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Group 27: Living Things and the Processes of Life – Towards Evolution

Key questions

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

· What is our place in the world?

· What makes our world change?

Key ideas behind the key question

· Variation between different members of the same species of living things can be caused by either inheritance or environmental factors.

· Physical factors such as altitude, climate, soil type, etc., can determine the types of plants and animals that are found in different locations.

· Changes in these physical factors can lead to destabilisation of the population of living things in the environment and a subsequent change in the numbers of a particular species present.

· Different species of living things have evolved over time due to changes in the genetic composition of a population.

Attainment targets

	Attainment outcome – Energy and Forces

	Group 27 – Towards Evolution
	Strand

	Give examples of inherited and environmental causes of variation.   LT-E1.3
	Variety and characteristic features

	Give examples of physical factors that affect the distribution of living things. LT-E3.3
	Interaction of living things with their environment

	Describe what is meant by an abiotic factor and give some examples of how these can be measured. LT-F3.3
	Interaction of living things with their environment

	Describe examples of competition between plants and between animals. LT-E3.2
	Interaction of living things with their environment

	Give a simple description of the theory of evolution and explain how species survive or become extinct. LT-F3.2
	Interaction of living things with their environment


Finding out pupils’ present understanding

Concept cartoons

Concept cartoons 7.10 – Rabbits and Foxes; 7.11 – Cactus Spines and 7.12 Baby Blackbirds can be used as a stimulus for group discussion and as a method of formative assessment in determining the pupils’ understanding of how living things have adapted to their environment and how they interact with the environment. Pupils can then be encouraged to research their ideas using appropriate CD-ROMs/computer programmes, internet or through investigation.

Card sort

Pupils could be given a selection of cards that illustrate a variety of living things demonstrating adaptations, for example animals with camouflage patterns, animals that change coat colour/plumage to reflect seasonal change, plants like cacti that have adaptations due to their habitat, etc. The task is to sort the cards into three piles – ‘inherited adaptation’, ‘environmental adaptation’ or ‘not sure’. The aim of this activity is not to get the ‘correct’ answer but to generate discussion, with pupils justifying the reasons for their classification.

Thought experiment

The example of the ‘Predator–Prey’ thought experiment on page 138 of Active Assessment by Stuart Naylor, Brenda Keogh, and Anne Goldsworthy can be used to get the pupils to think about the competition between different species of animals and what happens when the environmental factors are altered.

Making a list

Pupils could be asked to make a list of species of plants or animals that they can identify demonstrating an inherited or environmental adaptation, and describe briefly what that adaptation is, for example ‘Ptarmigan have feathered feet to stop them sinking in the snow at high altitudes’, ‘Giraffes have long necks to let them reach their main source of food’, ‘Sycamore seeds have “helicopter wings” to allow them to be carried by the wind’.

Pupils’ general misunderstandings

· The animals and plant species that are present in the world today have always been present in that form.

· It is always the biggest animal/plant that wins in competition with other species.

· When a food source is no longer available, animals will simply eat something else.

· Inheritance is only about (or genes only control) how you look, not how you behave.

· Variation is about animals; plants of one kind are all the same.

· Competition in the wild is always between different kinds of animals; they help their own kind.

· A long-lived plant will always 'win' competition with a short-lived one (but think of perennial garden plants choked by chickweed).

· All species survive for about the same length of geological time – new species are still here and all the earliest ones have gone.

· Species only become extinct because of the interference of humans.

· Human action is the most important cause of extinction. (May be so now, and idea may be developed by units heavily into conservation, but things went extinct long before we were here, some major climatic changes killed off large percentages of species at one time.)

Strategies for teaching key ideas

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

Possible investigative approaches

Strategy 1 – To investigate whether the number of seeds (mustard seeds are ideal) germinating is proportionate to the space available to them. Pupils could choose a range of criteria for ‘good growth’ and suggest one to measure while planning the investigation but this should not preclude recording additional and perhaps unexpected observations as the investigation progresses. It is also important to ensure that the difference between germination and subsequent growth is understood.

