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Overview

Key questions

To develop understanding of the key scientific principles of the group of attainment targets.

· Why do living things have cells?

· How do cells work?

· How can a microscopic cell play a role in the life processes of a complete organism?

· Why are some cells specialised?

· What is it that allows cellular chemical interactions to be so efficient?

· What restraints are there on the cell’s chemical activities other than the supply of materials?

Key ideas behind the key questions

· The body of any living thing (plant or animal) is composed of tiny cells (in multicellular organisms there are millions of cells).

· A cell can perform all the life processes; it is the basic unit of life.

· It is more efficient for a cell to be small rather than large.

· Cells have an infra-structure – organelles with specific jobs, mostly organised and controlled by a nucleus (exception: prokaryote cells).

· Cells are made of materials. These materials consist of molecules of substances (proteins, fats, carbohydrates, etc.).

· Cells, however microscopic, are made of molecules that are far more tiny.

· Plant and animal cells have the same organelles for performing the basic life processes but are different in that plant cells have a cell wall and contain chloroplasts containing chlorophyll necessary for the plant-specific function of photosynthesis. Plant cells have one large vacuole, as opposed to various small ones in animal cells.
· Cells can specialise (usually change shape, size or surface features) to do different jobs.

· For the body to function healthily, cells work cooperatively in groups according to their specialisation. Groups of cells performing the same task, working together, are called tissues. Tissue types working together form organs. Organs, tissues and cells working together form systems. Each system deals with some aspect of the living processes of the organism.

· Life processes depend upon the chemical interactions of the substances in the living cell.

· Most cellular chemical interactions are controlled by enzymes.

· Enzymes are biological catalysts. They are proteins and therefore their activity is subject to pH and temperature.

Attainment targets

	Attainment outcome – Living Things and the Processes of Life

	Group 33 – Cells and Cell Function
	Strand

	Identify and give the functions of the main structures found in plant and animal cells. LT-E2.1
	The processes of life

	Describe how different cells are adapted to their functions. LT-F2.1
	The processes of life

	Describe the function of enzymes in the control of cellular reactions.     LT-F2.3
	The processes of life

	Describe the effect of pH and temperature on enzyme activity. LT-F2.4
	The processes of life


Developing informed attitudes

· A commitment to learning: working independently and with others to find solutions to scientific problems.

· Social and environmental responsibility: the importance of the interrelationships between living things and their environment.

Teaching and Learning

Related science concepts already covered

It is important to build on pupils’ prior learning.

Groups 14 a and 14b: Living Things Animals and Plants

Group 17 Human Body and Reproduction

Group 26 Energy Flow for Living Things

Future learning

This allows teachers to set the scene for future learning.

The activities in this group relate to:

· Standard Grade.

Finding out pupils’ present understanding

The following activities are an opportunity for formative assessment that provides evidence and a basis to plan next steps in learning. Repeating these tasks at the end of the topic will show how the pupils’ understanding has developed.

1. Brainstorm with the children: What is a cell? Where are cells found? What is the purpose or job of a cell?

2. Ask pupils to draw and label a cell and its parts. This could be extended by asking them to state the role of each labelled part. This should show the extent of their knowledge.

3. Separately ask them to draw a molecule.

4. Ask pupils whether something so small as a cell could differentiate or ‘specialise’.

5. Ask pupils how they think an organism with possibly millions of cells could possibly function if there were so many units, each functioning independently.

6. Ask pupils if they can think of any cells that are different within an organism – can they give examples or draw how they are different?

7. Can they say what the difference is between a cell and a molecule?

8. Give a worksheet or provide a set of cards with a variety of living and non-living things. (Appropriate images can be found on this CD-ROM.) Ask them to sort into groups by writing a ‘C’ by those objects made of cells, and an ‘M’ by those objects made of molecules (but not cells).

9. Do a card sort of statements of real, possible and false living characteristics. Use ‘true’, ‘false’ and ‘not sure’. Discuss results.

10. Have pupils explain what, if anything, happens in the cell.

11. Brainstorm what pupils know about enzymes. They may have familiarity with the term through bio-soap powders, may know that enzymes act in digestion – equally these may be incompletely understood and familiarity may cause more confusion than clarity.

Pupils’ general misunderstandings

· Pupils often think ‘cell’ is any small unit discussed in relation to living things. They often confuse the concept of ‘cell’ and ‘molecule’.

