cell slide:
	


Results:
Table 2 – diameter of field-of-view measurements
	Magnification
	Number of grid squares (large + small)
	Diameter of field of view (mm)
	Diameter of field of view (µm)

	40x
	
	
	

	100x
	
	
	

	400x
	
	
	


Table 3 – calculating size of a cell
	Cell type
	Diameter of field of view at 400x (µm)
	Number of cells across the field of view
	Cell size (µm)

	
	
	Count 1
	Count 2
	Count 3
	Average
	

	Red blood cell
	
	
	
	
	
	

	White blood cell
	
	
	
	
	
	

	Onion skin cell
	
	
	
	
	
	


Conclusion:
	




[bookmark: _Sample_response_–_15][bookmark: _Ref231916321][bookmark: _Ref231914312]Sample response – student resource – calculating the size of a specialised cell
Experiment – measuring the size of a specialised cell
Risk assessment:
Table 1 – risk assessment sample response
	Hazard
	Risk
	Prevention

	Glass microscope slides
	Slides may break and cause cuts.
	Handle slides by the edges. Report and dispose of broken glass according to the teacher's instructions.

	Microscope
	The microscope may fall if carried incorrectly or placed near the edge of a bench.
	Carry the microscope with 2 hands and keep it away from bench edges.

	Electrical equipment
	Electric shock from damaged cords or equipment.
	Before use, check equipment for damage and report any faults to the teacher immediately.

	Electrical equipment and wet hands
	Electric shock from touching the power points with wet hands.
	Do not touch the power points with wet hands.

	Eye strain
	Extended viewing through the microscope may cause discomfort or eye strain.
	Take regular breaks and adjust the microscope for comfortable viewing.

	Biological specimens
	Potential contamination from prepared slides or specimens.
	Do not touch specimens directly. Wash hands after completing the investigation.


Observations:
Scale on mini-grid slide:
	1 large square = 1 mm wide
1 small square = 0.1 mm wide


Blood cell slide:
	Numerous red blood cells were visible throughout the field of view.
Red blood cells appeared as small, circular discs with a lighter centre.
The red blood cells were similar in size and shape and closely packed.
A small number of larger white blood cells were observed among the red blood cells.
The white blood cells appeared irregular or spherical and contained a darkly stained nucleus.
Red blood cells were much smaller and more numerous than white blood cells.
No cell walls were observed.


Onion skin cell slide:
	Onion epidermal cells appeared large, rectangular and tightly packed together.
The cells were arranged in regular rows, resembling bricks in a wall.
Distinct cell walls were clearly visible, outlining each cell.
In some cells, the cell membrane may be visible just inside the cell wall when viewed using oil immersion or stained with haematoxylin and eosin.
The cytoplasm appeared as a thin layer around the cell edge.
A large central vacuole occupied most of the cell’s interior, pushing the cytoplasm towards the cell wall.
A nucleus was visible in some cells as a small, darkly stained structure near the edge of the cell.


Results:
Table 2 – diameter of field of view measurements sample response
	Magnification
	Number of grid squares (large + small)
	Diameter of field of view (mm)
	Diameter of field of view (µm)

	40x
	3.5 + 3
	3.8
	3800

	100x
	1.5 + 1
	1.6
	1600

	400x
	0 + 4
	0.4
	400


Table 3 – calculating size of a cell sample response
	Cell type
	Diameter of field of view at 400x (µm)
	Number of cells across the field of view
	Cell size (µm)

	
	
	Count 1
	Count 2
	Count 3
	Average
	

	Red blood cell
	400
	57
	56
	55
	56
	7.14 µm

	White blood cell
	400
	-
	-
	-
	-
	7.14 x 1.5 = 10.71

	Onion skin cell
	400
	1.5
	1
	1.8
	1.4
	285.7


Conclusion:
The results show that specialised cells differ in size and structure. Red blood cells are the smallest, while onion epidermal cells are the largest. White blood cells are larger than red blood cells but smaller than onion cells. These differences reflect each cell type’s specialised functions.
The results support the hypothesis that specialised cells vary in size, with size related to their functions. Using a mini-grid and field-of-view calculations is a useful method for estimating cell size under a microscope.


[bookmark: _Student_resource_–_27][bookmark: _Toc242881367]Student resource – analysing the experiment
Answer the following questions.
1. Why was it necessary to determine the field of view before calculating the cell size?
	


Why did you calculate the average number of cells across the field of view rather than using a single measurement?
	


What sources of error may have affected your measurements of the size of a cell?
	


How would an incorrect field-of-view measurement affect your cell size calculations?
	


Suggest one improvement that would increase the accuracy of the investigation.
	


Why is it important to use the same magnification when measuring cells and determining the field of view?
	


What are the limitations of estimating cell size by counting how many cells fit across the field of view?
	


Explain the differences in cell size in relation to their function.
	




[bookmark: _Sample_response_–_16]Sample response – student resource – analysing the experiment
1. Why was it necessary to determine the field of view before calculating the cell size?
	It was necessary to determine the field of view because it provided a known distance to use as a scale for measuring the cells. By knowing the field-of-view diameter and estimating how many cells fit across it, I could calculate the size of an individual cell. Without first determining the field of view, I would have no way to convert microscope observations into actual cell measurements.


Why did you calculate the average number of cells across the field of view rather than using a single measurement?
	I calculated an average cell count because individual cells can vary slightly in size and shape, and counting cells across the field of view can be affected by estimation errors. Taking multiple measurements and averaging them reduces the impact of random errors and provides a more reliable, accurate estimate of cell size.


