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The science learning area in the New Zealand Curriculum promotes the idea of developing citizenship capabilities. Students (citizens) need to be ready, willing and able to use their science knowledge. This means dispositions are important. What does this mean for teaching and learning?

Engaging critically with science is a bit like being a book or theatre critic. To do this well, learners need a functional knowledge of science in order to be able to:

· say what science is

· say what its strengths and weaknesses are

· ask informed questions about science issues.

Building knowledge of science content and the processes of science is important, and so is building knowledge of the nature of science. Five science capabilities have been defined to combine learning in these three areas.

The science capabilities help students practice the types of thinking, questioning, and actions needed to become informed citizens. This helps build their knowledge and confidence to use their growing capabilities. 

Introducing five science capabilities

Five basic capabilities in the science learning area have been identified from our Nature of Science (NOS) research. We asked what capabilities could contribute to a functional knowledge of science. We also thought about what these capabilities would look like for students at different ages and what we might expect to see them do and say.
Within each capability you will find over ten resources to explore and use in the classroom. Explore the capabilities and resources below. These capabilities are a guide for adapting teaching and learning and are not an exhaustive list. The boundaries between the capabilities are blurry. Any learning activity could provide opportunities to strengthen more than one of them, but for planning, teaching and assessment purposes, it is useful to foreground one specific capability. 

The five science capabilities
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  Gather & interpret data

Learners make careful observations and differentiate between observation and inference. 
Science knowledge is based on data derived from direct, or indirect, observations of the natural physical world and often includes measuring something. An inference is a conclusion you draw from observations – the meaning you make from observations. Understanding the difference is an important step towards being scientifically literate.
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  Use evidence

Learners support their ideas with evidence and look for evidence supporting others' explanations. 
Science is a way of explaining the world. Science is empirical and measurable. This means that in science, explanations need to be supported by evidence that is based on, or derived from, observations of the natural world.
· [image: image4.png]


  Critique evidence

Not all questions can be answered by science.
· [image: image5.png]


  Interpret representations

Scientists represent their ideas in a variety of ways, including models, graphs, charts, diagrams and written texts.
Learners think about how data is presented and ask questions such as:
· What does this representation tell us?
· What is left out?
· How does this representation get the message across?
· Why is it presented in this particular way?
· [image: image6.png]


  Engage with science

This capability requires students to use the other capabilities to engage with science in “real life” contexts.
It involves students taking an interest in science issues, participating in discussions about science and at times taking action.

How the capabilities relate to the NOS strand of NZC

· The first three capabilities link to Understanding about science  (the focus is on scientists’ investigations)

· The first three capabilities link to Investigating in science  (the focus is on students’ investigations)

· The fourth capability links to  Communicating in science   
· The fifth capability links to Participating and Contributing  

What you can do with the capabilities
The resources under each capability show how to design classroom learning experiences that foreground the Nature of Science. These new resources adapt existing resources - for example how the Connected or Applications readers might be adapted to develop NOS ideas. A wide range of existing resources have been used. They illustrate how the capabilities contribute to science learning that is important in the New Zealand Curriculum. 

The Nature of Science strand explores ways science knowledge is created and used in the world. This strand can be used to change teaching and learning to help achieve the citizenship purpose. Based on the NOS strand, five foundational science capabilities  have been identified. These are:     

· Gather and interpret information 

· Use evidence to support ideas 

· Critique evidence 

· Make meaning of scientific representations 

· Engage with science 

These are things students need to show they can do; their capabilities will be strengthened with practice.

Here is an  example of one activity  being adapted differently to foreground different capabilities. 
Opportunities to learn at different curriculum levels 

Students make progress when they can demonstrate greater capability in making scientifically meaningful observation and carrying out systematic data gathering. For this to happen they need to encounter tasks that stretch them, yet are achievable. A mix of the aspects in the task design will determine its overall difficulty level for students. The table contrasts features more typical of Level 1 and 2 tasks with those students might encounter at level 5. Level 3 and 4 tasks/contexts will combine some easier and some more demanding features. 

	Aspect of task at level 1/2 
	Aspect of task at level 5 

	Framing of task
The task has been shaped to eliminate ambiguity: what is displayed directs attention to what needs to be observed: e.g. a simple clear line drawing, a very carefully framed photograph, a purposefully selected simple object, a very simple identification key.

The sense(s) and observation tools involved  are clearly identified for the students.

The task involves use of simple familiar language to talk about the act of observing and making meaning: e.g. “I see…, I think.., I wonder…”

 
	Framing of task
The task is open to interpretation because it is not self-evident what the focus of the observation/data gathering should be, or why: e.g. a ‘busy’ photograph, a compound image with a number of different elements, a real thing with many different features, a complex identification key.