· Pupils often think only certain parts of the human body and other living things are composed of cells (for example, only the skin).

· Many think cells have a skin (the membrane), which is full of amorphous jelly.

· Some pupils think a cell is like a tiny being with miniature replicas of the organs of the multicellular being.

· Some think the nucleus controls the cell in a conscious way.

· Many pupils that have some concept of ‘cell’ believe all cells are identical.

· Pupils often find it difficult to understand that even at this microscopic level cells can vary in order to perform specialised tasks.

· Some pupils find it difficult to imagine that cells can act in organised groups in order to perform whole-body activities.

· Many pupils are unaware that chemical interactions occur in the cell or that this is where true respiration takes place.

· Many pupils believe that enzymes are themselves living organisms.

· Pupils often think that enzymes are only involved in digestion (and then only in the stomach!).

· Pupils may believe that ‘enzyme’ is just one ‘thing’, is non-specific and is able to act in any interaction.

· Pupils tend to talk of enzymes being ‘killed’ by heat, forgetting that it is only a molecule of protein and not an organism.

· Pupils often believe that the enzyme is ‘used up’ like the substrate.

· Pupils may think that enzymes act independently of everything and are not affected by the environment in which they are working.

Strategies for teaching key ideas

The activities set out below give possible teaching strategies that will challenge the misunderstanding(s) pupils presently hold.

Strategies – A

(a) As a class demonstration, construct a cell model that shows the four basic parts of a cell. Use gelatine/jelly for the cytoplasm, a resealable plastic sandwich bag for the cell membrane and a large slice of cucumber for the nucleus (The cucumber skin left on will serve as the nuclear membrane!). Discuss the role and importance of each.

(b) Brainstorm with pupils any other ‘parts’ or organelles they may know of and what their functions are. Have ready a variety of edible items that could be used to represent these organelles. Have children work in pairs or groups to ‘construct’ a model cell using the extra items. They must be able to explain to the rest of the class what each item represents (for example dried cherries as mitochondria, raisins as ribosomes, grapes as vacuoles, rolled-up fruit strips as endoplasmic reticulum, etc.). Get the pupils to make their own suggestions! The only thing that will not work is pineapple or papaya because their enzymes will prevent the jelly from setting – though this could be useful for discussing the role of enzymes later!

(c) While all animal cells are basically the same, plant cells and animal cells do differ. Brainstorm with pupils or ask them to research the principle differences and their uses. (Plant cells have a cell wall, contain chloroplasts and have a large central vacuole for storage.) Demonstrate the role of the cell wall for plant cells using a balloon within a small plastic bottle or resealable plastic bag. Air blown in represents water uptake, etc. This shows the role of the cell wall in limiting water uptake and preventing the cell bursting and shows how it also keeps a shape when the cell loses water (discuss ‘turgid’ and ‘flaccid’).

1. Why tiny cells?

1. The function of a cell’s membrane is to control substances that enter and leave the cell. For this reason, a cell must have enough surface area to supply the internal volume with enough nutrients, gases, and other necessary substances. Explain to pupils that one reason cells are so small is because this size provides a high ratio of surface area to volume.

2. To demonstrate the importance of cells’ tiny size, have pupils calculate the ratio of surface area to volume for different-sized cubes, imagining that the cubes represent cells. This calculation is done by measuring the length of a side and using the following formulae.

Surface area of cube: 
length x width x 6

Volume of cube:
length x width x height

Surface area-to-volume ratio: 
surface area

    volume

3. Have each pupil or group create a chart displaying the surface area, volume, and surface area-to-volume ratio of different-sized cubes. Ask them to suggest how size affects a cell’s ability to function.

This should link with the next two exercises.

2. There is greater safeguard against malfunction of a part if all its components are capable of performing essential functions + the small size of cells allows for efficient delivery of materials to the cell’s organelles for its activities and efficient delivery of waste away from the cell. Demonstrate this with a game, as follows.

‘Efficiency Race’

· Have four pupils deliver materials (Unifix cubes or Lego pieces that need to be fitted together) to two ‘cells’. One ‘cell’ should have only four pupils in a ring (= the cell membrane) around a central person (= the nucleus). The other should have the remaining pupils (preferably more than four) also around one.

· Distance the ‘membrane’ from the ‘nucleus’ by placing sheets of A4 paper on the ground. In the small ‘cell’ only, place two sheets leading from each pupil to the centre. In the larger ‘cell’ place six sheets between pupils and the centre.