What sources of error may have affected your measurements of the size of a cell?
	Sources of error that may have affected the measurements of the size of a cell include:
Difficulty estimating how many cells fit across the diameter of the field of view.
Variations in the size and shape of individual cells.
Cells not being perfectly aligned across the field of view, reducing counting accuracy.
Errors in determining the field-of-view diameter using the mini-grid.
Incorrect microscope focus, making cell boundaries difficult to distinguish.
Human error when counting cells or recording measurements.
Rounding errors during calculations and unit conversions.
Cells overlapping or clumping together, making it difficult to identify individual cells.


How would an incorrect field-of-view measurement affect the cell size calculations?
	An incorrect field-of-view measurement would directly affect the accuracy of cell size calculations because the field of view provides the scale for determining cell size. If the field-of-view diameter is overestimated, the calculated cell size will be larger than the actual size. If the field-of-view diameter is underestimated, the calculated cell size will be smaller than the actual size. Therefore, any error in measuring the field of view carries through to all subsequent cell size calculations.


Suggest one improvement that would increase the accuracy of the investigation.
	One improvement would be to use an eyepiece graticule calibrated with a stage micrometre. This lets you measure the cell sizes directly in micrometres, rather than estimating them from the field of view and cell counts. This reduces estimation errors and improves measurement accuracy and reliability.


Why is it important to use the same magnification when measuring cells and determining the field of view?
	It is important to use the same magnification because the field of view changes with magnification. If you measure the field of view at one magnification and observe the cells at another, the scale used to calculate cell size will be inaccurate. Keeping the magnification constant ensures that the relationship between field of view and cell size remains valid, allowing accurate and consistent measurements.


What are the limitations of estimating cell size by counting how many cells fit across the field of view?
	Limitations of estimating cell size by counting how many cells fit across the field of view include:
It is an approximation, not a precise measurement, so results are less accurate.
Cells may not be perfectly aligned across the diameter, making counting difficult.
Cells often vary in size, so using an ‘average’ count can introduce error.
Some cells may overlap or be partially visible at the edge of the field of view.
It can be difficult to distinguish individual cells clearly, especially at higher densities.
Human judgement is involved in estimating counts, which increases the chance of error.
The method assumes cells are uniform in shape and size, which is not always true.


Explain the differences in cell size in relation to the function of specialised cells.
	The differences in cell size are closely related to the function of each specialised cell.
Red blood cells are the smallest because their main function is to transport oxygen efficiently. Their small size and biconcave shape increase the surface area-to-volume ratio, allowing rapid diffusion of oxygen in and out of the cell and enabling them to pass easily through narrow capillaries.
White blood cells are generally larger than red blood cells because they need to carry out more complex functions, such as engulfing pathogens and producing antibodies. Their larger size provides space for a nucleus and other organelles involved in defence responses.
Onion epidermal cells are much larger than both blood cell types because they are plant structural cells. Their large size comes from a large central vacuole, which stores water and maintains turgor pressure, helping support the plant. The rigid cell wall also contributes to their fixed shape and structural role.




[bookmark: _Student_resource_–_28][bookmark: _Toc242881368]Student resource – drawing scale diagrams of cells
	What is a scale diagram?
A scale diagram is a drawing that shows an object enlarged or reduced by a consistent ratio while preserving its proportions.
Cells are too small to be seen with the naked eye. Scientists use microscopes to observe cells and often create scale diagrams to represent them at a size that is easier to view and study.
Key terms
Cell: the basic unit of life.
Magnification: how many times larger an image is than the actual object.
Scale: the ratio between the drawing and the real object.
Micrometre (µm): one millionth of a metre (0.000001).
Useful conversions
1 mm = 1000 µm
1 cm = 10 mm
1 cm = 10,000 µm
Why draw scale diagrams?
Scale diagrams are used to:
represent microscopic cells in a way that is easier to observe and understand
compare the sizes of different cells and cell structures
accurately show the relative sizes and proportions of cell components
communicate scientific observations clearly
Step-by-step method
1. Use a microscope or a textbook image to examine the cell’s features.
Find the actual/real size of the cell using the diameter of the field of view of the microscope or by using the scale bar provided in the textbook. For example: a plant cell is 80 µm.
Select a scale that makes the drawing large enough to see details. For example:
Scale: 1 cm = 20 µm
Calculate the drawing size using the formula: scale value
actual size

Drawing size = 
For example, if the actual cell is 80 µm, and the scale is 20 µm, the drawing size will be 4 cm (80/20). 
Draw a cell diagram using a ruler and a sharp pencil. Draw smooth, single lines without any shading.
Draw all parts to the calculated size. Include any visible cell organelles.
Label each part of the drawing with straight lines. Place all labels outside the diagram and ensure the lines do not cross.
Write a scale under your diagram and draw a scale bar.
Note: do not copy scale diagrams of cells from textbooks, websites or other published sources. These diagrams are protected by copyright. Instead, create your own original scale diagram based on your observations and measurements, and ensure it accurately represents the specimen being studied.

	

	Using the information above as a guide, draw a scaled diagram of a red blood cell and a white blood cell. Complete the checklist below before you submit your work.


	Check your work
Before submitting, ask yourself the following questions:
☐ Have I used the correct scale?
☐ Are my calculations correct?
☐ Are the cell sizes proportional?
☐ Have I included all labels? 
☐ Have I added a title?
☐ Have I included a scale bar?




