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[A Microsoft ® PowerPoint presentation of this subject is available from the Chelsea Physic Garden Website, Teacher Training page]
You may well ask, "Nature and maths: where's the link?" A good question indeed. Thinking back to your early school days, when three apples were taken away from five, two remained. This is a simple example of how familiar objects can illustrate more abstract concepts - such as our number system, its language and symbols. If you then take that apple and cut it in half again and again, the idea of fractions is visibly (and edibly) demonstrated. The usefulness of the natural world as a mathematical tool doesn't end there. 
This newsletter looks at some of the other ways that nature and the Great Outdoors can help you to teach

Hopefully, you will have access to some form of green space in which to teach mathematics. This can be as simple as a single tree, or a lawn. If you don't, then most of the ideas can be used in a classroom setting - with plants/leaves collected and/or with house plants and seedlings.
When using nature to teach maths, you will probably find that the activities are cross-curricular in some way: overlapping with such subjects as ICT, science, English, geography, physics, art and history:- in the methods used, processes you observe, the conclusions you reach, vocabulary you use and the ways in which you represent and illustrate your findings.

In order for these activities to be successful, they need to be :

· Relevant to your pupils' needs, abilities, pace and space.

· Repeatable activities are good when following natural processes such as seasonal changes and growth rates.

· Affordable - with readily available materials within your budget (time and money).

· Understandable and memorable -otherwise, what's the point?

· Fun - the best way for the activities to make sense and the information to adhere.
The following section consists of a selection of eight broad mathematic topics with some activity ideas and starting points. Almost all of the sections allow/require comparisons, observations, fair tests and estimates to be made, as well as encouraging group work and problem solving. 

I Counting

Counting is a good way to begin a maths lesson. In the natural world, this can be numbers of plants, leaves or berries on a plant - comparing different times of the year, or different plants. With individual flowers, you can use magnifying glasses to study the male and female parts (anthers and stigmas) to see how many of each are present. You can compare different habitats by counting the number of species (plant or animal) occurring in each area. A playing field vs. a wood is simple and illustrative.

If you have access to a holly bush, a useful activity involves counting and recording the number of spikes on at least 50 leaves. The number will vary, but one spike number may well dominate (probably the mean number). You can display the leaves (or better still, drawings of them) in columns on a wall, with

the lowest spike numbers to the left. You may find a symmetrical curve forms.

Counting will naturally occur throughout the other sections.

II Area

By estimating the total number of leaves on a tree or other plant, it is possible to obtain a rough estimate (guesstimate) of the total leaf area. This can be done by counting the total number of branches, finding the average number of leaves per branch and by finding the average leaf area (of perhaps 100 leaves). Multiplying these values ought to give a figure in cm2. Using a bed sheet, this total leaf area can actually be made, or you could mark it in chalk on the playground. This is the size of the solar panel of that particular tree. June or July 

would be best for this. 

III Growth and decay rates

By observing a living plant - either indoors or outside - its rate of growth can be calculated. This is also inevitably useful for teaching about plant life cycles, parts of a plant and requirements for growth. Indoors, a potted amaryllis bulb is good to observe - taking daily measurements to produce a line graph of height against time. When the flowers are produced, the number of anthers, stigma lobes and petals can be counted and compared to the eventual seed number.

If you prefer, a number of plants (of the same type) can be grown in different physical conditions such as light, soil nutrients (baby bio etc) or temperature. This will visibly demonstrate the fact that living things have optimal conditions for growth and consequently adapt to suit their environment. and are affected by outside factors.

Decay rates and nutrient cycling can be studied too. Using simple compost systems, the speed at which different materials break down can be observed and measured. With a mixture of natural and human-made materials, a comparison of biodegradability can be made. Leaves, when left over winter in water, begin to decay. If you check them after a couple of months, you may find some beautiful skeleton leaves - vivid illustrations of the leaf venation structures and patterns. Using dilute caustic soda speeds up this process.

The best way to safely observe decay is by 

building your own compost column out of used plastic bottles, The SAPS website is a must for the construction of these (and other ingenious apparatus). See the resources section on back page. 

IV Heights, girths and ages 

A simple way to determine the age of a tree (without chopping it down) is to measure the girth of its trunk at 1.5m from the ground. Each year of growth equals approximately 2.5cm. So if its girth is 205cm, you know that the tree is about 82 years old. This does assume all trees grow in the same way at the same rate, which of course is untrue. 

If you do happen to come across a log from a felled tree, counting the rings inwards will give you a time line through our recent history. Counting back from the end of the 20th century will lead you passed significant - local and global - events such as students’ birth days, the lives of famous people, world conflicts, the building of the school or church and even notable sporting events.

These investigations can link to geography classes. Using books/CD-Roms, can you find and pinpoint oldest trees in the world, and how large are they? This, in turn connects with the concept of scale. How big, heavy, old, tall are natural objects compared to human-made things; how large is a seed of a giant sequoia tree? When did the first trees begin to grow on the planet Earth?

There are different methods of measuring the height of a tree. A simple way of doing this is to have a person of known height to stand by the tree. From where you are, use a ruler to measure the height of the tree and the person as they appear. If the person appears to be 5cm tall (but is actually 100cm) and the tree appears to be 25cm tall. A simple sum will give you the tree’s actual height: 25/5 x 100 = 5 x 100 = 500cm = 5m tall.