· Equal amounts of materials will be delivered to each pupil in each ‘cell membrane’ but they can only accept and deliver these one-by-one to the ‘nucleus’ by moving to the nucleus stepping only on the A4 sheets. They can only return to their outer circle position for more material when the ‘nucleus’ has received their material.

· The ‘nucleus’ must fit the materials together and may not receive more delivered material until the materials they hold are fitted together.

· Start the race to see which ‘cell’ gets all the materials fitted together in its ‘nucleus’ first.

It should be clear that the larger the cell is, the less efficient it is at delivering materials.

3. How does a cell allow substances to cross its membrane while preventing its contents from leaking out? Active transport across the membrane need not be dealt with at this stage, though it could be mentioned. Many cells use a process called endocytosis to transport materials across membranes (for example white blood cells).

Endocytosis model

(a) Have pupils stand shoulder-to-shoulder and form two large circles, one inside the other. These circles represent the double layers of a cell membrane.

(b) Invite one pupil to stand outside the circles and represent a food particle that will travel across the membrane.

(c) Challenge pupils to devise a way to get the food particle inside the cell.


Tell pupils they must stay shoulder-to-shoulder and the two layers must stay directly next 
to each other. Remind them that if they expose the interior of the ‘cell’ the contents will 
leak out and the cell will die. (Hint: designate one student as the ‘nucleus’. Have him or 
her stand in the centre of the cell inside the membranes and give directions to other 
pupils.)

(d) If pupils are unable to solve the problem, show them this endocytosis diagram. This depicts how endocytosis actually works. 

[image: image1.jpg]5.

INORER(O

particle
double-layered
e vacuole
mem
(membranes
reversed)

Diagram showing cell endocytosis



Strategies – B

1. General introduction: Use miscellaneous prepared slides (from any biological supplier, for example Blades Biological, Philip Harris, etc.). Use of a variety of cells from different living things will begin to show that all organisms are made of cells, especially if there are some slides of non-living things that do not exhibit cellular structure. Put pupils in teams and set slides up as a ‘circus’. Teams have three minutes to view each specimen and all team members must draw, label and agree on what they think they see. They should note common features for slides as well as clear differences. Discuss their findings. (This will involve instruction in use and care of the microscope – of standard equipment or use of digital microscopes. The latter are useful, especially if used with an interactive whiteboard so that it is clear that pupils are all seeing what they ought! Schools will have their own manuals for microscopy, slide preparation and staining, which are not dealt with here.)

2. Direct comparisons, for example of plant cells. Prepare slides from onion cells and elodea leaf and view. Draw observations. Both are plant cells. Discuss why they are different. (Elodea leaf, with green chloroplasts, has to photosynthesise; onion cells being underground are not exposed to light and are not needed to photosynthesise. Staining for starch will show that the onion cells’ role is principally storage.) Discuss and prepare a chart showing the differences between the cells and say why they are different.

3. Some living things consist of a single cell. These may not be neatly classifiable as either plant or animal, but they are excellent both for observing as ‘living entities’ that perform all living processes, and for seeing how different cells can be. Live samples can be obtained from biological suppliers, for example amoebae, paramecium, euglena, etc. Have children study and make drawings showing the organisms changing.

4. Use prepared slides, pictures or internet images for microscopic study of cells that have specialised within one organism. Human nerve cells, cheek cells, red blood cells, phagocytes, sperm for example all show different morphology according to their function. Have pupils observe, draw and note these differences, then brainstorm with them why the shape of the cell might serve a purpose in its function.

5. The following exercises should help demonstrate the importance of organising cells (and hopefully emphasise that plant, as well as animals, organise their cells).

(a) How does organising cells to form a vascular system (‘plumbing’) help a plant grow taller/stronger?


Plants without plumbing

i. Give each group 15 rectangular pieces of paper. Imagine that each piece of paper is a block of cells.

ii. With their blocks of cells, groups must build the tallest paper ‘plant’ that they can, making sure to keep their cells flat. They must not bend, fold, curl, crinkle or in any way shape their cells!

iii. In order to be considered a successful plant, the blocks of cells must stay standing for at least five seconds.

iv. Each group should use a ruler to measure how tall their plant is, and then compare it with the other plants in the class.

v. Pupils should record the height of their own plant, the height of the tallest plant in the class, and draw and label a sketch of each, showing how the cell blocks are stacked.

vi. Give a time limit for building – between three and five minutes.