1. Set up a number of Petri dishes with moist filter paper or, alternatively, moist paper towel in aluminium cup cake containers can be used.

2. Put different numbers of seeds in each dish, for example 10, 20, 30, etc., and observe growth over a period of several days.

3. Count the number of seeds in each dish that successfully germinate.

4. Answer the following questions.

(a) Proportionately, do more seeds germinate when the Petri dish has more or less seeds in it?

(b) What other factor(s) may be affecting the numbers of seeds germinating? (Some seeds may be ‘bad’ seeds.)

5. Pupils can record their findings in different ways, for example diagram, graphs, etc.

6. The results will hopefully be able to show how competition affects growth but pupils can also be asked to speculate on how this can alter the survival of the species.

Strategy 2 – Similar investigations to the above can be carried out by setting up a series of dishes containing the same number of seeds and placing them in different settings and observing germination and growth over a period of days, for example placing one Petri dish in a fridge, one near a radiator, one in a darkened cupboard, etc. Pupils again make observations and record their findings. Pupils discuss their observations and draw conclusions.

Strategy 3 – To investigate the effect of changing factors in the environment, small aquatic creatures can be observed. Suitable species are sea monkeys (which can be purchased readily in many high-street outlets), triops (these are mini-versions of horseshoe crabs and are very old in evolutionary terms), which can be purchased from Interplay www.interplayuk.co.uk and daphnia. By observing the behaviour of the creatures in different conditions the pupils can draw conclusions as to their preferences.

Strategy 4 – A similar investigation to the above can be carried out by placing slaters in a tank and blacking out one half of the tank while leaving the other half in direct light. Observe where the slaters instinctively gather; the speed at which they move (they will move more quickly in the light and more slowly in the dark). This strategy may have been covered in primary school (Group 21) however can be carried out here otherwise.

Strategy 5 (Field Work) – To investigate the effect of the rate of flow of water on the vegetation growth. (This activity may not be practical in all settings and pupils need to be made aware of safety issues and protocols). At a stream identify two equally measured stretches – one fast flowing, the other slow flowing. To measure the rate of flow of the stretches of water the pupils will need the following equipment – an orange, a stopwatch, long-handled fishing net. Working in groups of two or three, the pupils time how long it takes the orange to float downstream over the measured distance. The pupil at the bottom of the stretch uses the net to scoop out the orange. Differences in time over the two stretches of water should be recorded.

Pupils should then be asked to make observations of the types of vegetation and plants growing beside the stream margins at the two locations and record the types found.

A list or annotated diagram can be compiled of the species found and identification charts, etc., can be used to help identify unknown species. Comparisons can be made, differences noted and conclusions drawn as to the reasons why some species may be more or less prevalent than others, particularly in relation to the speed of the water flow.

Strategy 6 – The suggestions in the Guide for Teachers and Managers lend themselves to carrying out outdoor studies.

It is not hard to set up tasks in a local park, wild life garden or part of the playground. It is much more challenging to create a situation in which pupils look at plant and animal distribution, ask questions and plan their work to provide evidence for answers. Encourage pupils to ask ‘simple’ questions by suggesting a few examples.

· Do the number of nettle plants in 1 m2 increase as soil moisture increases?

· Do the number of nettle plants in 1 m2 increase as light intensity increases?

· Does the distance from the path make a difference to the number of plantain plants?

· Does the water speed make a difference to the number of daphnia?

If each group of pupils is only looking at the influence of one factor, then comparison of the results of different groups should suggest that the abiotic factors may not act independently of each other.

Pupils may have carried out choice chamber experiments in group 21 in primary school (see Strategy 4). Their previous experience should be discussed and they should be involved in planning a progression in experimental design or in the sophistication of the reviewing and reporting stage.

Strategy 7 – Pupils can work in pairs or small groups to research animal or plant species that are in danger of extinction. They can produce a fact file/PowerPoint/poster and present their findings to their classmates, for example Whale and Dolphin Society have good resources.

