Science Inquiry and Investigation: 
From Theory to Practice - Sample Planner (Levels 2 - 6)
The following sample lesson planner, with case study for Level 3, provides guidelines for teachers when planning an investigation in Science.  Inquiry-based learning activities generated from students’ questions about the world around them provides rich opportunities for deep learning.
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Step 1.  Determine the context for your investigation

(What is the context, event or rationale that gave rise to the ‘big’ question for investigation? i.e. Why do it?)

Case study:  
Event: A seaside primary school is establishing a garden recreation area. The students have been included in the planning and design process and have been asked to provide recommendations to the school council as to which plants they would like to be grown in the recreation area. 
Problem: The students are concerned that water restrictions in Victoria are predicted to become more frequent in years to come and that their gardens may not survive if drought conditions occur or if water restrictions become more stringent. This was identified as a particular problem in the school since the hot, dry conditions of summer corresponded to students being on holidays and therefore not being able to care for the seaside garden. 
Question for investigation: The students decided that they would select plants which were drought-tolerant and which could survive in the salty-air school environment.  A number of existing plants in the area were identified as having been introduced species, but the students wondered whether it was better to have indigenous plants in order that the garden survives throughout summer.  The students asked, “Is it better to grow indigenous plants than introduced plants in our school garden?”
Teacher notes

Different parts of Australia have different abiotic conditions (light, water, temperature, soils etc). Indigenous plants are adapted to survive well in particular sets of conditions and are said to be native to particular areas; what may grow well in one area may not grow well in another.

In times of drought and water restrictions, many people are concerned about their gardens. Many plants in gardens have been introduced from countries where there was plenty of rainfall. Some people are deciding to change the kind of plants they grow to cope with changed environmental conditions such as less water. Indigenous plants are Australian. Are they better adapted to our conditions than introduced plants?

Step 2.   Identify the elements of the Science standards which relate to the student investigation

Hints:

-  Consider both dimensions of Science 
- Refer to the learning focus statements for further teaching and learning support related to the standards  

Case study (continued):

To consider the students’ question “Is it better to grow indigenous plants than introduced plants in our school garden?”, the teacher identified the relevant Science standards as follows:
Elements of Level 3 Science domain standards
	Science knowledge and understanding

	Science at work

	Students…use appropriate scientific vocabulary to describe and explain their observations and investigations…distinguish between biotic and abiotic factors in their environment and describe interactions that occur between them…describe natural physical and biological conditions, and human influences in the environment, which affect the survival of living things.

	Students…conduct and report collaboratively on experiments related to … questions about living and non-living things and events…use simple measuring equipment, use a range of appropriate methods to record observations, and comment on trends…describe the concept of a fair test…explain how scientific knowledge is used, or could be used, to solve a social issue or problem.



Step 3.   Identify the elements of appropriate non-Science domain standards which relate to the student investigation

Hints:

-  Consider domains in all three VELS strands
- Refer to the learning focus statements for further teaching and learning support related to the standards  

-  Although a number of standards may be relevant to the topic under investigation, teachers should select only those standards on which they wish to focus in order to achieve the desired outcomes     

Case study (continued):

To consider the students’ question “Is it better to grow indigenous plants than introduced plants in our school garden?”, the teacher identified the relevant non-Science domain standards as follows:
Elements of Level 3 non-Science domain standards
	Non-Science Domain


	Dimension
	Elements of the standards

	Civics and citizenship
	Community engagement
	Students…work with other students to identify a local issue and plan possible actions to achieve a desired outcome… describe the benefits of action at the local level and the democratic aspects of the process… participate in activities to protect and care for the natural and built environment.


	ICT
	ICT for creating
	Students… follow simple plans and use tools and a range of data types to create information products designed to inform particular audiences…with minimal assistance, use ICT to tools to capture and save images. 


	Interpersonal Learning
	Working in teams
	Students cooperate with others in teams for agreed purposes, taking roles and following guidelines established within the task…describe and evaluate their own contribution and the team’s progress towards the achievement of agreed goals.