The task may require students to make choices about observation methods and tools.

The task requires students to explicitly differentiate between when they (or scientists) are shaping an observation and when they are making an inference. 

Some tasks will challenge students to shape testable hypotheses from their inferences.

Some tasks might provide opportunities to explore instances where indirect observations must be made because more direct methods cannot be used.

	Choice of context
The context is likely to be familiar or easily associated with something that is already familiar to many students.

The context can be readily accessed.
	Choice of context
A wider range of contexts will be used: some familiar, some less so.

The context might present an unexpected or surprising aspect of something so familiar that it tends to be taken for granted.

	Prior science knowledge
The task uses everyday ideas and language, or very simple and familiar science ideas, to give meaning to the observation focus.
	Prior science knowledge
The task draws on students’ prior science knowledge of relevant concepts. These act as a guide to what it might be important to observe, or what data might be relevant to gather.

	Metacognitive awareness
Tasks encourage students to talk about the thinking they do as they make observations or gather data. In this way they build awareness of when they are being careful observers and meaning-makers.
	Metacognitive awareness
The task provides opportunities for students to talk about instances when inferences are central to meaning-making (either their own and that of others, including scientists).


[image: image7.png]


  Gather & interpret data
Science knowledge is based on data derived from direct, or indirect, observations of the natural physical world. We gather data by using our senses: sight, hearing, touch, taste, smell - to make observations. Making careful observations often includes measuring something. Observations are influenced by what you already know. 
Interpreting data involves making meaning from observations. A conclusion you draw from observations is called an inference. To help students differentiate between observation and inference, ask:

· Is it something we can see, hear, smell, touch or taste? Is it measurable?

· What did you see? (observation); What might that mean? (inference).

To try and ensure their explanations are robust, i.e. that their inferences are valid, scientists do a number of different things, for example:
· They ask questions like: “Could there be another explanation for this data?”

· They might collect more data, perhaps using a different method. They might also test alternative explanations.

· They communicate and debate their ideas with other scientists.

Understanding the importance of observation in science is essential if we are to develop scientifically literate citizens . 
What opportunities to develop this capability look like at different curriculum levels 
	Level 1 & 2



Counting Kōura
	

Making Puddles

	

The Land Changes

	

Slimes and Oozes


	Level 3 & 4



“Eureka!” 

	

Soil Animals

	

Weather 

	

Rolling marbles II


	Level 5



The Noisy Reef

	

Watch This Space

	

Food webs
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Level : 1, 2 
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Author: Brian Gore.  Connected 1, 2007, page 18 

This resource illustrates how an article from Connected can be adapted to provide opportunities for students to strengthen their capability to gather and interpret data in the context of science.

Curriculum Aims and AOs

The Nature of Science strand
	Aim
	Achievement objectives relevant to this resource

	Understanding about science
Learn about science as a knowledge system: the features of scientific knowledge and the processes by which it is developed; and learn about the ways in which the work of scientists interacts with society.
	L1 & 2:

Appreciate that scientists ask questions about our world that lead to investigations and that open-mindedness is important because there may be more than one explanation.

	Investigating in science
Carry out scientific investigations using a variety of approaches: classifying and identifying, pattern seeking, exploring, investigating models, fair testing, making things or developing systems.
	L1 & 2:

Extend their experiences and personal explanations of the natural world through exploration, play, asking questions, and discussing simple models.


The Living World strand
	Aim
	Achievement objectives relevant to this resource

	Ecology
Understand how living things interact with each other and with the nonliving environment.
	L1 & 2:

Recognise that all living things are suited to their particular habitat.


Learning focus

Students observe closely and make inferences based on their observations.

Learning activity

This article provides an opportunity for students to differentiate between observation and inference. It draws on both traditional Māori knowledge and modern technologies to find out more about kōura.

Adapting the resource
1. Show the students the picture of the kōura on pages 18 & 19 but hide the text. (You might like to enlarge the photo or print copies so students can look closely at the photo). Ask the students to look closely at the kōura and describe what they can see. You may need to prompt them. For example: 

· How many legs can you see? What do they look like?

· Look very carefully at the big front legs. Do they look smooth or rough? Are they straight or bendy?

· What colour is the kōura?

· Look at the tail. How many bits (segments) can you see?

· What do its eyes look like? What do the long feelers look like?

· Look carefully at the face and head. What do you see?

· What is the body covered with?

In this initial activity discourage students from making inferences – just get them to describe what they can see.
1. Now ask the students the question in the first paragraph of the article, “How do you think a kōura might move around?

	If the students say “the kōura walks” ask… 
	If the students say “the kōura swims” ask… 

	What makes you think so?