[bookmark: _Sample_response_student][bookmark: _Ref231903086][bookmark: _Ref231914350]Sample response – student resource – drawing scale diagrams of cells
	Scale diagram of red blood cell and white blood cell
[image: A drawn  diagram of a red blood cell and white blood cell drawn to scale.]

	Check your work
Before submitting, ask yourself the following questions:
☒ Have I used the correct scale?
☒ Are my calculations correct?
☒ Are the cell sizes proportional?
☒ Have I included all relevant labels?
☒ Have I added a title?
☒ Have I included a scale bar?




[bookmark: _Toc242881369]Teaching advice
This syllabus content requires students to understand the link between field of view, scale and estimation. Pre-teaching these concepts and applying the Gradual release of responsibility model (I do, We do, You do) can help students develop a strong conceptual understanding and acquire the skills needed to conduct a valid, accurate and reliable investigation. Model the procedure by demonstrating how to align the mini-grid across the diameter of the field of view and accurately count both whole and partial grid squares. Reinforce that the field of view is a measurable distance that provides a scale for calculating cell size, as cell size cannot be measured directly using this method. Students should also understand that cell size calculations are based on estimating how many cells fit across the field of view. Discuss why taking multiple measurements and calculating an average improves the accuracy and reliability of the results by reducing the impact of random errors and biological variation.
Where possible, use a digital microscope, microscope camera, or projected images to demonstrate how to count grid squares, estimate cell numbers, and compare the relative sizes of different cell types. Visual modelling helps students build confidence before undertaking their own measurements. After the practical investigation, guide students to connect cell size, structure and function. For example, smaller cells, such as red blood cells, are adapted for efficient transport and exchange of substances. In comparison, larger cells, such as onion epidermal cells, are adapted for functions including storage, support and protection. Encouraging students to link their measurements to cells’ specialised functions deepens their understanding of the relationship between structure and function in living organisms.
Background information
Cells vary in size, shape and structure according to their specialised functions. For example, red blood cells are adapted for oxygen transport, white blood cells for defence against pathogens, and onion epidermal cells for protection and support. Most cells are too small to measure directly and must be viewed under a light microscope. To estimate cell size, first determine the diameter of the microscope's field of view using a mini-grid with squares of known dimensions. The field of view then serves as a scale for calculating cell size. Cell size can be estimated using the formula:
Cell size = diameter of field of view ÷ number of cells across the field of view
To improve accuracy, take 3 measurements and average them. Use the same magnification to determine the field of view and measure cells, as the field of view changes with magnification. This investigation allows students to compare the sizes of specialised cells and explore how cell structure relates to function.
Checks for understanding 
[bookmark: _Check_for_understanding_10][bookmark: _Ref236218152]Check for understanding 1 (1.6 PPT) 
Display ‘1.6 PPT Check for understanding 1’ on the board and have students respond in their books.
Answer the following questions:
1. What happens to the field of view if the magnification of a microscope increases from 100x to 400x? Explain.
What can be used to measure the field of view?
Check for understanding 1 sample responses
1. When the magnification increases, the field of view of the microscope decreases because higher magnification shows a smaller area of the specimen.
A mini-grid can be used to measure the field of view.
[bookmark: _Check_for_understanding_11][bookmark: _Ref236218180]Check for understanding 2 (1.6 PPT)
Display ‘1.6 PPT Check for understanding 2 (1 of 2)’ on the board and have students respond in their books.
1. Explain what happens to the diameter of the field of view when magnification increases.
Complete the table below:
Table 17 – diameter of field of view calculation
	Number of 1 mm-wide squares visible
	Diameter of field of view (mm)
	Diameter of field of view µm

	5
	5
	

	3.5
	
	3500

	0.5
	
	


Check for understanding 2 sample responses 
1. When the magnification increases, the diameter of the field of view decreases.
1. Complete the table below:
Table 18 – diameter of field-of-view calculation sample response
	Number of 1 mm-wide squares visible
	Diameter of field of view (mm)
	Diameter of field of view µm

	5
	5
	5000

	3.5
	3.5
	3500

	0.5
	0.5
	500




[bookmark: _Toc242881370]1.7 Understanding cell structure and function
Students assess how technological developments in microscopy have shaped scientific understanding of cell structure and function.
Table 19 – learning intentions and success criteria
	We are learning:
	I can:

	to explain how technology has impacted our understanding of cellular processes
	identify key developments in microscopy
explain how improvements in microscope technology increased the detail and accuracy of cell observations
describe how new evidence from microscopy contributed to scientific discoveries about cells

	to communicate scientific arguments.
	assess the impact of microscopy on scientific understanding using examples
construct a written response to communicate understanding
use correct and precise scientific terminology in a written response.


Activate
1. Activate prior knowledge about cells, microscopes and the nature of scientific discovery through Think-Pair-Share.
Use slide 1.7 PPT ‘Think-Pair-Share’ to display 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?’
Think: students independently engage with the question on the slide and consider a response.
Pair: students pair with a classmate to share their responses.
Share: students share their responses with the class during a whole-class discussion.
To facilitate the ‘Share’ part of the activity, see sample responses in Table 20.
[bookmark: _Ref235778431][bookmark: _Ref235778428]Table 20 – sample responses to the Think-Pair-Share
	Think
	Pair
	Share

	Scientists use microscopes to see cells because they are too small to be seen with the naked eye.
	We agree that microscopes are essential for viewing cells because cells are too small to be seen without magnification. We also think that different types of microscopes provide different levels of detail, helping scientists see more than a cell's basic shape. Together, we think microscopes are the main tool scientists use to study cell structure.
	Scientists rely on microscopes to observe cells because they are too small to see with the naked eye. Microscopes allow scientists to magnify cells and identify key structures such as the nucleus and cell wall. This makes microscopy essential for understanding the basic structure of living organisms.