	Mathematics
	Measurement, chance and data
	Students… recognise different units of measurement including informal (for example, paces), formal (for example, centimetres) and standard metric measure (for example, metre) in appropriate contexts…read linear scales (for example, tape measures)…recognise different types of data:…points on an unbroken number line (continuous)… use a column graph or bar graph to display the results of an experiment.


	Personal learning
	Managing personal learning
	Students set short-term, achievable goals in relation to specific tasks…complete short tasks by planning and allocating appropriate time and resources.


	Thinking processes
	Reasoning, processing and inquiry

	Students… provide reasons for their conclusions.

	
	Reflection and evaluation
	Students… use appropriate language to explain their thinking… identify and provide reasons for their point of view, and justify changes in their thinking.




Step 4.   Identify domain learning focus statements which relate to the student investigation

Hints:

-  Consider domains in all three VELS strands which do not contain standards but which may have learning focus statements which support learning in Science
- Identify the learning focus statements for further teaching and learning support related to the desired student learning outcomes  

Case study (continued):

To consider the students’ question “Is it better to grow indigenous plants than introduced plants in our school garden?”, the teacher identified relevant non-Science domain learning focus statements as follows:

Level 3 non-Science domain learning focus statements
	Domain


	Learning focus statement

	Communication
	(Students) explore reasons for other interpretations not being the same as theirs and learn to respect the right of others to express opinions

	
	(Students) begin to order logically the ideas that they wish to communicate.


Step 5.   Determine how student learning will be monitored and assessed
Hints:

-  Consider assessment for, as and of learning
-  Consider how the learning styles of students in your class may be taken into consideration when assessing learning
Planning for assessment
	Type of Assessment
	Examples of assessment methods
	Teacher planning: when/what/how will I assess student progress and performance?

	Diagnostic


	· Concept maps

· True/false statement class/individual surveys

· Pre-testing of concepts covered in unit
	

	Formative


	· Quiz (oral/written/team competition)

· Predict/Observe/Explain

· Test (oral/written)
	

	Summative


	· Revisit original concept maps and re-work them

· Test (oral/written)

· Presentation to class/community

· Laboratory report
	

	Reflective


	· Student reflective journal writing

· Teacher reflective journal writing
	


Step 6.   Explore student ideas about the question being investigated

Hints:

-  What do students already know about the topic?
-  How will you find out what students already know about the topic (consider using concept maps, questionnaires, predict-observe-explain scenarios, class discussions, concept games)

-  What does the research say about student alternative views and misconceptions in the topic being studied? 

Case study (continued):

To consider the students’ question “Is it better to grow indigenous plants than introduced plants in our school garden?”, the teacher explored student ideas about conditions required for plant growth.  The teacher also found a research paper related to children’s alternative views and misconceptions related to plant growth – and how to work with students to address their ideas about plant growth:

 http://www.umd.umich.edu/sep/students/jfrei/jfrei_arrep.html
Major misconceptions related to plant growth for young learners were found to be that students do not consider a seed to be a plant until it has grown, and that seeds need soil to grow. These were taken into account by the teacher in subsequent lessons.

Teacher note
The Department of Education and Early Childhood Development’s ‘Science Continuum’ website provides teachers with a framework for exploring student ideas about a variety of scientific concepts and developing teaching strategies to further explore  ideas.  The website can be accessed at:  

http://www.education.vic.gov.au/studentlearning/teachingresources/science/scicontinuum/default.htm
Step 7.   Generate a testable question for investigation
Hints: 

-  Some questions can be investigated scientifically, others not. The way a question is formulated affects the way the investigation is carried out. Questions may need to be refined to make them 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.
-  testable questions may be classified into two types: “decide which…” and “find the effect of...”
- testable questions should enable fair tests to be conducted

- fair tests involve controlling variables ( a variable is a factor which can and does affect the outcomes of an experiment):

      (a) the dependent variable is the thing that is measured or observed in an experiment

      (b) the independent variable is the thing that is being changed in an experiment

      (c) the controlled variables are the things that are kept the same in an experiment

Sample question stems for investigation
	Comparative decisions required 


	Determination of effects required

	· 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…?


