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Group 26: Living Things and the Processes of Life – Energy Flow and Living Things

Key questions

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

· Where do green plants get their energy to grow?

· How do green plants make their own food?

· What is this process called?

· Where does photosynthesis take place?

· What raw materials are required for photosynthesis?

· How do the raw materials get into the plant?

· What are the products of photosynthesis?

Key ideas behind the key questions

· There is a flow of energy from the Sun to producer to primary consumer to secondary consumer, etc., in a food chain. Plants transfer light energy to chemical energy during the process of photosynthesis. Plants have the ability to produce food through the process of photosynthesis. The raw materials for photosynthesis are carbon dioxide and water. Carbon dioxide enters the leaves through tiny pores called stomata. Plants take in water through their roots. The products of photosynthesis are glucose and oxygen.

· At each stage in the food chain there is less energy available to be passed on to the next stage. Not all of the food eaten by a consumer is used for energy or for increasing biomass.

· Plant leaves absorb light energy. The wavelengths not absorbed give the leaves their colour. The absorbed light is used to convert CO2 and H2O into glucose and oxygen is the waste product.
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· Only green plants can make their own food. Animals obtain their food from eating plants or organisms that have eaten plants. Without plants life on Earth would not exist as we know it.

Attainment targets

	Attainment outcome – Living Things and the Processes of Life

	Group 26 – Energy Flow and Living Things
	Strand

	Identify the raw materials, conditions and products of photosynthesis. LT-E2.3
	The processes of life

	Construct and interpret simple food webs and make predictions of the consequences of change. LT-E3.1
	Interaction of living things with their environment

	Construct and explain food pyramids. LT-F3.1
	Interaction of living things with their environment


Finding out pupils’ present understanding

Use of objects/items, Concept cartoons’ and/or ICT are approaches that can be used to finding out pupils’ (mis)understandings.

1. Pass a piece of wood around the class. Prompt a discussion with the pupils about where they think most of the material for growth comes from.
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2. Possibly use Concept cartoon 7.3 ‘Plants and Animals.

3. A suitable animation/simulation/presentation or data-logging activity may help pupils’ understanding.

Pupils’ general misunderstandings

· The ‘food’ for plants comes from the ground.

· Plants grow food for people, not for their own growth.

· Plants ‘drink’ water and ‘breathe’ carbon dioxide, but these are not changed in the process.

· Photosynthesis is a substance rather than a process.

· Pupils seem to have an intuitive disbelief in weight increase and in growth due mainly to the incorporation of matter from a gas.

· Pupils find it difficult to believe that ultimately all animals depend on green plants for survival.

· Pupils tend to think that animals on higher levels in the food chain prey on all animals and plants below them.

· Pupils have difficulty with the concept of conservation of matter, which underlies many of the conceptual problems in this area.

Strategies for teaching key ideas

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

The exemplars shown below use the strategies of investigating to challenge pupils’ ideas using traditional investigative activities and/or ICT animation/simulation/data capture.

· Investigate the effect of light on covered and uncovered leaves of a destarched plant.

· Investigate the effect of different coloured lights on the leaves of a destarched plant.

· Using CO2 and O2 sensors, investigate the levels of gas levels in a closed system around a plant under different lighting conditions.

· Determine that plants produce sugar using Benedict’s solution.

Skill strand: planning for the task

The purpose of this activity is the assessment of skills. To make the assessment more manageable, the major skill focus for this activity is planning for the task. The activity also involves aspects of carrying out the task and reviewing and reporting but these skills are not being formally assessed during this activity.

This activity will assist in the development of skills in preparing for tasks across levels E/F.

	This will involve pupils in:

· identifying some key questions to investigate

· formulating a scientific hypothesis about the outcomes of their investigation

· making decisions about how to carry out a fair investigation

· identifying variables to investigate

· deciding how to find out which variables (outcome variables) may be dependent on the input variables

· selecting suitable apparatus to use

· deciding on which measurements to record and how the measurements will be recorded

· planning how to record and present their results.


Finding out pupils’ present level of skill

Use of objects/items, Concept cartoons and/or ICT are approaches that can be used to finding out pupils’ (mis)understandings.