	More advanced microscopes may have helped scientists discover smaller structures inside cells.
	We think that as microscopes became more powerful, scientists could see much smaller structures inside cells that had not been visible before. For example, we believe improved technology helped discover organelles such as mitochondria and ribosomes. This shows that scientific understanding improves as tools advance.
	As microscopy technology has improved, scientists have been able to discover increasingly small structures within cells. More advanced microscopes have revealed organelles and even detailed internal structures that were previously unknown. This has changed and expanded scientific understanding of how cells are organised and how they function.

	Scientists conduct laboratory experiments to understand how cells function.
	We agree that scientists not only observe cells but also test how they work through experiments. We think they might investigate processes such as respiration or photosynthesis to understand what cells do. By combining experiments with observations, scientists can better understand how cells function.
	Scientists use laboratory experiments alongside microscopy to understand how cells function. By testing processes such as respiration, transport and photosynthesis, they can investigate what occurs inside living cells. This combination of observation and experimentation helps build a more complete understanding of cell biology.


Core learning
1. Explain that microscopes are essential tools for studying cells and that advances in technology have progressively enhanced our understanding of cell structure and function. Using slide 1.7 PPT ‘Observing cells’, display an image of a plant cell under a light microscope alongside an electron micrograph of a chloroplast. Ask students to compare the 2 images and determine which provides more detailed information. 
1. Guide the discussion towards how technological improvements in microscopy have enabled scientists to observe increasingly smaller and more complex cellular structures, leading to discoveries and a deeper understanding of how cells function.
Explain that early spectacle makers discovered that combining multiple lenses increased magnification, leading to the development of the first microscopes. Display slide 1.7 PPT ‘Development of microscope’ and explain that Galileo Galilei used combinations of convex and concave lenses in the early 1600s to create an early compound microscope. Although Galileo’s work was originally linked to improving optical instruments for astronomical observation, his developments contributed to growing interest in microscopy and encouraged further advancements by other scientists.
Guide students to complete the table in the Student resource – using a microscope to observe cells, using slide 1.7 PPT ‘The first observations of cells’. Explain that continued improvements in microscope design enabled clearer observations of microscopic structures. In 1665, Robert Hooke used a compound microscope to examine thin slices of cork (plant material) and observed many small, box-like compartments. He called these structures ‘cells’ because they resembled small rooms where monks lived. Hooke observed dead plant cell walls rather than living cells; however, his observations provided the first evidence that living organisms have organised microscopic structures
Explain that further improvements in lens quality increased magnification and image clarity. Antonie van Leeuwenhoek developed a powerful single-lens microscope, enabling him to observe living microorganisms for the first time – see slide 1.7 PPT ‘The first observations of living cells’. He described bacteria, protozoa and other microscopic organisms, demonstrating that an unseen world of living organisms existed. These observations expanded scientific understanding of cells as dynamic, living structures.
Display slide 1.7 PPT ‘The modern light microscope’ and explain that modern light microscopes use improved optical systems and illumination to produce clearer, more detailed images and allow the observation of living specimens. These technological improvements enabled scientists to observe cellular organisation, movement and processes within cells. Explain that this helped scientists link cell structures to their biological functions and improved understanding of how cells support life.
 Emphasise that ongoing technological developments have further enhanced scientific understanding of cell structure and function. Explain that electron microscopy, a major advancement beyond traditional light microscopy, uses electrons which allow significantly greater resolution and image detail. Explain that the Transmission Electron Microscope (TEM) (see slide 1.7 PPT ‘Transmission electron microscope’) passes electrons through extremely thin specimens to reveal internal cell structures and ultrastructure, enabling scientists to observe organelles such as mitochondria, chloroplasts, membranes and ribosomes with far greater detail than was possible using light microscopes. 
Demonstrate that further advances in electron microscopy led to the development of the Scanning Electron Microscope (SEM) (see slide 1.7 PPT ‘Scanning electron microscope’). This microscope uses electrons to scan the surface of specimens and generate highly detailed, 3-dimensional images of external structures. This allowed scientists to investigate cell surfaces and specialised adaptations in much greater detail. Use the Sample response: Student resource – using a microscope to observe cells to discuss answers to the student resource.
Differentiation: extend students by having them research different types of microscopes and their historical development, which can also be conducted 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.
Use Check for understanding 1 (1.7 PPT) to check students’ understanding of historical developments in microscopy. Discuss answers using 1.7 PPT ‘Check for understanding 1 response’.
Play the video The invention of the microscope (5.29) (see slide 1.7 PPT ‘Understanding cells through technology’), and guide students to complete the questions in Sample response – student resource – understanding cells through technology. Sample answers are provided in Sample response – student resource – understanding cells through technology.
Explain that advances in microscopy continued beyond electron microscopy and increasingly focused on improving image contrast, identifying specific cellular components, and observing living cells in action. Some of these advances include:
Staining and colouring techniques help improve visibility and distinguish different cellular structures.
Fluorescence microscopy uses fluorescent dyes and markers that bind to specific molecules or organelles within cells. When illuminated, these markers emit light, enabling scientists to track specific cellular components and observe processes in real time.
Confocal microscopy lets scientists capture thin optical sections and produce detailed 3-dimensional images, while techniques such as live-cell imaging enable observation of cellular activities as they occur.
Emphasise that these technologies have enhanced understanding of cell function by enabling scientists to investigate communication, movement, transport, energy production, protein expression, and interactions within living cells.
To address the inquiry question on assessment of how technological developments have enhanced scientific understanding of cell structure and function, unpack the question using slide 1.7 PPT ‘Using CUBE to structure a response’. Work through the verb requirements, syllabus content and relevant focus points, and limiting factors in the question. Display slide 1.7 PPT ‘Evidence for making a judgement’ and discuss what constitutes effective evidence for making a judgement, including:
examples of relevant technological developments
the findings enabled by those technologies
the impact of those findings on scientific understanding of cell structure and function
how evidence can be used to support a clear evaluative judgement.
Emphasise that students must move beyond description and explanation to make a supported judgement that directly addresses the inquiry question.
Model the thinking needed to write the sample response using slide 1.7 PPT ‘Sample response 1’ and discuss its key features as a class. Annotate the response to identify references to multiple technologies, the findings generated by each technology, and the impact of those findings on scientific understanding of cell structure and function. Highlight the linking and cohesive words used throughout the response to demonstrate comparison, cause-and-effect relationships and evaluation. Conclude with a class discussion on the strengths of the sample response, focusing on how effectively it addresses the inquiry question through the integration of technologies, evidence and evaluative judgement. Use the annotated sample provided in slide 1.7 PPT ‘Sample response 1 annotated’ to support discussion and analysis.
Display slide 1.7 PPT ‘Sample response 2’ and jointly annotate it with students. Prompt students to identify the missing elements and discuss how to improve the response. Work as a class to rewrite the response to address the gaps. Emphasise that the response must include multiple relevant technologies, findings enabled by these technologies, how these findings enhanced scientific understanding of cell structure and function, and a clear, explicit and definitive judgement. Refer to slide 1.7 PPT ‘Improved sample 2 response’ as an exemplar of a strengthened response.
Provide students a copy of the Student resource – scaffold for assess. Using slide 1.7 PPT ‘Scaffold for ‘assess’’, discuss the key points of the scaffold and highlight the cohesive language that supports the construction of a high-quality response. Guide students to complete the scaffold by including information on 3 different technologies, findings from each technology and how these findings have contributed to improved scientific understanding of cell structure and function. A sample has been provided in Sample response – student resource – scaffold for assess. Students then use the completed scaffold to write a response in their books.
[bookmark: _Toc242881371]Consolidate
1. Display the question below using slide 1.7 PPT ‘Making a judgement (1 of 2)’ and give students 2 minutes to answer the question in pairs.
Question: Three students have made a judgement on the contribution of electron microscopy to the scientific understanding of cell structure.
Student A: electron microscopy is the best technology for studying cells.
Student B: electron microscopy is the best technology for understanding cell structure because it provides extremely high-resolution images that allow scientists to clearly identify and study organelles.
Student C: electron microscopy may be one of the better technologies for studying cells, but other methods are also useful depending on what scientists are trying to investigate.
Select the best judgement and justify your choice.
When finished, ask students to share their responses with the class using slide 1.7 PPT ‘Making a judgement (2 of 2)’. A sample response is provided below:
	Sample response
The best judgement is Student B.
This is because Student B provides a clear, decisive judgement that electron microscopy is the best technology, supported by scientific justification. The response explains why it is the best by referring to its high-resolution images, which allow scientists to observe and identify cell organelles in detail. This directly links the technology to its impact on understanding cell structure, making the judgement evidence-based and convincing.
In contrast, Student A makes a judgement but provides no explanation or evidence, making it incomplete. Student C does not give a clear position, as it suggests multiple technologies may be equally useful without making a definitive judgement.


