THE USE OF MODELS IN SCIENCE

Levels 1 - 6
What is a model?

A model is a description, pattern, plan, or representation in two or three dimensions which is designed to show the structure or workings of an object, system, process or concept. 
In Science, models are often used to represent complex structures and relationships such as in the billiard ball model of a gas, the Bohr model of the atom, the double helix model of DNA, the Lorenz model of the atmosphere and the Lotka-Volerra model of predator-prey interaction. Models may be built, tested, compared, revised, interpreted (sometimes discredited, for example the ancient Greek view that the earth was the centre of the Solar System) and applied in order to fulfil a number of functions including:

· explaining structures and/or functions of complex structures and relationships (e.g. subatomic particles, cellular changes in disease) 
· explaining past observations or events  
· predicting future events (e.g. weather pattens, occurrence of natural disasters such as earthquakes and tsunamis)
· controlling events or processes (e.g. robotics, time-delay circuits) 
· simplifying complex structures, functions and/or processes (e.g. crystal structure, internal combustion engine) 
· testing the viability of a new object or process (e.g. drug efficacy, electric circuit function)    
The validity of a model and its purpose(s) should be considered by the modeller as well as the user/viewer/operator of the model.
Types of models

A variety of things are commonly referred to as ‘models’, including physical objects (for example scale models, idealised models, analogical models, phenomenological models), fictional objects (for example a frictionless pendulum or an isolated population), mathematical models (including equations), thought experiments (for example in explorations of the concepts associated with relativity), descriptions, simulations (for example dynamic models that involve time) and role-plays.  All types of models have both applications and limitations.
Modelling

Modelling refers to the process of generating a model as a conceptual representation of an object, system, process or concept or idea.  Two different models of the same object, system, process or concept may look completely different, depending on differences in:

· conceptual understanding and/or aesthetic preferences of the modeller

· intended purpose of the model

· type of model (physical, fictional, mathematical, thought experiment, description or simulation)

· physical form of the model (e.g. two-dimensional/ three-dimensional/ computer)

· decisions made during the modelling process by the modeller, often following the testing of stages in the development and/or operation and/or appearance of the model

· requirements of end-users of the model (e.g. non-technical simplification/ technical detail and accuracy, scale model i.e. downsized or enlarged copy of actual object, interactiveness)

Modelling in the Victorian Essential Learning Standards (VELS)
Level 1 Science

Although specific standards for Science do not apply at Level 1, there are sufficient opportunities provided in the learning focus statement for students to use models to investigate a number of aspects of Science:
“…students…use their senses to explore the world around them; for example, day and night, the seasons, and living and non-living things…”
Students could work together to build models that show how night and day occur, and how the seasons occur. Alternately, day/night and the seasons could be simulated through role-plays.

The exploration of living and non-living things lends itself well to modelling.  The structure of seeds, for example, could be modelled through dissecting seeds at various stages of a growth cycle, with students constructing physical models that show the various parts of the seeds.   

Level 2 Science

Although specific standards for Science do not apply at Level 2, there are sufficient opportunities provided in the learning focus statement for students to use models to investigate a number of aspects of Science:

“…students…observe and describe phenomena; for example, properties of natural and manufactured materials, insect life cycles, phases of the moon, magnets in action, mirrors and seeing around corners, and light and sound from batteries…”
Students could draw or construct physical models that show the differences between examples of natural and processed materials.  Groups of students may work together to produce a model of an insect life cycle, with each group being required to present their own insect life cycle model to other students; similarities and differences between different insects may then be determined by the class.  Phases of the moon could be modelled through physical models, role plays and computer simulations.  Simple models of scientific and/or everyday instruments and objects can be constructed by students to demonstrate the action of magnets, light and sound, for example, periscopes may be constructed from cardboard tubes and plane mirrors; the operation of a battery can be explored through role play, with students simulating aspects of the operation of the battery including source of energy, movement of electrons, wires, on/off switches.
Levels 3 - 6 Science

Standards apply in Science from Levels 3 to 6.  Many of the standards specify the use or application of models, as shown in the table below.  In addition, teachers may elect to explorea number of scientific concepts through the use and application of models.

	Level
	Science dimension
	Elements of the learnng focus which involve modelling
	Elements of the standards which involve modelling

	3
	Science knowledge and understanding
	Students… learn to describe evidence in support of simple scientific ideas.

Studnets investigate changes they observe; fo example, day becoming night, using brakes to stop a bicycle hitting a gate and the regeneration of forests after a bushhfire.
They examine, by referring to energy transformation, the operation of a range of everyday devices; for example, gates, locks, toasters and hot water systems.

They investigate the use of solar energy in cooking or lighting or transport.

They examine how scientists work and how science knowledge has developed by visiting scientists at work, listening to guest speakers or conducting research on the Internet.
	Students use the words push and pull in discussing how things can be moved and stopped.

Students identify and describe the structural features of living things, including plants and animals. They identify how these features operate together to form systems which support living things to survive in their environments.
They describe the relationship between day and night and the rotation of the Earth.

Students explain how features of the landscape are altered by processes of weathering and erosion.

	
	Science at work
	
	Students plan, design, conduct and report collaboratively on exeriments related to their questions about living and non-living things or events.