Strategy 8 – Variation caused by inheritance and environment. Discussion of simple observations of pupils (shoe size, height, heart rate) can establish the idea of variation. Some questions can be set or may come from the pupils (‘are boys taller than girls?’ can lead to use of statistical terms, and also to the influence of growth patterns as in S1 the girls may be taller – compare with figures for the teachers). If figures for average height in, say, 1930, can be found, discussion should suggest that the environment plays a part.

These investigations are relatively easy to plan to develop skills in carrying out, in reviewing and reporting, and even in the planning fair comparisons part of ‘preparing for tasks’. Creating situations where pupils can ask questions, structure a hypothesis and then find evidence to challenge or confirm that hypothesis is harder.

Using plants avoids having to consider moral issues when changing the environment. If there is time and enthusiasm for a long-term project, garden plants can be used. For example there are many varieties of peas and beans. Each variety is genetically distinct. Given this knowledge pupils could be asked to brainstorm questions that could be asked, and then to choose one to investigate for each group, so that the whole class can share results. Other possibilities might be a sunflower-growing competition or setting up simple experiments with film cans, mustard seeds and light/dark conditions. More detailed activity ideas can be found on the SAPS website www-saps.plantsci.cam.ac.uk/

Possible questions include:

· ‘Do the heights of dwarf peas overlap with the height of normal peas?’

· ‘What difference does light intensity make to the average height of each variety of pea?’

· ‘What difference does watering make to the height of each variety of pea?’

How do we know that understanding has progressed?

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

Practical

· Pupils can set up investigations to illustrate/measure the effects of environmental change on species of plants and animals.

· Pupils can record their observations using a variety of methods.

· Pupils can interpret the results of the data gathered.

Pupils describing ideas

· Pupils can describe how a number of species have adapted to a particular environment.

· Pupils can describe how genetic variation is a result of a number of factors.

· Pupils can describe the reasons why a particular species, for example the dodo, became extinct.

Pupils presenting ideas

Pupils can use a variety of methods to convey information to their classmates or identified audience.

Checking questions

· What is the difference between an inherited variation and an environmental variation?

· Name three physical factors that might affect the distribution of living things?

· Name three inherited factors that make a giraffe/frog/palm tree, etc. well suited to its environment?

· What is an abiotic factor?

Pupil explanation

How would you explain these new ideas to someone else? (brother, sister, friend)

Reflective questioning

· Is there anything that you have learned in this group (unit, topic or project) that you found difficult?

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

Key words

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

Evolution, species, adaptation, abiotic, mutation, variation, inherited, environmental, influence, comparison, competition, extinction, generations.

Related science concepts already covered

It is important to build on pupils’ prior learning.

· Group 14 – Plants and Animals
· Group 21 – Interaction of Living Things with their Environment

Future learning

This allows teachers to set the scene for future learning.

The activities in this group relate to:

· Group 32 – Biotechnology

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 simulations/animations can be a very effective strategy in developing understanding of the concept of competition between species.

Research into the theory of evolution, Charles Darwin, etc., can be done through the internet.

A number of excellent activities can be found on the SAPS website: www-saps.plantsci.cam.ac.uk/

Innovative homework

Possible related homework: describe various horticultural situations, relate to known plant, for example carrot  – for ‘baby’ veg., for family sized veg., for ‘prize giants’ and match the desired result with a thinning regime, and possibly include the need for weeding as there is both intra- and inter-species competition.

Collect family photographs/make observations of the similarities and differences between family members. Are these similarities and differences inherited or environmental, for example hair colour/texture is an inherited characteristic but mannerisms are likely to be environmental (learned by imitation). Consider also the relationship between weight and diet/inheritance?

Give the pupils a description of an environment (size, vegetation, food sources, climate, etc.) and ask them to design/create an animal that would have the necessary attributes to survive in this particular environment. They can draw or model their animal. Pupils can describe their animal and how it is adapted for survival in this environment to their classmates.

Competition between different species can be illustrated by red and grey squirrels (interspecific competition). Pupils can research this or similar examples of competition using the Internet/reference materials and gather data that can be presented to classmates and used as a starting point for further discussion/development in the classroom.

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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