Science Inquiry and Investigation: 

Overview (Levels 1 – 6)
A model of inquiry 

Modules or units of work (teaching and learning sequences) can be organised, structured and assessed according to the framework provided by the Primary Connections (Australian Academy of Science/Australian Government Department of Education, Science and Training) 5Es teaching and learning model of inquiry: engage; explore; explain; elaborate and evaluate This model is based on constructivist principles of learning i.e. students learn best when they are actively engaged in their own learning, and are able to develop their own explanations as a basis for developing scientific explanations and making connections between what they already know and new information.
	*Phase

	Purpose
	Assessment 
	Teacher strategies and assessment

	Engage
	To interest, engage and motivate students. Elicit prior knowledge and identify alternative conceptions held by students.
	Diagnostic 
	

	Explore
	For students to experience and describe the concept, phenomenon or skill first hand.
	Diagnostic

Formative 
	

	Explain
	To compare ideas, develop science explanations based on evidence gathered in investigations; develop science-specific language in their descriptions and explanations; generate new questions for investigation
	Formative

Summative 
	

	Elaborate
	To extend and deepen understanding of concepts, skills and phenomena in new contexts including student-planned investigations. 
	Formative

Summative 
	

	Evaluate 
	For students to provide evidence of their learning by representing their understandings in multi-modal texts. Students reflect on their own learning and identify any changes.
	Summative  
(of conceptual understanding)
Reflective (of personal learning)
	


* Table adapted from Primary Connections (Australian Academy of Science/Australian Government Department of Education, Science and Training)
Questions for investigation

Some questions can be investigated scientifically, others not. The way a question is formulated affects the way the investigation is carried out. A question may sometimes be too general and will need to be refined to make it testable - able to produce evidence to solve the problem or answer the question reliably.

The way the stem of the question is phrased can help to work out how to go about the investigation.
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Fair testing
To make sure that an experiment or test is fair, the variables must be controlled.  In science, a variable may be defined as a factor that can and does affect the outcomes of an experiment or test. Some variables (known as control variables) can be controlled during experiments.  Controlling variables means that only one variable should be tested in any one experiment. For an experiment or test to be fair, it must be repeated to gauge the reliability of the measurements.  If there are large differences in the repeat measurements, the way the investigation is carried out would have to be adjusted.  
· The thing we measure or observe is the dependent variable.

· The thing we change is the independent variable.

· The things that could change but we keep the same are the controlled variables.

The level of openness of the investigation and the support or scaffolding that teachers provide will depend on the experience and developmental stage of the students.

Recording results

Tables

Tables help to organise the collection and recording of quantitative data.  
Title: 











	Time (days)
	Plant length (cm)

	
	

	
	

	
	

	
	

	
	

	
	

	
	


Use of ICT: 

Electronic entry of data will facilitate presentation, storage and subsequent analysis of results.
Graphs

Experimental data should be converted to graphs to:

· show patterns and trends; and
· facilitate analysis and interpretation.  
Use of ICT: 
Graphs may be constructed using Microsoft Excel or other computer-based graphing packages.

What are the features of a graph?
All graphs and charts should have the following information:

Title: describes what the graph or chart shows

Legends: these are necessary when any symbols or colours are used to explain an aspect of the graph

All line graphs, column graphs, bar charts, histograms and scattergrams should also include:

Grid: used to plot data
Evenly scaled axes: the scale on each axis should stay constant for the whole length of the axis 
Vertical axis (Y-axis): labelled with the variable and units

Horizontal axis (X-axis): labelled with the variable and units

All pie charts should also include:

Clear labels for each sector: name and percentage of quantity represented by each sector should be shown

Which kind of graph should I use?