[bookmark: _Ref232259274]

[bookmark: _Student_resource_–_29][bookmark: _Toc242881372]Student resource – using a microscope to observe cells
Complete the table below.
Table 1 – development in microscopy and observation of cell structure and function
	Microscope type
	Year developed
	Observations/type of information obtained
	Impact on scientific understanding of cells

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	




[bookmark: _Sample_response_–_17]Sample response – student resource – using a microscope to observe cells
Table 1 – sample response, development in microscopy and observation of cell structure and function
	Microscope type
	Year developed
	Observations/type of information obtained
	Impact on scientific understanding of cells

	Robert Hooke’s compound microscope
	1665
	Saw small boxes in plant material (cork).
	First evidence that organisms contain microscopic structural units.

	Antonie van Leeuwenhoek’s simple microscope
	1676
	Living microorganisms including protozoa, structure of red blood cells, sperm cells and later discovery of bacteria.
	Living cells were first witnessed under the microscope; organisms can exist as single cells.

	Modern light microscope
	19th and 20th century
	Detailed observations of plant and animal cells and cell organelles, including the nucleus and processes like cell division.
	Supported the development of cell theory: all living things are made up of cells and cells come from pre-existing cells. 

	Electron microscope
	1931
	Internal ultrastructure of cell organelles including mitochondria, endoplasmic reticulum, Golgi body (apparatus) and ribosomes.
	Understanding of internal structure of cells. Cells are complex and highly organised, containing specialised structures each with a specific role.