Do you think it uses all its legs for walking? What makes you think so?
	What makes you think so? 


In answering these questions, students are making meaning based on their observations, i.e., they are thinking about what they see (interpreting data).

1. Now ask students to look carefully at the pincers and ask: 

2. What do you think these are for? Prompt the students to elaborate on their answers, backing up their ideas with evidence (this could be what they can see in the photo or prior knowledge).

3. On page 21 there is a photo of a kōura being measured. Get the students to look closely at the photo and ask: 

· What can you see?

· Why might it be important to measure the kōura?

4. Page 22 describes a variety of ways scientists tried to count kōura. Ask: 

· Why do you think the scientists wanted to know how many kōura there were?

This article contains the answers to these questions but focus on how the students justify their ideas, rather than on what the text says.

What’s important here?

What counts as evidence in science are observations (direct and indirect) of the natural physical world. Scientists put effort into ensuring they have robust data (i.e., that their observations are accurate). This often involves measuring something.

Developing an appreciation of what counts as evidence in science supports students to become scientifically literate, i.e., to participate as critical, informed, and responsible citizens in a society in which science plays a significant role. (This is the purpose of science in NZC.)

What are we looking for?

When you ask, “What do you see?”

· Do students limit their answers to things that are observable?

· How much detail do they include?

When you ask, “What do you think?”

· Do students support their ideas with their observations?

· Do they draw on a number of observations to support their ideas?

Exploring further

If you want to include this activity as part of a larger unit of work, consider providing video footage of kōura. Students would then have opportunities for different sorts of observations, e.g., how kōura move, how they feed, etc.

Connected 1, 2007 contains several other articles with detailed photos that would be good for encouraging close observation and inference. Generally the information in the text will give teachers the necessary background information to be able to support students as they think about what they observe (i.e., make inferences).

The Science Learning Hub has a student activity called  Observation: Learning to see  about the Maud Island frog. This could easily be adapted for Level 1 and 2 students.

The Building Science Concepts series includes several booklets that all contain activities that could be used to foreground observation for Level 1 & 2 students, e.g.:

· Slugs and Snails: Investigating Small Animals (Booklet 45)

· Birds: Structure, Function, and Adaptation (Booklet 3)

· Is This an Animal?: Introducing the Animal Kingdom (Booklet 39)

· Life Between the Tides: Sandy Shore, Mudflats, and Rocky Shores (Booklet 21)

· Fur, Feathers and Bark: Animal and Plant Coverings (Booklet 5)

· Animal Life Histories: Reproduction, Growth, and Change (Booklet 4)

The last 2 booklets are also accompanied by picture packs that could be useful.

Key Words:   Building Science Concepts, animals
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Level : 1, 2 

Author: Sue Averill & Room 7, Westshore School.  Connected 1, 2000, pages 12-17 

This resource illustrates how an article from Connected can be adapted to provide opportunities for students to strengthen their capability to gather and interpret data in the context of science.

Curriculum Aims and AOs
The Nature of Science strand
	Aim
	Achievement objectives relevant to this resource

	Investigating in science
Carry out scientific investigations using a variety of approaches: classifying and identifying, pattern seeking, exploring, investigating models, fair testing, making things or developing systems.
	L1 & 2:

Extend their experiences and personal explanations of the natural world through exploration, play, asking questions, and discussing simple models.


The Material World and Physical World strands
	Aims
	Achievement objectives relevant to this resource

	Material World:
Properties and changes of matter
Investigate the properties of materials.
	L1 & 2:

Observe, describe and compare physical and chemical properties of common materials and changes that occur when materials are … heated.

	Physical World:
Physical inquiry and physics concepts
Explore and investigate physical phenomena in everyday situations.

 
	L1 &2:

Explore everyday examples of physical phenomena, such as … heat.

Seek and describe simple patterns in physical phenomena.


Learning focus
Students examine the results from an investigation and make inferences based on the data.

Learning activity
The article is about a class investigation into the role of the sun in evaporating puddles. At intervals the children drew around puddles and then talked about the results.

Adapting the resource
This article provides an opportunity for students to differentiate between data produced during an investigation and making inferences from this data. Because evaporation is a process that is invisible (although we can see the puddle getting smaller, we cannot see water in its gaseous form), students have to make inferences to explain where the water has gone. 

The table below shows the sorts of questions that the teacher can ask to focus students on

a) The data collected from an investigation

b) Inferences that can be made from that data.

	Questions that focus on data
	Questions that focus on inference

	What happened to both puddles? [they disappeared]

What did you see/notice about the puddles?
	Where do you think the water might have gone?

[1] Do you have any evidence to support that idea?

	Which puddle took longer/shorter to dry up? 
	Why do you think that might be? 