Case study (continued):

Prior to considering the students’ question “Is it better to grow indigenous plants than introduced plants in our school garden?”, the teacher explored student ideas about what they would like to investigate.  Other questions which were generated are shown below.  The teacher intends that the whole class considers the question, “Is it better to grow indigenous plants than introduced plants in our school garden?” and then small groups of students will investigate the other questions, and report their findings back to the rest of the class. 

From concept to testable question for investigation
	Concept
	Student question
	Testable question

	Survival in different soils 
	Does the kind of soil affect the survival of indigenous plants?
	Which type of soil affects the growth of indigenous plants?



	Compost and survival
	Is compost made from gum leaves better for indigenous plants or for introduced plants?

	- What effect does using compost made from gum/tea leaves have on the growth of indigenous and introduced plants?

- Is compost made from gum/tea leaves better for the growth of indigenous/introduced plants than compost made from tea leaves?

-What is the most effective mix of gum leaves and tea leaves to make compost for indigenous/introduced plants?

	Mythbusting
	Was grandma right? Do tea leaves make good compost?
	

	Surviving in harsh climates 
	Does temperature affect the survival of indigenous and introduced plants?
	What effect does temperature have on the survival of indigenous and introduced plants?

	Survival in different places 
	Do plants native to one place survive as well as in other places?
	What happens to the survival of an indigenous plant if it is moved to a different environment?

	Day and night watering 
	Do plants survive better if they are watered at night or during the day?
	-  Is it better to water plants during the day or at night?
-  Is watering plants more effective during the day or at night?

- How does the time of watering (day or night) affect the survival and growth of plants?


Step 8.   Student design and reporting of experiments
Hints:

-  Students should clearly identify the dependent variable, independent variable and controlled variables in their experiment
-  A prediction or hypothesis should be proposed prior to the experiment. A hypothesis may be generated by completing the following: “If (something is done), then (something will happen).”
-  Students should be aware of safety procedures associated with the materials and equipment they use, and the procedures they follow (teachers should approve all materials, equipment and procedures prior to students undertaking experiments)

- Students should draw labelled diagrams to show how their experiments will be set up

- Experimental results should be recorded and presented appropriately (tables, graphs and labelled diagrams should be used wherever possible)

- Students should comment on their results and their prediction/hypothesis.  Students may generate a comment by considering the following: “What happened to …(dependent variable)…when we changed …(independent variable)…? 

-  A reflection should be included in a student’s report: how well did the student think he/she completed the investigation? How could the investigation be improved?    
Case study (continued):

When considering the question “Is it better to grow indigenous plants than introduced plants in our school garden?”, a student completed the following experimental design template:

Name    Vicky

Team members   Fraser, Alexander, Ursula, Nick
Question  (What are we trying to find out?) 
Is it better to grow indigenous plants than introduced plants in our school garden?
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Our prediction  (What do we think will happen and why?)  
We think that if we use indigenous plants, then they will grow and survive in our school soil better than if we use introduced plants.
What equipment do we need? How will we set it up?  (Make drawings and label the equipment and materials you will need)
The equipment that we will need is:

1. a one-metre by half-a-metre area in the school garden bed
2. spade for getting the soil ready

3. watering can and water

4. 8 seedlings of one type of indigenous plant (we used Boobialla – its botanical name is Myoporum insulare)

5. 8 seedlings of another type of indigenous plant (we used dry land tea tree – its botanical name is Melaleuca lanceolata)

6. 8 seedlings of one type of introduced plant (we used New Zealand Christmas bush, because it was already growing in the garden – its botanical name is Metrosideros excelsus)

7. 8 seedlings of another type of introduced plant (we used Norfolk Island hibiscus, because it was already growing in the garden – its botanical name is Lagunaria patersonia)
8. ruler (to measure the distances apart that we would plant the seedlings, and to measure seedling heights when they grew)