A series of drawings used to generate a cartoon challenging pupils’ present conceptions.

Picture 1

· Three children are looking into a pond with a pond net; caption: ‘Look! There is some pondweed. Let’s get some out to look at.’

· ‘It is green. Our teacher has told us that green plants can photosynthesise’ says the first child.

· ‘What does that mean?’ asks the second child.

Picture 2

· One child is holding up a jar full of pondweed.

· ‘It is how plants make food. They use the energy from sunlight to make food’ replies the first child.

Picture 3

· ‘How do you know it’s the green part of the pond weed that makes food?’ asks the third child.

How would you find out?

Instructions to the pupils

Look at the cartoon. In your groups discuss the sort of investigation these pupils could do to find out if light is necessary for pondweed to photosynthesis. Make some notes.

Teacher hears a spokesperson from each group.

· Pupils are asked to design an investigation to find out if light is necessary for pondweed to photosynthesise.

· Pupils will be familiar with the starch test using Iodine solution from earlier work.

· Pupils may need reminding about photosynthesis using a word equation.
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The activities set out below give possible teaching strategies that will challenge the misunderstanding(s) pupils’ presently hold.

To demonstrate that plants produce O2 during photosynthesis. There are several approaches.

1. Using O2 sensor. In a sealed system the sensor will be sensitive to measure the changing O2 levels. Most household plants will suffice.

2. Using aquatic plants from garden centres. Pupils count the number of O2 bubbles as they appear. Point out assumption that the bubbles are O2 – could link to prior knowledge on testing for gases and be an extension to the planning stage for the most able pupils.

3. Collect gas produced by pondweed and test with a glowing splint to prove release of O2.

4. Use the protocol prescribed by SAPS for using ‘Algal Balls’. Download protocol from: www-saps.plantsci.cam.ac.uk/worksheets/ssheets/ssheet23.htm
The above suggestions allow factors such as light intensity, colour of light, etc., to be investigated. Sources of light could be a torch, candle, lamp, sunlight, and lamps with red, blue and green filters. Note the season of the year can affect the rate of photosynthesis depending upon the type of plants used.

· Pupils generate questions that could be investigated by asking each group of pupils to name an input variable that is different from every other group.

· Display a range of labelled equipment that could be used, for example rulers, lamps, Coloured filters, corked tubes, delivery tubes.

· Provide a planning template that supports pupils through their planning, as the example below.

	Give your investigation an appropriate title. Talk to other people in your group and then decide what you will investigate.

· Think about how to make sure your investigation is a ‘fair test’:

· Think about the best way of controlling the variables.

· Write down how you propose to carry out your investigation.

· Remember to:

· list the apparatus you will use

· say what you propose to measure (the variables), their range (values) and how you will do it

· state clearly which variables you will change, which you will keep constant (control), and how you will keep them constant

· how many results you intend to take (think about sampling) and the reason why

· what precautions you will use to be accurate

· any safety precautions you need to take

· make a prediction about the relationship you expect to see from your results, and use your scientific knowledge to explain why you expect this

· write your prediction down.

· Decide who will do what in your investigation team. You may decide to work on your own. Carry out your investigation as accurately as possible, and make notes.

· Do not forget units! Think about how you are going to organise and present your results.


Challenges for pupils

· Selecting one or two variables to investigate and ignoring others

· Identifying input (independent) and outcome variables (dependent)

· Hypothesising likely relationships between these variables

· Repeating results for reliability

· Measuring to an appropriate level of accuracy

· Controlling variables

To investigate feeding relationships in the environment these approaches could be used.

· Investigate what crop plants provide the majority of the food for humans.

· Construct a story picture board to show what would happen to the Earth and its animals and plants if a global disaster shut out the sun.

· Investigate how human activities are upsetting the balance of gases in the Earth’s atmosphere.

· A food-chain cut-out sheet with blank food chains and separate diagrams of producers and consumers, which the pupils have to match and then stick on in the correct order.

· Leaf litter could be collected and the pupils could sift through to find examples of producers and consumers.