To strengthen students’ awareness that there are two distinct actions, encourage them to talk about or record “What we see” and “What we think”.

What’s important here?
What counts as evidence in science are observations (direct and indirect) of the natural physical world. Observation and measurement provide the tools for noticing patterns. Noticing the details of what happens provides a sound basis for developing and justifying explanations about the natural world.

Developing an appreciation of what counts as evidence in science supports students to become scientifically literate, i.e., to participate as critical, informed, and responsible citizens in a society in which science plays a significant role.(This is the purpose of science in NZC.)

What are we looking for?
	When you ask, “What do you see?”
	When you ask, “What do you think?”

	Do students limit their answers to things that are observable?

How much detail do they include?

Do they notice patterns and relationships in the data?
	Do students support their ideas with their observations?

Do they draw on a number of observations to support their ideas?

Do they generalise from different sets of data?


Exploring further
If you want to include this activity as part of a larger unit of work, consider students posing their own questions about other environmental factors that make a puddle evaporate more quickly. Students would then have opportunities for examining and explaining their own sets of data.

Rēwena: the Queen of Breads (Connected 1, 2003, page 23) describes how to make rēwena bread. If students actually do this, there are opportunities for them to notice and describe changes occurring and make inferences about what causes the changes to the dough.

The Shell Collector (Connected 1, 2005, pages 8-11) describes a real example of a student’s investigation about what eats native snails. Students could identify what she noticed, and what this made her think about. This article is the basis for a capability 5 resource.

The Assessment Resource Banks include many examples of data from investigations that students could discuss and differentiate between what they can see and what they think about. See for example:

· Finding out about colour (PW3667) 

· Which magnet is strongest? (PW3670) 

· Changes to our piece of pumpkin (MW5134) 

· Cooking (MW6322) 

The Building Science Concepts series includes several booklets that contain activities that could be used for Level 1 & 2 students to foreground making meaning from observations. See for example:

· Floating and sinking: How Objects Behave in Water (Booklet 37)

· Sand, Salt and Jelly Crystals: Melting and Mixing Materials (Booklet 16)

· Where’s the water?: Water’s Forms and Changes in Form (Booklet 15)

· [image: image235.jpg]


Waterways: How Rivers and Streams Work (Booklet 1)

Key words:  Connected, water
[1] This question is more about supporting ideas with evidence, but is a logical follow on to making observations and inferring from them.

The Land Changes: Keeping Earth’s Systems                                      in Balance to Sustain Life [image: image25.png]
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Level : 1, 2 
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Building Science Concepts, Booklet 52 

This BSC booklet provides opportunities “for children to understand that the landscape is continuously changing”. It also provides many opportunities to stress the difference between observation and inference, strengthening students’ capability to gather and interpret data.
Curriculum Aims and AOs
The Nature of Science strand
	Aim
	Achievement objectives relevant to this resource

	Investigating in science
Carry out scientific investigations using a variety of approaches: classifying and identifying, pattern seeking, exploring, investigating models, fair testing, making things or developing systems.
	L1 & 2:

Extend their experiences and personal explanations of the natural world through exploration, play, asking questions, and discussing simple models.


Planet Earth and Beyond strand
	Aim
	Achievement objectives relevant to this resource

	Interacting systems
Investigate and understand that the geosphere, hydrosphere, atmosphere, and biosphere are connected via a complex web of processes.
	L1 & 2:

Describe how natural features are changed and resources affected by natural events and human actions.


Learning focus
Students differentiate between observations and inferences.

Learning activity
In Section 2, Activity 1 (page 10) students in Levels 1 & 2 look at past and present day photos of the school to identify changes. These changes are then put in a chart:

	What has changed?
	How has it changed?
	What do we think caused the change?
	What is the effect of the change?

	The tree 
	It has grown. 
	Time and conditions that allow growth 
	There is a shady place in the playground. 


Adapting the resource:
Once the chart has been filled in, lead a class discussion that focuses students’ attention on the difference between observations (what I see) and inferences (what I think). Being able to differentiate is more important than being able to use the word “observation” or “inference”.

Column 1 contains observations. (what students can see in the photos)

Column 2 could contain an observation or an inference.

Column 3 contains inferences. (Students have to think about their observations to make meaning.)

Column 4 could contain an observation or an inference.

Inferences often lead us into new investigations. These investigations in turn require the gathering of more data, which in turn are the basis of further inferences. (This is the dynamic and self-correcting nature of science.) For young children,  Project Zero’s thinking routine “See, think, wonder”  is a useful way to differentiate between observation, inference and investigation.

“I see” (observation)          “I think” (inference)          “I wonder” (going further)

What’s important here?
Encouraging young children to observe closely is laying an important foundation for further learning in science. The ability to differentiate between observation and inference is a useful tool for trying to critique scientific arguments in our everyday lives.