9. pen and paper to record our results
This is a bird’s eye diagram of the planting of our seedlings in our garden bed:






Key:   A = boobialla seedling – indigenous (botanical name is Myoporum insulare)

        B = dry land tea tree seedling – indigenous (botanical name is Melaleuca lanceolata)
          C = New Zealand Christmas bush seedling – introduced (botanical name is Metrosideros excelsus)
          D = Norfolk Island hibiscus seedling – introduced (botanical name is Lagunaria patersonia)

Procedure (What will we do? Produce a list of the steps in our experiment) 

1. Prepare a one-metre by half-a-metre area in the school garden bed for growing seedlings by raking and watering the soil.

2. Collect eight seedlings of each of the following:
              indigenous seedling – boobialla

              indigenous seedling – dry land tea tree

              introduced seedling – New Zealand Christmas bush

              introduced seedling – Norfolk Island hibiscus

3. Plant the seedlings 10 centimetres apart as shown in the planning diagram.

4. Measure the height of each seedling and record results in a table.

5. Look at how each seedling looks and record the results in a table.

6. Water the plants every recess, giving each plant a light spray with a watering can, just like it was raining on the plants.

7. Record heights and how each seedling looks at the end of each week, for six weeks.
Recording our results  (What is the best way to record our results? Are our results the same as, or different from, the results of other teams?)
We will record our results in a table like this, for each type of plant:
Plant seedling type: boobialla

	Week
	Plant 1
	Plant 2
	Plant 3
	Plant 4
	Plant 5
	Plant 6
	Plant 7
	Plant 8

	
	height (cm)
	looks
	height (cm)
	looks
	height (cm)
	looks
	height (cm)
	looks
	height (cm)
	looks
	height (cm)
	looks
	height (cm)
	looks
	height (cm)
	looks

	1
	4.2
	
	3.8
	
	3.9
	
	4.5
	
	4.1
	
	4.2
	
	3.9
	
	4
	

	2
	4.4
	
	3.8
	
	4
	
	4.7
	
	4.1
	
	4.5
	
	3.9
	
	4.2
	

	3
	4.5
	
	3.9
	
	4
	
	4.8
	
	4.2
	
	4.7
	
	4.1
	
	4.4
	

	4
	4.7
	
	4.1
	
	4.1
	
	5
	
	4.5
	
	4.8
	
	4.4
	
	4.5
	

	5
	4.9
	
	4.2
	
	4.2
	
	5.2
	
	4.7
	
	4.9
	
	4.5
	
	4.6
	

	6
	5.1
	
	4.4
	
	4.4
	
	5.3
	
	5
	
	5
	
	4.7
	
	4.8
	


We found out lots of things from our results, but we had to do lots of work to get our results because we had a lot of information about how the plants grew and looked. The most useful thing that we worked out was how much each of the different plants grew because we could then graph our results.

	Week
	Plant growth (centimetres)

	
	Plant 1
	Plant 2
	Plant 3
	Plant 4
	Plant 5
	Plant 6
	Plant 7
	Plant 8

	1
	0
	0
	0
	0
	0
	0
	0
	0

	2
	0.2
	0
	0.1
	0.2
	0
	0.3
	0
	0.2

	3
	0.3
	0.1
	0.1
	0.3
	0.1
	0.5
	0.2
	0.4

	4
	0.5
	0.3
	0.2
	0.5
	0.4
	0.6
	0.5
	0.5

	5
	0.7
	0.4
	0.3
	0.7
	0.6
	0.7
	0.6
	0.6

	6
	0.9
	0.6
	0.5
	0.8
	0.9
	0.8
	0.8
	0.8


We graphed the results for each of the four types of plants after we worked out what their growth was.  For the boobialla, we produced the following graph:
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	 Are our results the same as, or different from, the results of other teams?