[bookmark: _Student_resource_–_30][bookmark: _Toc242881373]Student resource – understanding cells through technology
Watch the video The invention of the microscope (5.29) and complete the table below.
Table 1 – advances in technology and scientific understanding of cell structure and function
	Technological advancement
	Findings/information provided
	Understanding of cell structure/cell function

	Early compound light microscope with improved magnification lenses, used by Robert Hooke in the 17th century.
	
	Provided the first evidence that living organisms are composed of basic structural units (cells), forming the foundation of cell theory and shaping understanding of cell structure.

	
	
	Unveiled the existence of the microbial world, challenging the notion of spontaneous generation, which suggested that living things arise spontaneously from non-living matter. Provided strong support for biogenesis, the idea that life comes from pre-existing life.

	Compound light microscope allowing higher magnification and resolution.
	
	Enabled major advances in modern medicine by allowing doctors and scientists to link microorganisms to specific diseases (germ theory), improving understanding of disease causes and enabling the development of targeted treatments and improved medical interventions.

	Development of the electron microscope, which uses beams of electrons rather than light to achieve far higher magnification and resolution than traditional light microscopes.
	
	

	Development of fluorescence microscopy using fluorescent dyes and proteins that bind to or target specific cellular components and emit light when excited by specific wavelengths of light. 
	
	Improved understanding of cellular function by revealing dynamic processes, such as protein transport, cell signalling and organelle activity, that could not be observed with traditional light microscopy.




[bookmark: _Sample_response_–_18][bookmark: _Ref232259666]Sample response – student resource – understanding cells through technology
Table 1 – sample response, advances in technology and scientific understanding of cell structure and function
	Technological advancement
	Findings/information provided
	Understanding of cell structure/cell function

	Early compound light microscope with improved magnification lenses, used by Robert Hooke in the 17th century.
	Observed thin slices of cork and identified small, box-like structures, which he named ‘cells.’
	Provided the first evidence that living organisms are composed of basic structural units (cells), forming the foundation of cell theory and shaping understanding of cell structure.

	Antonie van Leeuwenhoek used a simple microscope with high-magnification lenses.
	Enabled the observation and identification of microorganisms (microbes) for the first time, revealing a previously unseen microscopic world.
	Unveiled the existence of the microbial world, challenging the notion of spontaneous generation, which suggested that living things arise spontaneously from non-living matter. Provided strong support for biogenesis, the idea that life comes from pre-existing life.

	Compound light microscope allowing higher magnification and resolution
	Enabled scientists to observe cells, tissues and microorganisms in greater detail, including the structures of viruses and bacteria associated with disease.
	Enabled major advances in modern medicine by allowing doctors and scientists to link microorganisms to specific diseases (germ theory), improving understanding of disease causes and enabling the development of targeted treatments and improved medical interventions.

	Development of the electron microscope, which uses beams of electrons rather than light to achieve far higher magnification and resolution than traditional light microscopes.
	Enabled scientists to observe the ultrastructure of cells in greater detail, including organelles such as mitochondria, ribosomes and endoplasmic reticulum, as well as previously unknown membrane structures.
	Transformed understanding of cell structure by revealing that cells are highly complex and organised at the nanoscale, leading to more accurate models of cellular organisation and strengthening and refining cell theory.

	Development of fluorescence microscopy using fluorescent dyes and proteins that bind to or target specific cellular components and emit light when excited by specific wavelengths of light.
	Enabled scientists to label and track specific molecules within cells and observe their movement and activity in real time.
	Improved understanding of cellular function by revealing dynamic processes, such as protein transport, cell signalling and organelle activity, that could not be observed with traditional light microscopy.




[bookmark: _Student_resource_–_31][bookmark: _Toc242881374]Student resource – scaffold for assess
Scaffold for assess
Assess – make a judgement of value, quality, outcomes, results or size.
Topic to be assessed:
Point for (advantages):

Elaboration and support:

Point for (advantages):
Elaboration and support:

Point for (advantages):

Elaboration and support:

Point against (disadvantages):
Elaboration and support:
Point against (disadvantages):
Elaboration and support:
Conclusion and judgement:
Points to note:
Statement of topic to be assessed which reflects your viewpoint or judgement.
Preview of points for and/or against and concluding judgement.
Topic sentence at the beginning of each paragraph followed by explanation and examples to illustrate point.
Elaboration and support need to include information about the value, quality or outcomes of the point being discussed. This can also refer to negative criticism about the point.
Use linking words such as: therefore, because, however, for instance, for example, as a result.
Information used to make a judgement needs to be explained in your elaboration and then examples given to support it.
Must make a judgement at the end either for OR against the argument based on the value, quality or outcomes of the topic.

[bookmark: _Sample_response_–_19][bookmark: _Ref232259522][bookmark: _Ref232259691]Sample response – student resource – scaffold for assess
Scaffold for assess
Assess – make a judgement of value, quality, outcomes, results or size.
[bookmark: _Toc235612132]Topic to be assessed:
The impact of technological developments in microscopy on scientific understanding of cell structure and function.
Point for (advantages):
Early light microscopes allowed scientists to identify basic cell structures, while electron microscopes enabled the discovery of detailed organelles such as mitochondria, ribosomes and the endoplasmic reticulum.
Elaboration and support:
Higher resolution imaging allowed scientists to see structures that were previously invisible, leading to a more accurate model of the cell and supporting the development of cell theory.
Point for (advantages):
Microscopy has enhanced understanding of cell function by allowing scientists to observe cellular processes. Fluorescence microscopy, for example, enables scientists to track proteins and molecules within living cells.
Elaboration and support:
This has improved understanding of processes such as protein transport, cell division and energy production, showing how cell structures contribute to specific functions.
Point for (advantages):
Staining and colouring techniques help improve visibility and distinguish different cellular structures.
Elaboration and support:
Many cells and cell components are naturally transparent and difficult to observe under a microscope. Different stains can highlight different organelles, tissues or microorganisms based on their chemical properties. This allows scientists to observe cellular details more clearly, improve the accuracy of identification, and better understand cell structure and function.
Point against (disadvantages):
Elaboration and support:
Point against (disadvantages):
Elaboration and support:


[bookmark: _Toc235612134]Conclusion and judgement:
In conclusion, technological developments in microscopy have greatly enhanced scientific understanding of cell structure and function.
[bookmark: _Toc235612135]Points to note:
Statement of topic to be assessed which reflects your viewpoint or judgement.
Preview of points for and/or against and concluding judgement.
Topic sentence at the beginning of each paragraph followed by explanation and examples to illustrate point.
Elaboration and support need to include information about the value, quality or outcomes of the point being discussed. This can also refer to negative criticism about the point.
Use linking words such as therefore, because, however, for instance, for example, as a result.
Information used to make a judgement needs to be explained in your elaboration and then examples given to support it.
Must make a judgement at the end either for OR against the argument based on the value, quality or outcomes of the topic.

[bookmark: _Toc242881375]
Teaching advice
When teaching students to assess the impact of technological developments in microscopy on scientific understanding of cell structure and function, explicitly model the relationship between technological advances and the development of scientific knowledge. Use a timeline of microscopy innovations, from early light microscopes to electron, fluorescence and confocal microscopes, and guide students to identify what each technology enabled scientists to observe for the first time. Use the Gradual release of responsibility model to teach the meaning of the verb ‘assess’. Begin with teacher modelling (I do) that demonstrates how to move beyond description to judgement, using a scaffold such as:
technological development → new observations → impact on scientific understanding → judgement of significance.
Explicitly model how to link organelle structure to function, for example, by explaining how electron microscopy revealed mitochondrial cristae and deepened understanding of cellular respiration. Move to guided practice (We do) by jointly constructing responses to assessment questions, prompting students to identify evidence, explain its significance, and make a supported judgement about the impact of the technological development. Finally, provide scaffolded opportunities for independent practice (You do), where students analyse advances in microscopy and construct extended responses that answer ‘assess’ questions. Ensure students make an evidence-based and definitive judgement about the extent to which technological developments in microscopy have advanced scientific understanding of cell structure and function.
Background information
Scientific knowledge is shaped by the technologies available at the time. Microscopy is a technique that uses microscopes to observe and study structures that are too small to be seen clearly with the unaided eye. Advances in microscopy have provided new evidence that has refined existing theories and deepened understanding of the relationship between cell structure and function. 
Early light microscopes enabled the first observations of cells and microorganisms, contributing to the development of cell theory, while improvements in lens technology increased image clarity and magnification. The invention of the electron microscope marked a major advance, providing much higher resolution and revealing cellular ultrastructure (the detailed internal structure of a cell and its organelles, particularly structures that can be resolved using high-resolution microscopy), including organelles such as mitochondria, ribosomes and the endoplasmic reticulum, which deepened understanding of processes such as cellular respiration and protein synthesis. 
More recent technologies, including scanning electron microscopy, transmission electron microscopy, fluorescence microscopy and confocal microscopy, have enabled detailed 
3-dimensional imaging and the observation of specific cellular components and processes.


Checks for understanding 
[bookmark: _Check_for_understanding_12][bookmark: _Ref232364753][bookmark: _Ref236218296]Check for understanding 1 (1.7 PPT)
Match the following:
	Light microscope
	Uses a beam of electrons to produce high magnification but requires specimens to be dead and placed in a vacuum

	Robert Hooke
	Uses light to view specimens and can observe living organisms

	Electron microscope
	Co-invented the electron microscope 

	Ernst Ruska
	First to describe and name cells after observing dead cork tissue under the microscope


Check for understanding 1 sample response
	Light microscope
	Uses a beam of electrons to produce high magnification but requires specimens to be dead and placed in a vacuum

	Robert Hooke
	Uses light to view specimens and can observe living organisms

	Electron microscope
	Co-invented the electron microscope 

	Ernst Ruska
	First to describe and name cells after observing dead cork tissue under the microscope
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Use the CUBE method to unpack the question.

‘Compare) and_ contrast }he structure and function of a neuron/nerve cellland a|sperm cell. |

Provide similarities and/or Similarity: both cells are specialised
differences Different functions so different shape.
Nerve cell- carries signals around the Sperm cell- carries genetic information for
body, need to do this quickly so long, father in the large nucleus, swims to the egg,
should have structures to carry signals, need structures for swimming, tail or flagellum,
dendrites, long axon energy to move comes from large number of
mitochondria.
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1.5 Comparison of cell structure and function (2 of 4)

Animal cell

A nerve cell (neuron) and a sperm cell are both specialised cells, but they have very different
structures because they perform different functions. A nerve cell is adapted to carry electrical signals
around the body. It has a long shape with branches called dendrites that receive signals, and a long
axon that carries signals to other cells. This long structure helps messages travel quickly over long
distances. A sperm cell is adapted to reach and fertilise an egg cell. It has a head that contains
genetic material and enzymes to help enter the egg, a middle piece packed with mitochondria to

release energy, and a tail that helps it swim towards the egg.