Developing an appreciation of what counts as evidence in science supports students to become scientifically literate, i.e., to participate as critical, informed, and responsible citizens in a society in which science plays a significant role. (This is the purpose of science in NZC.)

What are we looking for?
	When you ask, “What do you see?”
	When you ask, “What do you think?”

	Do students limit their answers to things that are observable?

How much detail do they include?
	Do students support their ideas with their observations?

Do they draw on a number of observations to support their ideas?
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Exploring further
This activity can be adapted to any contexts where students are observing photos or video clips.

Key Words: Building Science Concepts, land forms
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Level : 1, 2 
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Making Better Sense of the Material World , pages 64-67

Making Better Sense of the Material World has several recipes for slimy mixtures. Exploring these mixtures could provide opportunities for students to strengthen their capability to gather and interpret data. In particular, students use the senses of smell and touch as well as sight to make observations.

Curriculum Aims and AOs
The Nature of Science strand
	Aim
	Achievement objectives relevant to this resource

	Investigating in science
Carry out scientific investigations using a variety of approaches: classifying and identifying, pattern seeking, exploring, investigating models, fair testing, making things or developing systems.
	L1 & 2:

Extend their experiences and personal explanations of the natural world through exploration, play, asking questions, and discussing simple models.

	Communicating in science
Develop knowledge of the vocab, numeric & symbol systems, & conventions of science & use this knowledge to communicate about their own and others’ ideas.
	L1 & 2:

Build their language and develop their understandings of the many ways the natural world can be represented.


The Material World strand
	Aim
	Achievement objectives relevant to this resource

	Properties and changes of matter
Investigate the properties of materials.
	L1 & 2:

Observe, describe, and compare physical and chemical properties of common materials and changes that occur when materials are mixed, heated or cooled.


Learning focus
Students observe carefully using sight, smell and touch and use appropriate vocabulary to talk about their observations.

Learning activity
Give students plenty of opportunity to explore the various mixtures and encourage them to talk about what the mixtures look, feel and smell like.

Adapting the resource
Once students have had opportunity to explore the slimy mixtures develop a class chart of their observations. For example:

	Name of recipe
	See
	Smell
	Feel

	Vampire Slime 
	red

thick

sloppy
	odourless 
	slimy

warm

	Mucus Slime 
	bubbles

foam
	soapy 
	slippery 

	Goop 
	  
	  
	sticky 


Discuss with the class that in science, the language used is objective, i.e., we would say “the vampire slime feels slimy” rather than “the vampire slime feels yuck”.

Ask the students in what ways the mixtures are alike and in what ways they are different? (These are observations.)

Some students might also want to propose explanations for why they think the different mixtures behave in the ways that they do. (These are inferences.)

What’s important here?
What counts as evidence in science are observations (direct and indirect) of the natural physical world. An important foundation for the development of scientifically literate citizens is the ability to make close observations and describe these clearly. This activity aims to build students’ capacity to talk about their close observations.

Developing an appreciation of what counts as evidence in science supports students to become scientifically literate, i.e., to participate as critical, informed, and responsible citizens in a society in which science plays a significant role. (This is the purpose of science in NZC.)

What are we looking for?
What words do students use to describe the mixtures?

Are their descriptions objective? Do they use precise, unambiguous language? Do they talk about smell and texture as well as about what the mixtures look like? Can they describe subtle differences?

If you read out the students’ descriptions, can they identify which mixture is being described?

Do students understand that close observations and careful descriptions are important in science?

Exploring further
As well as the recipes provided in Making Better Sense of the Material World, almost any cooking activity lends itself well to this focus on observing carefully using sight, smell, touch and taste and using appropriate vocabulary to talk about their observations.

The following Assessment Resource Banks items focus on food and observation:

· Popcorn (MW6340) 

· Making hokey pokey (MW6332) 

· Cooking (MW6322) 

There are several Building Science Concepts booklets that focus on food, observations and descriptions:

· Bread: The Chemistry of Breadmaking (Booklet 56)

· Eggs: Mixing, Beating, Crushing, and Heating (Booklet 57)

· Sand, Salt and Jelly Crystals: Mixing and Melting Materials (Booklet 16)

The Building Science Concepts series also includes several other booklets with a focus on observation in the Material World:

· Fabrics: Origins, Properties, and Uses (Booklet 48)

· Ice: Melting and Freezing (Booklet 58)

· Introducing Metals: The Properties and Uses of Common Metals (Booklet 32)

Key Words

Making Better Sense, mixtures
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“Eureka!” Accidental Breakthroughs in                                 Science [image: image31.png]
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Level : 3 
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Author: Rupert Alchin.  Connected 3, 1999, pages 26-29 

This resource illustrates how an article from Connected can be adapted to provide opportunities for students to strengthen their capability to gather and interpret data in the context of science.