Our results are similar to the results from other groups in our class.  Mostly, we saw that indigenous plants grew taller than introduced plants and that they also looked healthier and didn’t have so many brown dead leaves on them.  The graphs for the boobialla plants and the dry land tea tree seedlings showed faster growth than the graphs for the New Zealand Christmas bush and the Norfolk Island hibiscus.  Also, when we looked at the plants, we saw that the indigenous plants usually looked healthier than the introduced plants.



Explaining our results  (What happened to…<dependent variable>…when we changed… <independent variable>…?  Why did this happen?)
	What happened to …(dependent variable)…when we changed… (independent variable)…?

When we used indigenous seedlings, the plant growth and healthiness of them was more than when we used the introduced plants.  Their growth was more when we looked at the graphs and they also looked greener than the introduced plants and didn’t have many brown dry bits in them.
Why did this happen?

We think this happened because indigenous plants (like the boobialla and the dry land tea tree) seem to survive better in our soil using a small amount of water from the watering can than introduced plants (like the New Zealand Christmas bush and the Norfolk Island hibiscus).  Maybe this is because they have some kind of features that help them to survive in the conditions and don’t need as much water as the introduced plants.



Conclusion (What is our answer to our investigation?)
	The indigenous plants we used in our experiment grow and survive better in our school soil using small amounts of water than the introduced plants we used.



Reflection  (How well do I think we did the investigation? Could we improve the way we did the investigation? What questions do I have which could be investigated in future?)
	How well do we think we did the investigation?

We worked very well together as a group after a bit of organizing happened.  At the start, we all wanted to do the planting but we realized that someone had to do the digging and the watering and other bits of planting and writing down all our measurements and what we saw.  So we gave everyone tasks to do.  But my task was to water the plants and I got a bit sick of watering every recess, so we took it in turns to water and do the writing of results so it was fairer.  I think we measured very carefully and we were all pleased because we thought we had done a fair test to answer our question about the indigenous and introduced plants.  The graphs were a bit hard to do so our teacher helped us to draw them on our computers.
Could we improve the way we did the investigation? (Explain)
I think that we could have organized ourselves better at the start of the experiment instead of all wanting to do the same thing. Maybe we should have also thought about spreading the plants around, instead of always planting A next to B, B next to C and C next to D.  maybe if A was planted next to C then something different may have happened.

What questions do I have which could be investigated in future?
1.  Would other indigenous plants grow just as well as the ones we chose? I think that we needed to test more types of plants because some plants may be slower growers than the rest.  So even though the indigenous plants in our experiment grew more than the introduced plants, maybe that was because the introduced plants just take a longer time to grow.  Maybe some introduced plants could grow better than the indigenous plants we used in our experiment, but we would need to find out.
2.   Would doing the experiment for longer than six weeks make a difference to our results? Maybe the indigenous plants would slow down in growing, and maybe the introduced plants would speed up.  Also, we don’t know how high it is possible for each plant to grow – we need to test trees that can grow to the same height.

3.  Would it make a difference if we did our tests in summer? We probably actually need to do these tests in summer because we did them in autumn when it is not as hot.  Maybe the plants would grow differently in different seasons of the year – we could test this too!



What could affect what we measure or observe in the experiment?





Is it better to grow indigenous plants than introduced plants in our school garden? 








Sunlight – plants kept in the same area





Amount of water used in watering





Type of soil – we will use school soil from the proposed garden area





half a metre





Dependent variable


(what will be measured or observed in the experiment?)


Plant growth


Healthy appearance of plant  (e.g. leaf colour, dryness)








Controlled variables


(what will  be kept the same in the experiment?)








   A       B       C      D          A      B      C      D 








   A       B       C      D          A      B      C      D








   A       B       C      D          A      B      C      D








   A       B       C      D          A      B      C      D








school soil in our play garden area





Independent variable


(what will be changed in the experiment?)


Type of plant – indigenous and natives





1 metre








seedlings were planted 10 centimetres apart





Height of seedlings





Maximum height that seedlings can reach
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