Plants with plumbing

i. Having finished recording the above, use the same 15 pieces of paper, with 15 pieces of tape (3 x 1 cm) to form the cells into tubes. Groups may choose to keep some cells flat if they wish. They must not tape two or more cell blocks/tubes together.

ii. Using the cell block tubes, each group must now try to build the tallest plant they can. It also must stand for five seconds to be successful. Give the same time limit for this building exercise as the first.

iii. As before, measure the height of each group’s plant. Pupils should record the height of their own plant, the height of the tallest plant in the class, and draw and label a sketch of each, showing how the cell blocks are stacked.


Questions

· Was it easier to build a plant with the single, flat cells or with cells grouped as tubes?

· Which system made the tallest plant? Discuss the results altogether. How would this compare with a real plant?

(b) How does organising cells to form a vascular system make a plant a more efficient transporter of water/food?


Game

i. Divide the class: half will be ‘water drops’, the other half will be ‘plant cells’. One pupil will need to time each round and record it.

ii. Each ‘water drop’ has a set of paper tags/stickers. These tags represent water molecules.

iii. Each ‘water drop’ must deliver a water molecule to each plant cell by placing the tag/sticker on the ‘plant cell’s’ back or outstretched arms.

iv. The goal is for the class to deliver all the water molecules evenly to all the cells in the least amount of time.

Round 1, trial 1: Have the ‘plant cells’ spread throughout the room. With the class, decide whether the ‘water drops’ will travel randomly through the room or will follow a set course. Start the clock when the first ‘water drop’ begins delivery and stop the clock once the last water molecule (tag) has been delivered by the last ‘water drop’.

Round 1, trial 2: To speed delivery, agree any adjustments of movement, if necessary then begin again.

Round 2, trial 1: Have the plant cells line up in two lines, representing a tube. As the first ‘water drop’ runs down the tube, start the clock. Stop the clock once the last ‘drop’ has delivered the last water molecule.

Round 2, trial 2: Try again, making any adjustments that the class decides will make the delivery faster.


Questions

· Which trial was completed in the least amount of time? 

· How did arranging or organising the ‘plant cells’ change the time taken to distribute the water molecules?

v. (a) Suggest to pupils the idea of one unit being built up by number and arrangement to form bigger and more complicated things, performing different functions.

Suggest using a single brick and have them brainstorm how this could be used in multiples to make other things. They could be given Lego or building blocks to work with to make this a more kinaesthetic learning experience! Have them report back and discuss.

For example, a single brick – hard, cuboid piece of matter – can still come in different shapes and sizes, and even colours. – It could be used as a door-stop, or plant-pot base. 

(b) Several bricks could then be used to make a pavement. More could be stacked to make a wall. They could be further stacked to make a chimney. Even more could be used to make a whole house. The brick is the basic building unit or building block, yet put together in different ways and numbers it forms several things, all of which could be part of a house. Similarly an analogy could be made to a snowflake as a basic building block for a snowman.

(c) Connect exercises a) and b) by comparing the brick and the snowflake to individual cells. Be very clear that they each represent a cell in different models. The brick house and the snowman represent the body. Have pupils work in groups to brainstorm/research how cells might be grouped and organised in the bodies and give specific examples.

Strategies – C

1. Work with single-celled animals in different conditions to show how their actions and reactions are affected by presence or lack of materials for cellular functions.

Most schools will have their own experimental procedures for studying enzymes in action – both how they act (in degrading or synthesising reactions) and how they are affected by their environment (temperature and pH in particular). These practicals will not be dealt with here.

(a) Have pupils prepare a cartoon-strip sequence showing how enzymes work in a reaction.

(b) Have pupils complete or fill in the missing steps in the sequence of enzyme action.


(c) Prepare a set of pictures showing the steps in enzyme action and have pupils sequence them.

2. Prepare a picture/poster about an experiment using enzymes at different temperatures or at a certain temperature. Ask pupils what they think will happen if the temperature is raised (a little; a lot), or lowered (a little; a lot). Have them record their prediction. Then perform the experiment (or have them do it), observe what happens and explain the results. Pupils may not have met the idea of protein denaturation when heated too high. Demonstrate with egg white the effect of high heat when discussing the protein nature of enzymes.