Curriculum Aims and AOs
The Nature of Science strand
	Aim
	Achievement objectives relevant to this resource

	Understanding about science
Learn about science as a knowledge system: the features of scientific knowledge and the processes by which it is developed; and learn about the ways in which the work of scientists interacts with society.
	L3 & 4:

Appreciate that science is a way of explaining the world and that science knowledge changes over time.

Identify ways in which scientists work together and provide evidence to support their ideas.


The Living World and Material World strands
	Aim
	Achievement objectives relevant to this resource

	Ecology
Understand how living things interact with each other and the nonliving environment.
	L3 & 4:

Explain how living things are suited to their particular habitat and how they respond to environmental changes, both natural and human-induced.

	Chemistry and Society
Make connections between the concepts of chemistry and their applications and show an understanding of the role chemistry plays in the world around them.
	L3 & 4:

Relate the observed, characteristic chemical and physical properties of a range of different materials to technological uses and natural processes.


Learning focus
Scientists observe closely and make inferences based on their observations and prior knowledge.

Learning activity
The article consists of three examples of chance observations that led to breakthroughs in science. Two of these are medical breakthroughs that had repercussions for treating smallpox and bacterial infections. The third relates to the invention of safety glass.

Adapting the resource
For each scenario, students could:

· Identify initial observations made by scientists (what did they notice/hear about);

· Describe what was inferred from this (what did they think);

· Explain what question they then had (what they wondered about);

· Suggest things from their background and experience that helped them think about the meaning of their observations.

What’s important here?
Some important understandings about science that are embedded in this article are:

· Good science is cumulative. Scientists’ theories are built on existing understandings as new observations are made.

· Observations are surprising when they don’t match what you expect to see.

· Observations that surprise can be instrumental in prompting scientists to wonder why. Throughout history, new inferences prompted by surprising events have resulted in some of science’s important understandings. 

· Knowledge and experience have important roles to play in both noticing and making inferences.  Knowledge and observing are bound up together, so: 

· what we know affects what we see

·  when what we expect doesn’t match what we do see, it makes us reconsider what we think.

It is important for students to realise this so they have the expectation that new theories occur when all the right conditions come together.  

Developing an appreciation of what counts as evidence in science supports students to become scientifically literate, i.e., to participate as critical, informed, and responsible citizens in a society in which science plays a significant role. (This is the purpose of science in NZC.)

What are we looking for?
	When you ask, “What did the scientists notice?”
	When you ask, “What did the scientists think?”

	Do students limit their answers to things that are observable?

How much detail do they include?

 
	Do students link scientists’ ideas to their observations?

Do they describe the scientists’ thinking process (or chain of events)?

Do they recognise the role of the scientists’ knowledge in enabling them to both notice and make inferences about surprising events?


Exploring further
The capability 2 resource, A Bird in the Hand, is based on an article about the rediscovery of a bird that was thought to be extinct. This came about initially because of keen observation.

Ask students

· What was noticed?

· Why did their observations cause them to wonder about the bird?
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What background/knowledge did the people have that helped them to notice important details?

Key words

Connected, observation
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Level : 3, 4 

Building Science Concepts, Booklet 6 

This resource illustrates how a Building Science Concepts activity can be adapted to provide opportunities for students to strengthen their capability to gather and interpret data in the context of science.

Curriculum Aims and AOs
The Nature of Science strand
	Aim
	Achievement objectives relevant to this resource

	Investigating in science
Carry out scientific investigations using a variety of approaches: classifying and identifying, pattern seeking, exploring, investigating models, fair testing, making things or developing systems.
	L3 & 4:

Build on prior experiences, working together to share and examine their own and others’ knowledge.

Ask questions, find evidence, explore simple models and carry out appropriate investigations to develop simple explanations.

	Communicating in science
Develop knowledge of the vocabulary, numeric and symbol systems, and conventions of science and use this knowledge to communicate about their own and others’ ideas.
	L3 & 4:

Begin to use a range of scientific symbols, conventions and vocabulary.

Engage with a range of science texts and begin to question the purposes for which these texts are constructed.


The Living World strand
	Aim
	Achievement objectives relevant to this resource

	Evolution
Understand the processes that drive change in groups of living things over long periods of time and be able to discuss the implications of these changes.
	L3 & 4:

Begin to group plants, animals, and other living things into science-based classifications.


Learning focus
Students observe closely and make inferences based on their observations.