· Pupils are introduced to food webs found in their own local habitat. They are given the opportunity of discussing altering the numbers of organisms/removal of one species, and the impact of this in the local habitat. Pupils could present their research in a variety of ways, for example poster, newspaper article, etc., consider how many, for example, rabbits a single fox would require to eat in its lifetime; discuss reasons for this (ref to work on food chains).

· Examine data relating to numbers of individuals at each feeding level within a variety of conventional food chains.

· Construct 3-D models of pyramids of numbers from rectangles of, for example, polystyrene, plywood the size of which is proportional to numbers of individuals.

· Derive a general rule that numbers decrease at each feeding level.

· Complete a worksheet of 2-D representations of models to examine data relating to the mass of individual organisms in conventional food chains. Relate these data to the number of organisms at each feeding level.

· Examine data relating to the mass of individual organisms in unconventional food chains. Construct ‘upside-down’ pyramids of numbers from these data.

· Discuss the concept of biomass; calculate the biomass of pupils in the lab.

· Calculate the biomass of organisms present at each feeding level within conventional and unconventional food chains.

· Complete a worksheet of 2-D representations of pyramids of biomass.

Background information for teachers

· The raw materials for photosynthesis are carbon dioxide and water. Carbon dioxide enters the leaves through tiny pores called stomata. Plants take in water through their roots. The products of photosynthesis are glucose and oxygen.

· Glucose produced during photosynthesis is used straight away to provide energy for growth. Excess glucose is stored in the plant cells of green leaves as starch. It is difficult to show that green plants make glucose during photosynthesis but an experiment can be carried out to show that starch is made and stored in the leaves.

· A plant deprived of light cannot make starch. Light is required for photosynthesis. When a variegated leaf is tested for starch only the green sections make starch. Chlorophyll is required for photosynthesis.

· CO2 is required by a green plant to make starch if a plant is deprived of H2O it will die.

· Oxygen is released during photosynthesis; this can be shown in an experiment using pondweed. The bubbles of O2 given off can be counted over a period of time and this is a way of indicating the rate of photosynthesis.

· Only green plants can make their own food. Animals obtain their food from eating plants or organisms that have eaten plants. Without plants life on Earth would not exist as we know it. The photosynthesis equation needs to be ‘balanced’ with the equation for aerobic respiration.

Aerobic respiration:
Glucose + oxygen → energy + carbon dioxide + water

Photosynthesis:
Carbon dioxide + water → glucose + oxygen

· During photosynthesis the oxygen released replaces the oxygen used up by in aerobic respiration.

· The carbon dioxide released by aerobic respiration is used by plants for photosynthesis and so a balance of gases is maintained.

· Green plants convert light energy from the Sun to chemical energy during the process of photosynthesis. These green plants are called ‘producers’ because they provide food for animals. Organisms that feed other living things are called ‘consumers’. ‘Predator’ is the name given to any animal that hunts then kills another animal. The animal hunted is called the ‘prey’.

· A food chain shows energy flow between organisms in a feeding relationship. This energy flows from the Sun to the producer and then to the consumers in a food chain when they feed.

· A food web is a representation of interconnected food chains in an ecosystem. The arrows in a food web indicate the direction of energy flow. At each stage in the food chain there is less energy to be passed on to the next stage. Not all of the food eaten by a consumer is used for energy or for increasing biomass.

How do we know that understanding has progressed?

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

Pupils describing ideas

· Pupils describe the process of photosynthesis with the aid of diagrams/posters/ICT animation/simulation.

· Pupils describe the flow of energy in a food chain with the aid of diagrams/posters/ICT animation/simulation.

· Pupils describe the energy flow in a food web with the aid of diagrams/posters/ICT animation/simulation.

Pupil presenting ideas

· Pupils demonstrate the process of photosynthesis by monitoring the CO2 levels.

· Pupils demonstrate increase of O2 levels due to photosynthesis in a closed system using ICT data-logging techniques.

· Pupils demonstrate food chains and food webs using ICT simulation in terms of effect of numbers of predators and prey.

Checking questions

· What happens to the level of CO2 when more light shines on the plant?

· What happens to the level of O2 when more light shines on the plant?

· What do plants produce food for?

· What is chlorophyll?

· What does chlorophyll do?