V Patterns, shapes and symmetry

Patterns and shapes occur throughout nature: spirals in snail shells, sunflowers, pine cones, fern fronds, pineapples and artichokes; branching patterns of leaves and insect wings as well as ‘exploding’ shapes like those of dandelion seeds and onion flowers.

A numerical phenomenon occurring in the planets, music, plants, animals, architecture and art is one known as the Fibonacci Series, named after an Italian mathematician born in 1175. The series begins like this: 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144, 233......and so on, forever. Each number is the sum of the preceding two. It has been proven that 144 is the only square number in the entire sequence. The only cubic number is 8.

Many leaves exhibit Fibonacci numbers in their arrangement around the stem - almost in a spiral - this helps maximise the total amount of light received. The hexagonal scales on a pineapple looked at in different ways exhibit some of these numbers as well.

By dividing a number in the series by the next one (e.g. 34/55), we achieve the ‘Golden number’, or Phi (f = 0.618034). More often than not, numbers of flower petals are also Fibonacci numbers. How often do you notice these numbers in nature?

In our bodies, our fingers are divided by knuckles in lengths corresponding to the Golden number (also known as the ‘Rule of Thirds’ in art and architecture). The examples are endless.

There is much symmetry in nature: in the hexagonal cells of a honeycomb, star fish, leaves, flowers, seeds, raindrops and animals like us. The study of symmetry is a good visual starting point for sorting and classification back in the classroom. After a while, you (and your students) may realise that most ‘symmetrical’ things are only approximately so, much like our faces; but these are different from totally asymmetric shapes.

VI Fractions, ratios and percentages 

When you venture into a playing field, to begin with, you may only see ‘grass’, but on closer inspection, realise that there are a number of species of plants growing there in varying proportions. It is quite simple to measure the relative species abundance of the field by using what is known as a quadrat - a small frame of known area. The results of such an investigation can be represented as a list of fractions, percentages and/or ratios of different plants; in a pie chart, bar chart, and/or other format. These ideas do not require you to be a plant expert. You may want to give the grassland plants your own names - in terms of their appearances. Remember, the fractions and percentages MUST add up to 1 and 100%, respectively, so do include bare earth as one of your categories, if need be.

On a smaller scale, the area of a leaf which has been eaten by a herbivore (such as a caterpillar) can be measured and calculated as a fraction or percentage of the total leaf area.

Sowing seeds (either purchased or collected) will be good for observations of growth, but also the percentage of seeds which germinate, and of those that do, which ones become mature, healthy adult plants.

How many plant species are there in Britain? How many plants are there in the world? You could represent this data as fractions and percentages, pie charts and ratios.

VII Scale

Nature is full of different scales. How do you think the world looks to a ant, walking through a lawn or up a tree? What about if you were the size of a tadpole in a pond? How would you cope with life - finding enough food to survive and avoiding predators at the same time. A ‘microhike’ might help you begin to see in this way. This involves you and/or your students setting up a trail through long grass (preferably) with about 2m of string, and then crawling along following the string with a magnifying glass imagining what it might be like to be that size. To do this with the pond, safely peering into it to observe any activity for five minutes ought to give you an idea of inhabitants and scale. Films such as ‘Antz’, ‘A Bug’s Life’ and ‘Microcosmos’ can help us appreciate these scales a little more.

Another type of scale is that of time, mentioned in the section on tree ages. Geological timescales are also mind boggling and useful if there are rocks in the school structures. It is often possible to see Jurassic fossils in limestone of buildings.

VIII Trails

Trails can be effective and simple to set up. This can be done by the teacher and/or by groups or individual students. There needn’t be a huge number of places to stop, but a handful of carefully chosen ‘topics’ dotted around work well. If you like, you could simply put trail markers on relevant plants/ places which have mathematical relevance and ask the students to ‘find the maths in that’. 

Useful contacts and resources

· ‘Mathematics in the school ground’ by Zoe Rhydderch-Evans, Southgate Publishers: Contact Biblios on 01403 710851 to order.

· ‘Nature’s Numbers’ by Iain Stewart. Phoenix, 1995. ISBN 0-7538-0530-8

· ‘Life’s Other Secret’ by Iain Stewart. Penguin, 1998. ISBN 0-1402-5876-0. (This 

· one is much more advanced and academic than his other).

· ‘Plants and Mathematics pack’ -Chelsea Physic Garden (for KS1 & KS2).

· ‘The Book of Comparisons’ by The Diagram Group. Sidgwick & Jackson, 1980. ISBN 0-283-986174.

· Royal Botanic Gardens Kew, numeracy trails - contact http://www.kew.org/
· http://www.mcs.surrey.ac.uk/Personal/R.Knott/Fibonacci/fib.htm
· Science and Plants for Schools:- SAPS:- http://www.saps.org.uk or try 01223 507 168. (an excellent organisation for teaching life sciences indoors).

· ‘Fascinating Fibonaccis - Mystery and Magic in Numbers’ by Trudi Hammel Garland. D. Seymour Publications, 1987. ISBN 0-8665-1343-4. (A perfect book).

· ‘Growth and Form’ by D’arcy W. Thompson. Cambridge University Press, 1942. (This is interesting, but only for the very keen).

· ‘How Mathematics Works’ by Carol Vorderman. Dorling Kindersley, 1996. 

· ISBN 0-7513-0310-0. (An excellent, broad introduction to FUN maths). 

· ‘Ancient Trees’ by Anna Lewington and Edward Parker. Collins & Brown, 1999. ISBN 1-85585-754-5.