Learning activity
Section 1, Activity 2 (page 10) provides an opportunity for students to differentiate between observation and inference. The activity involves collecting soil animals and then using a key from the centre of the booklet to identify them. There is an emphasis on close observation, because keys direct us to closely observe the different features of animals. The last stage is inferring from the observation the identification of the animal.

Adapting the resource
1. Work with students to sort their collected animals into groups, starting with the number of legs.

2. From each group, have them take each animal separately and work through the features to identify the animal. (If students are not familiar with using keys model the process for them.) Ensure that students understand the specialised vocabulary used in the key (e.g., segment, sucker feet, abdomen).

In this initial activity discourage students from just naming the animal (especially familiar ones) – get them to describe what they can see.
1. Ask students what they think the animal is.

2. Once students have made an identification, ask “What do you see that makes you think this is a …..?” “Why do you think it is not a ….?”

3. Where there is not a consensus about the identification of an animal, discuss what is seen differently by various students or what evidence is missing.

	When a student identifies an animal ask
	When a student cannot identify an animal ask

	What makes you think so? 
	Why can’t you tell?

What information do you think is missing?


Note that the key in this resource is quite complex & soil animals are often quite small & there-fore it may be difficult to see their features clearly. If students are struggling, try one of these:

· Use a simpler key (see resources in Exploring further).

· Enlarge the animals using technology such as magnifying glasses, binoscopes or digital microscopes.

· Use enlarged photographs.

What’s important here?
What counts as evidence in science are observations (direct and indirect) of the natural physical world. Scientists put effort into ensuring they have robust data (i.e., that their observations are accurate). This can involve developing or using observation guides (such as classification keys) that tell in detail what to look for.

Developing an appreciation of what counts as evidence in science supports students to become scientifically literate, i.e., to participate as critical, informed, and responsible citizens in a society in which science plays a significant role. (This is the purpose of science in NZC.)

What are we looking for?
	When you ask, “What do you see?”
	When you ask, “What do you think?”

	Do students limit their answers to things that are observable?

How accurate are their observations?
	Do students support their ideas with their observations?

Do they draw on a number of observations (more than one feature) to support their ideas?

Do they eliminate possibilities based on the evidence from their observations?


Exploring further
The Assessment Resource Banks item  Identifying invertebrates (LW0076)  asks students to use a key to identify seven pictured invertebrates.

The Assessment Resource Banks item  Insect or spider? (LW0017)  provides the main features of both animals, and students use this information to identify which category a number of animals fit, giving reasons.

Canterbury University’s Science Outreach website includes a  resource that involves using a key to identify arthropods and birds on Rangatira Island .

The following Assessment Resource Banks items are useful for encouraging observation to classify plants or animals:

· Classifying plants (LW0014)  and  Naming plants (LW0010)  focus on using keys to identify plants.

· Identifying fish and shellfish (LW0015)  includes the use of keys to identify pictured sea animals.

· What makes a reptile a reptile? (LW0051)  provides the features of reptiles. Students decide whether pictures of animals are reptiles, giving reasons for their decisions.

Keywords

Building Science Concepts, classification
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Level : 3, 4 
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Making Better Sense of Planet Earth and Beyond, pages 63-90 

This resource illustrates how some activities in Making Better Sense of Planet Earth and Beyond could be adapted to provide opportunities for students to strengthen their capability to gather and interpret data in the context of science.

Curriculum Aims and AOs
The Nature of Science strand
	Aim
	Achievement objectives relevant to this resource

	Investigating in science
Carry out scientific investigations using a variety of approaches: classifying and identifying, pattern seeking, exploring, investigating models, fair testing, making things or developing systems.
	L3 & 4:

Build on prior experiences, working together to share and examine their own and others’ knowledge.

Ask questions, find evidence, explore simple models and carry out appropriate investigations to develop simple explanations.

	Communicating in science
Develop knowledge of the vocabulary, numeric and symbol systems, and conventions of science and use this knowledge to communicate about their own and others’ ideas.
	L3 & 4:

Begin to use a range of scientific symbols, conventions and vocabulary.

 


Planet Earth and Beyond
	Aim
	Achievement objectives relevant to this resource

	Interacting systems
Investigate and understand that the geosphere, hydrosphere, atmosphere, and biosphere are connected via a complex web of processes.
	L3 & 4:

Investigate the water cycle and its effect on climate, landforms and life.


Learning focus
Students observe closely and make inferences based on their observations.

Learning activity
This chapter contains several activities where students make instruments to measure various aspects of weather, e.g., thermometers, rain gauges, anemometers. They also use these instruments to collect data about the weather.