They describe aspects of the work of scientists and how this has contributed to science knowledge.

	4
	Science knowledge and understanding
	Students… consider how models are used to explain structures; for example, the arrangement of planets within the solar system, and the layers within the Earth and in the Earth’s atmosphere.

They begin to design and build models to demonstrate the application of science concepts; for example energy transformation and energy transfer in a solar barbecue, the reflection of light in periscopes, the desalination of water and the double-pump action of the human heart.
	Students apply the terms relationships, models and systems as appropriate ways of representing complex structures.

They explain how the Earth and the Moon operate as a simple system within the larger solar system.

	
	Science at work
	
	They design and build simple models and write an account of the science that is central to explanation of the model.

	5
	Science knowledge and understanding
	Students… expand their knowledge of science to include abstract concepts, theories, principles and models drawn from traditional and emerging sciences.  They apply these to particular situations.

Students develop their understanding throgh the use of science ideas (theories, laws, principles and models) applied in particular situations.

They use a range of tools (for example, their own or others’ computer models, images and simulations) to explain and interpret observations.

They begin to write balanced chemical equations using symbols. 
	Students use the particle model to explain structure and properties of matter, chemical reactions and factors that influence rate.

Students use everyday examples of machines, tools and appliances to show how the thermodynamic model describes energy and change, and force and motion.

They use physical and theoretical models to investigate geological processes.

	
	Science at work
	
	Students make and use models and images from computer software to interpret and explain observations.

Students use simulations to predict the effect of changes in an ecosystem.

They work effectively in a group to use science ideas to make operating models of devices.

	6
	Science knowledge and understanding
	Students extend their concept of science as a way of knowing to include an understanding odf how scientific theories and models drawn from traditional and emerging sciences are based on evidence that initially may be tentative and limited.

Students develop a qualitative and quantitative understanding of the relationships between force, mass and movement.
	Students explain the behaviour and properties of materials in terms of their constituent particles and the forces holding them together.

They use atomic symbols and balanced chemical equations to summarise chemical reactions.

Students explain change in terms of energy in a range of biological, chemical and physical contexts.

They give both qualitative and quantitative explanations of the relationships betweeen force, mass and movement.

	
	Science at work
	
	They construct working models and visual aids that demonstrate scentific ideas.


Sample modelling exercise overview (Levels 3 and 4)

Topic: Solar BBQ

Students research the components of a solar BBQ.  They may then:

· construct a solar BBQ that cooks two sausages.  They may predict how big a BBQ would be needed to cook 20/40/100 sausages at the same time, and suggest design modifications which would need to be made to take into account the different design brief. 

· construct a solar BBQ to heat a fixed amount water (for example, 10/100ml).  They may predict how big the BBQ would need to be to heat a 20L/60L household tank, and suggest design modifications which would need to be made to take into account the different design brief.

Sample modelling exercise overview (Levels 4 to 6)

Topic: Modelling particle size

Developing a particle model requires:

· acceptance that things called particles do/could exist 

· evidence for the existence of particles: empirical/thinking/reasoning/conjecture

· possible ‘hierarchy’ or size discriminator; for example, consider looking at modelling particle size from : macroscopic ( microscopic ( atomic  (  subatomic  ( nano ( where next?

Macroscopic considerations

· Consider physical evidence - what can be seen/ touched/ smelled? 
· Consider the nature and validity of evidence from telescopes/ cameras/ television/iPods/DVDs/CDs
· Consider how and where evidence may be obtained; for example, from aircraft, hot air balloons, satellites, explosions, experiments, rainbows (light is coloured), meters (to measure blood pressure, insulin levels, temperature), lightning, magnetism, measurements (current, voltage, resistance, temperature, rates)
Microscopic considerations
· Evidence obtained through assistance from machines, equipment; for example, magnifying glasses, light microscopes, X-rays, ultrasound, CAT scans, infra-red spectroscopy, atomic absorption spectrometry 
· Case study example: structure of DNA 
· Evidence may be in the form of charts, graphs, outlines (sometimes requiring further analysis and/or interpretation)
Atomic considerations

· Evidence from electron microscope, X-ray crystallography, radiation. 
· Evidence often ‘outcome’ for example cracks/imperfections in copper coating or detecting weakness in concrete bridge supports before visible cracks appear, 
· Case study example: Rutherford’s experiment on the structure of the nucleus

Sub atomic considerations

· Consider the operation of the cyclotron and development of nuclear reactor technology

· Case study example: development of hydrogen and atomic bombs 

Nano considerations

· Evidence from synchrotrons 
· Case study examples: developing the “perfect chocolate”; particle behaviour or response to their ‘environment’ such as the movement of drugs into and out of cancer cells

Teaching approaches: 

Particle theory and size could be seen as an exercise in scale; for example, could start from large to small, or from small to large. Teachers show the ‘hierarchy’ of size and then explore the particular levels as appropriate for their students and the VELS standards

Example 1: the Universe ( galaxy) (  solar system ( planet (  hemisphere/continent ( country/ state/ suburb ( person ( cells 

Example 2: person ( body systems ( organs ( cells ( molecules ( atoms ( sub-atomic particles
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