Information from experiments and tests can be presented clearly using graphs.  In general, there are five different types of graphs:

1. Line graphs

2. Column graphs (also called bar charts)

3. Pie graphs (also called pie charts)

4. Scatter graphs (also called scatterplots or scatter diagrams)

5. Histograms

· Line graph: is used to show continuous data, that is, data in which the values follow on from each other.  Line graphs are commonly used for plotting data related to one event that is being observed over time.  Each point in a line graph represents a set of data for two variables.  Line graphs may be formed by joining a series of points or drawing a line of ‘best fit’ through a series of points.  Two or more lines may be drawn on the same graph.
Example:

The line graph below shows how the cooling of warm water is affected when cups made of different materials (ceramic and aluminium) are used:
[image: image1.emf]Cooling rates

0

10

20

30

40

50

0 5 10 15

Time (minutes)

Temperature (degrees 

Celsius)

ceramic cup

aluminium cup


· Column graph/bar chart:  a column graph, also known as a bar chart, has two axes with bars or columns which represent each piece of data. The height or length of each bar represents data values whilst the width of the bars is kept constant. Columns or bars in these charts may be oriented vertically or horizontally.
Example:

The column graph (below left) and bar chart (below right) show daily water usage for four students:


· Histogram: a histogram is a graph which shows the frequencies of a continuous variable being investigated.  A histogram is the graphical version of a table which shows the frequency of cases falling into each of a number of determined categories of a continuous variable. The major difference between a histogram and a bar chart is that in a histogram the area of the bar represents the quantity being reported, whereas in a bar chart the height of the bar represents the quantity being reported.  In addition, the bars in histograms touch each other (are adjacent) whereas in column graphs there is usually a separation between bars. 
Example: 

Effie, a Year 5 student, recorded the highest daily temperature every day in November at a particular location.  On successive days, Effie recorded the following temperatures:

18.7; 19.2; 21.6; 22.1; 21.3; 21.7; 24.5; 23.2; 19.8; 19.5; 17.9; 18.5; 18.6; 20.4; 21.3; 

22.7; 19.8; 20.3; 20.2; 19.9; 20.5; 21.3; 22.9; 23.9; 26.1; 23.7; 22.3; 22.2; 21.8; 21.9

Effie decided to group the temperatures and present them in a frequency table as follows:

	Temperature range
(oC)
	Frequency

(Number of recordings in November)

	17.0 – 17.9
	1

	18.0 – 18.9
	3

	19.0 – 19.9
	5

	20.0 – 20.9
	4

	21.0 – 21.9
	7

	22.0 – 22.9
	5

	23.0 – 23.9
	3

	24.0 – 24.9
	1

	25.0 – 25.9
	0

	26.0 – 26.9
	1


Effie drew a histogram of her results as shown below:
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· Pie graph/ pie chart/ sector graph: a pie graph, or pie chart, is a circle divided into sections that represent parts of the whole.  It is useful for showing the percentage components of a variable. Sometimes, pie graphs show actual numbers rather than percentages. Pie graphs are sometimes called sector graphs because they are made up of sectors of a circle. In general, the sectors begin at the “12 o’clock” position of a clock, with the largest percentage shown as the first sector (moving in a clockwise direction around the pie graph), followed by the remaining sectors in decreasing percentage order.
Example:

The pie chart examples below show the results of a survey of 65 students to determine their favourite colour.  The pie graph on the left shows actual student numbers giving particular responses whilst the pie graph on the right shows percentage responses. 

· Scatter graph: a scatter graph, also called a scatterplot or scatter diagram, is used to display values for two variables.  The variables may be dependent or independent, with either type of variable being plotted on either axis. Scatter graph data is displayed as a collection of points, each having one coordinate on the horizontal axis and one on the vertical axis. Scatter graphs represent the association between two variables.  They can help to determine what kind of relationship there might be between the two variables, including positive (increasing), negative (decreasing), and no relationship.

Example:

Mick, a Year 7 student, formed a hypothesis that tall people have larger feet than short people.  He tested his hypothesis by recording the heights and shoe sizes of ten members of his extended family. Mick constructed the scatter graph shown below to display his findings.  He concluded that although there seems to be a general trend (positive/increasing) that the taller the person, the larger the shoe size, this is not a precise interpretation.  Mick decided he wanted to continue his investigation by considering a larger sample size to determine whether a stronger relationship exists between the two variables.
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 Labelled diagrams

Diagrams (and series of diagrams) that are labelled or annotated can demonstrate clearly procedures and qualitative observations over time. Diagrams may be used for a number of learning purposes including to explain concepts, record experimental results and simplify complex ideas.