· Give an example of a simple food chain.

· Give an example of a simple food pyramid.

Pupil explanation

· How would you explain to someone (brother, sister, parent, friend) else where the energy in your milk drink came from?

· How would you explain to someone that plants can make food?

· How would you explain the benefits of a food web to the survival of animals?

Reflective questioning

· Where did you think food came from before you started this group (unit, topic, project …)? Do you still think that? If you have changed your mind, what helped change your mind?

· What did you do to show this?

· Is there anything you learnt in this group (unit, topic, project …) you found difficult?

· Is there anything that you have learned in this group (unit, topic, project …) that surprised you?

· Where do plants get most of their material for growth from?

· What are the advantages of a food web?

Key words and phrases

The pupils begin to use the following words correctly within a scientific context.

Photosynthesis, chlorophyll, energy transfer, producer, consumer, food chain, food web, biomass, energy conservation, predator, prey, variables, values, input, outcome, fair test, plan, sequence, record, relationship, predict, hypothesis, reliable, accurate, repeat.

Related science concepts already covered

It is important to build on pupils’ prior learning.

The activities in this group relate to:

	Group 5 (Energy for Living Things)
	Construct simple food chains
	LT-B3.2

	Group 8 (Plants and Animals)
	Identify the main parts of flowering plants
	LT-B2.4

	Group 14b (Living on Earth – Plants)
	Describe the broad functions of the main parts of flowering plants
	LT-C2.4


Future learning

This section will link with the following units in S3/S4.

	Standard Grade Biology:
	1b – Investigating the Biosphere: How it Works

2c – The World of Plants: Making Food

	Intermediate 1 Biology/Access 3 Biology:
	3a – Growing Plants: Growing Plants from Seeds


Effective use of ICT

In situations where it is difficult to illustrate key concepts by appropriate activities, ICT can provide effective alternatives, for example animations/simulations/modelling or data capture.

· Use of computer data-logging can be a very effective strategy in developing understanding of the concept of photosynthesis.

· Use of computer simulations/PowerPoint presentations can be a very effective strategy in developing understanding of the concept of energy flow in food chains and food webs.

Websites

Most references to Pyramid of Numbers also refer to Pyramid of Biomass. The following list applies to this 

· www.rspb.org.uk/teaching/onlineresources/science/pyramid.asp

· www.learn.co.uk/default.asp?WCI=Unit&WCU=2400

· users.rcn.com/jkimball.ma.ultranet/BiologyPages/F/FoodChains.html#EnergyPyramid

· sftrc.cas.psu.edu/wildlife_lessons/ecological_pyramids.htm

· www.communitiesonline.org.uk/science/Pyramid_of_numbers.htm

· www.standards.dfes.gov.uk/schemes2/secondary_science/sci08d/08dq14?view=get

· www.bbc.co.uk/schools/gcsebitesize/biology/ecology/foodchainsandwebsrev4.shtml

· www.rspb.org.uk/Images/feeding_tcm5-48485.pdf

· www.chigwell-school.org/academic/departments/science/gcsebiology/gcseresources/ecolinternetcourse/PYRAM.htm

· www2002.stoke.gov.uk/museums/pmag/nathist/environment/content2/deciduous_woodland_foodweb_k4.htm

· www.ridingshigh.org/science2/EJH/Powerpoint presentations/GCSE Food chains and webs.ppt

· www.bwctc.northants.sch.uk/ppoint/science/revision/Ecology revision.ppt

· www.arcytech.org/java/poulation/facts_foodchain.html

· www.broadwaters.fsnet.co.uk/food-web.htm

Other suitable resources

CD-ROM

· Food Chains and Webs, Cyber Ed Inc.

Provides an interactive look at food chains and food webs.

Videos

· Ecosystems, Curriculum Video Ltd

· Food Chains and Webs, Boulton-Hawker Films Ltd

PowerPoint

A PowerPoint presentation could be used to build up food webs.

Posters

· Pond and Woodland Food Webs, Shell Education Service

· The Energy Connection, Shell Educational Service

Concept Cartoon 7.3, Plants and Animals, p. 49

Textbooks are available in schools.

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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