3. Give pupils an incomplete table or chart and some information about the missing data for an experiment on enzyme activity at different pH or temperatures. Pupils must work out how to fill in the missing sections. Alternatively they can create a table or chart from information that you provide. Have pupils draw a graph with the results you have given them and use the graph to guess at the missing results. Have pupils look for a pattern in the results and discuss.

Innovative homework

· Produce an edible cell (either cake or large cookie) with toppings resembling the structure of cell parts and with attached flags giving the function of each organelle.

· Construct a chart naming the cell organelles and their function, with columns entitled plant, animal or both, and complete to show the differences in the structure of plant and animal cells clearly.

· Give the pupils a list of words and have them prepare a graphic organiser to show human body organisation, for example cells, tissue, organ, system, whole organism, ‘work together’ x 4, bone, muscle, nerve, brain, stomach, heart, skeletal, muscular, circulatory, digestive, respiratory, excretory, endocrine, nervous (not necessarily in this order!).

How do we know that understanding has progressed?

The following strategies can be used to find out that learning has progressed.

· Have pupils repeat the original exercise of drawing and labelling a cell and saying what the functions of the cell organelles are.

· The cell and the city – Explain to students that, in many ways, a cell is similar to a city. Each organelle in a cell performs a function, just as a building/location in a city does. Review the functions of different city structures and ask pupils to complete a graphic organiser comparing and matching the functions of cell organelles with parts of the city, for example the nucleus is similar to the city hall because the nucleus contains information for building and operating the cell, while City Hall contains information for building and operating the city.

· (Use city or town hall – nucleus, city limits – cell membrane, city dump – lysosome, power plant – mitochondrion, factory/ies – ribosome/s, motorway – endoplasmic reticulum, post office – golgi body, Grocer’s – vacuole; (in a plant cell: city wall – cell wall, farm – chloroplast).

· Assess homework and ICT activities – especially the PowerPoint presentation.

· Have the pupils explain their graphic organiser showing human body organisation (homework exercise).

· Give pupils a sheet with drawings/pictures of different cells and have them explain how each is adapted for its particular role.

· Several of the activities suggested above as strategies, homework or ICT activities could be assessed or repeated with minor variations to check that understanding has progressed.

Key words

Pupils begin to use the following words correctly within a scientific context.
Cell, cell membrane (plasma membrane), nucleus, organelle multicellular, unicellular (microscope terminology), enzyme, substrate, catalyst, pH, temperature.

Effective use of ICT

· Produce a computer drawing of a plant or animal cell where clicking on each part reveals its name and function.

· Prepare a PowerPoint presentation on the structure and function of a plant or animal cell.

· A microscope connected to a digital video camera, or a digital microscope, provides an excellent way for a whole class to view unicellular animals and their activities. View either as a video clip or in real time using an interactive whiteboard.

· View internet sites (for example Cells Alive or Cells4kids, etc) that have clear pictures and, in some, animated digital clips. Use of an interactive whiteboard allows this to be a possible class activity.

· Internet use will reveal several good interactive demonstrations on enzymes. Try www.chem4kids.com/files/bio_enzymes.html or http://web.ukonline.co.uk/webwise/spinneret/other/enzyme.htm
· Use a good graphing programme to present results in graph form from any experiment performed in class, or use a table of results provided. Be able to interpret the graph and make inferences from the trends it may show.

Checklist for formative assessment

1. Plan for an effective learning environment

· Share learning intentions and success criteria with pupils.

· Plan classroom activities to give pupils the opportunity to discuss their thinking so that feedback can help develop it.

· Plan oral and written feedback so that it guides improvement in individual and group learning.

· Plan activities that promote or encourage collaboration so that everyone is included and challenged, and train pupils to listen to and respect one another’s ideas.

· Plan tasks in a way that requires pupils to use certain skills or apply ideas.

· Ensure that pupils are active participants in lessons.

2. Gathering information about pupils’ learning and encouraging pupils to review their own work critically through self- and peer assessment

· Observing pupils – this includes listening to how they describe their work and their reasoning.

· Questioning, using open questions phrased to invite pupils to explore their ideas and reasoning.

· Gather evidence as pupils demonstrate and communicate their thinking through a range of classroom activities, for example drawings, artefacts, actions, role play, and concept mapping, as well as writing.

· Discussing key words and how they are being used.

· Using summative assessment as a positive part of the learning process to plan revision and direct learning.
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