Features of labelled diagrams
· Title

· Label arrows are drawn horizontally (as far as possible)
· Tip of arrowhead or end of label touching part labelled
· Scale of drawing as a fraction or multiple of actual size (when appropriate)
· Drawing may be contained within a frame or box
Example:
A Year 6 student investigating the magnetic fields produced by bar magnets recorded her results diagrammatically as follows:
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Use of ICT: 
Photographs of experiments/activities/ models may be taken and manipulated electronically.

Evidence-based discussion
It is important that students are guided in their discussion of scientific claims.  They may need help in being able to distinguish between opinion and fact. The following questions provide a useful framework for leading discussions:
· What is the claim?

· What experiments or investigations were carried out to test the claim?

· What are the results of the tests/experiments (the evidence)?

· Explain how the evidence supports or disproves the claim.
· What additional evidence would be useful to obtain?
Ensure that the language used, and the approach taken, are age/developmentally appropriate.
Use of media sources

Media sources, including articles, letters to the editor, advertisements, video clips and electronic communications provide a rich source of discussion starters about science-related issues in classes.

Newspaper headlines 

Students at all VELS levels (1 to 6) may be engaged in discussions related to local science-based issues.  Teachers should ensure that the level and technical knowledge involved in discussions is age-appropriate.

Example: A teacher was interested in exploring themes related to “the environment”.  Sample headlines in July, 2007 listed below provide examples of the breadth of topics related to this theme. 

Australia poised to sign nuclear deal with US “The Age”, 20 July 2007

PM outlines emissions policy,  The Age, July 17, 2007

Shire bid to move water plant inland, The Age, July 21, 2007

	Passenger trains on track to go green

	| July 30, 2007

From: The Australian



	Weed moves from bowels to biofuel

	| July 30, 2007

From: The Australian



Science Daily Friday 27 July 2007

Earth's climate close to tipping point

SOS for red gums: it's water or die  The Age 27 July 2007

PM says no to nuclear waste dump suggestions

July 21, 2007

Effort to Curb Climate Change may Hurt African Farms

	The Epoch Times
	Jul 18, 2007


Letters to the editor

Stron and/or contrasting viewpoints about science-related issues may often be found in the “Letters to the editor” section of newspapers, or in editorials.    
Example:  A teacher who wanted to explore the issue of “animal rights” in her class used the following media article to challenge student ideas and explore the concepts of “equity”, “ethics” and “quality of life”.   


Question





Which type of…?


Which… is best for…?


When should…?


How should…?





What effect does … have on…?


What happens to… when/if…?


How does … affect…?


Will the amount of … affect …?





comparative decisions required





determination of effects required





Sample question stems





Sample question stems
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A dog’s life for goldfish?


  


Many parents buy their children goldfish as a first pet.  They think that by having goldfish, young children learn to be responsible and they can get ready for having other pets, such as dogs, later on in life. 





Goldfish only cost $3.00 at our local pet shop, so parents just think it is OK to buy them for their children. If the goldfish die, they just say, “Oh well,  we can just buy another one!”. When their children learn to look after them properly, they can then buy them a “real” pet – like a dog!





If I was a goldfish, I would be very upset at just being used as practice for having other pets.  Also, their lives are not very interesting – just swimming around in a small tank, in the same environment day in day out, and being fed boring goldfish food. I think that goldfish are being abused and unfairly treated, and something should be done.





If pet shop owners made goldfish cost more, like dogs, then I think that people would think twice before buying them and just wasting their lives.  





How would you like to be treated like some people treat goldfish?  Why should a goldfish’s life be worth less than a person’s life? Or a dog’s life?





 				Mary J, Southbank Primary School  
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