In summary, the nerve cell is designed for fast communication, while the sperm cell is designed for

movement and fertilisation, and their structures are closely linked to these functions.
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Blue words — scientific terminology
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1.5 Comparison of cell structure and function (3 of 4)
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1.5 Comparison of cell structure and function (4 of 4)
Animal cell

A root hair cell and a palisade tissue cell are both specialised plant cells, but they are adapted for
different functions. A root hair cell is specialised for the absorption of water and mineral ions from
the soil. It has a long, thin hair-like extension that increases the surface area for absorption. It also
contains a large vacuole with cell sap, which helps draw water into the cell by osmosis. In contrast,
a palisade tissue cell is specialised for photosynthesis and is found in the upper part of the leaf. It
contains many chloroplasts with chlorophyll to absorb light energy for photosynthesis. The cells are
long and closely packed together to maximise light absorption. A large vacuole helps maintain the
cell shape and pushes chloroplasts closer to the edge of the cell for efficient light absorption. In
summary, the root hair cell is adapted for absorbing water and minerals, while the palisade tissue cell

is adapted for photosynthesis. Their structures are closely related to their specific functions.
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Sample response 1 annotated

Prokaryotic and eukaryotic cells are similar because they both have DNA, which controls the cell’'s
activities, and a cell membrane, which regulates what enters and leaves the cell. Similarly, -
types of cells have cytoplasm, where chemical reactions occur. However, prokaryotic cells do
not have membrane-bound organelles whereas eukaryotic cells have specialised membrane-
bound organelles. Genetic material in eukaryotic cells is contained in a well-defined nucleus
while genetic material in prokaryotic cells floats freely in the region called the nucleoid within the

cell. Plant and animal cells are eukaryotic and bacteria are prokaryotic.
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Sample response 2 annotated

Prokaryotic cells do not have a nucleus or cell organelles. Eukaryotic cells have a nucleus and

cell organelles.

Note — Although this response uses scientific terminology, the terms have merely been listed. The

student does not demonstrate the same level of understanding as the student who wrote sample

response 1.
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How to use a microscope

> wN

. Turn the nosepiece so that the lowest power objective lens is clicked into position.

Place the microscope slide onto the stage and secure it with stage clips.

Turn on the light switch and adjust the brightness of the light using the light brightness control.
Look at the objective lens and the stage from the side and turn the coarse focus knob so the stage
moves upwards as far as it can go without the objective touching the slide.

Look through the eyepiece and adjust the coarse focus knob until the image comes into focus.

If required, move the slide around until the sample is in the centre of the field of view (the area you
can see through the eyepiece).

Use the fine focus knob to bring the sample into focus.

Adjust the diaphragm under the stage to control the amount of light passing through the specimen.
This can help enhance the contrast and clarity of the image.

When you have a clear image of your sample with the lowest power objective, you can change it to
the next objective lens. You may need to make adjustments with the fine focus knob and

diaphragm to focus the image.
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Sample response 1 annotated

The cell wall in prokaryotic cells is the rigid outer layer that surrounds the cell membrane. It is
made up of peptidoglycan, a polymer made of sugars and amino acids which provides strength
and structural support. This rigidity allows the cell wall to maintain and define the shape of the cell
even when external conditions change. In many environments, water tends to enter the cell by
osmosis, increasing internal pressure. The strong cell wall resists this pressure, preventing the
cell from bursting and helping the cell maintain its shape.
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Sample response 2 annotated

Cell wall helps maintain the shape of a cell because it s rigid

Note — although this response uses some scienific terminology, the terms have merely been listed.

The student does not demonstrate the same level of understanding as the student who wrote
sample response 1
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Match the structure with its function.

Word bank

Capsule

Ribosome

Nucleoid

Pili

Cell wall

Provides structural support and
protection to the cell.

Provides protection from
environmental conditions and
prevents the cell from drying out.

Region in the cytoplasm where DNA
is located.

Site for protein synthesis.

Helps the cell stick to surfaces.
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Match the structure with its function.

Word bank

Capsule

Ribosome

Nucleoid

Pili

Cell wall

Provides structural support and
protection to the cell.

Provides protection from
environmental conditions and
prevents the cell from drying out.

Region in the cytoplasm where DNA
is located.

Site for protein synthesis.

Helps the cell stick to surfaces.





image33.png




image34.png




image35.png
Nucleus

Nucleolus

Ribosomes
Rough
endoplasmic
reticulum
Smooth
endoplasmic
reticulum

Golgi apparatus

Cell wall

Cell membrane

Peroxisome

Chloroplast

Amyloplast

Mitochondrion

Vacuole

Cytoskeleton




image36.png
Structural Overview of an Animal Cell

Nucleus

Nucleolus

Mitochondrion

Rough
endoplasmic

Peroxisome c
reticulum

Lysosome Ribosomes

Vacuole
Smooth
endoplasmic
Centrosome reticulum

Cytoskeleton Golgi apparatus

Plasma membrane





image37.png
Match the organelle with its function.
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Takes nutrients the cell receives and
breaks them down to release energy
in a form the cell can use (cellular
respiration).

Contains chlorophyll, which is the
site of photosynthesis, the process
by which plants make their own food.

Controls all cell processes. It
contains DNA, which holds the

instructions for how a cell grows,
functions and reproduces.

Holds the organelles in place,
provides a medium for transporting
chemicals and is the site of many
chemical reactions.

Controls what enters and leaves the
cell. Provides a barrier between the
interior of the cell and its exterior.
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