Adapting the resource
In activity 6 (pages 74-75) students construct a barometer (to measure air pressure) and in activity 17 (page 84) students make a hygrometer (to measure humidity). Once the students have constructed these instruments encourage them to observe closely (over several days) for any changes in readings from these instruments and record the changes they observe. (Observable changes with these instruments will be slight so careful observation will be crucial).

Ask the students:

· What changes do you see? (This is observation)

· What do you think is causing the changes? (This is inference)

[The teachers’ notes for both instruments explain what is happening.]

If students are also collecting data about rainfall, cloud cover, temperature and wind speed they can look for correlations in data. For example:

· Is there a relationship between wind speed and air pressure?

· With the hygrometer, what is the difference in temperature shown on the two thermometers on a dry day? Is this the same on a wet day? Does this pattern always occur?

These activities will also highlight for students the importance of recording data in systematic ways so they can see patterns.

What’s important here?
What counts as evidence in science are observations (direct and indirect) of the natural physical world. Scientists put effort into ensuring they have robust data (i.e., that their observations are accurate).  This often involves measuring something.

Developing an appreciation of what counts as evidence in science supports students to become scientifically literate, i.e., to participate as critical, informed, and responsible citizens in a society in which science plays a significant role. (This is the purpose of science in NZC.)

What are we looking for?
	When you ask, “What do you see?”
	When you ask, “What do you think?”

	Do students limit their answers to things that are observable?

How accurate are their observations?

Can they read a measuring scale?

Can they see patterns in data?
	Do students support their ideas with their observations?

Do they draw on a number of observations to support their ideas?

Do they eliminate possibilities based on the evidence from their observations?
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Exploring further
The Assessment Resource Banks item  Recording the wind (PE7576)  provides an opportunity for students to explore the Beaufort scale of Wind Speed. There are also several ARB items that assess students’ ability to read thermometers.

Keywords
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Level : 3, 4 
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PW4111, Assessment Resource Banks 

This resource illustrates how an Assessment Resource Banks item can be adapted to provide opportunities for students to strengthen their capability to gather and interpret data in the context of science.

Curriculum Aims and AOs
The Nature of Science strand
	Aim
	Achievement objectives relevant to this resource

	Investigating in science
Carry out scientific investigations using a variety of approaches: classifying and identifying, pattern seeking, exploring, investigating models, fair testing, making things or developing systems.
	L1 & 2:

Extend their experiences and personal explanations of the natural world through exploration, play, asking questions, and discussing simple models.


The Physical World strand
	Aim
	Achievement objectives relevant to this resource

	Physical inquiry and physics concepts
Explore and investigate physical phenomena in everyday situations.
	L1 & 2:

Explore, describe, and represent patterns and trends for everyday examples of physical phenomena, such as……movement, forces….


Learning focus
Students closely observe patterns in data and make inferences based on their observations.

Learning activity
This Assessment Resource Banks item supports students to notice patterns in data collected from their own investigation. They roll marbles down a ramp onto two different surfaces, one smooth, and the other rough. They mark the stopping point for each run with a coloured sticker. This provides a visual picture of the pattern of the data.
Adapting the resource
The resource already focuses students on both observation and inference, but asking the questions orally in a group situation is likely to elicit a broader range of responses than a written response.

 Question a) asks students to describe what they notice about the pattern. In this initial activity discourage students from making inferences – just get them to describe what they can see. To support students to just talk about what they see, ask them to:

· start their descriptions with, “On the rough surface…” and/or “On the smooth surface …”

· describe the whole pattern as well as individual points

· compare the patterns of dots on the different surfaces.

Before going on to Questions b) and c) ask students what they think could be the reasons for the patterns they have described. To do this they will need to make inferences based on the data they have collected. Students will be making meaning based on their observations of the patterns, i.e., interpreting data. Focus on how the students justify their ideas.

The Teachers Guide provides examples of the sorts of responses that students make, and suggestions for next learning steps.

What’s important here?
What counts as evidence in science are observations (direct and indirect) of the natural physical world. Scientists put effort into ensuring they have robust data (i.e., that their observations are accurate).  This often involves measuring something. Organising observational data so the patterns are easier to see (e.g., in graphs and tables) is an important part of scientific investigations. (This will be further explored under capability 4: Making sense of representations of science ideas.)

Developing an appreciation of what counts as evidence in science supports students to become scientifically literate, i.e., to participate as critical, informed, and responsible citizens in a society in which science plays a significant role. (This is the purpose of science in NZC.)

What are we looking for?
	When you ask, “What do you see?” 
	When you ask, “What do you think?” 

	Do students limit their answers to things that are observable?

How much detail do they include?

Do they describe the overall pattern as well as the individual measurements?
	Do students support their ideas with their observations?

Do they draw on a number of observations to support their ideas?

Do their explanations relate to the overall pattern?

Do they recognise that the data may include irrelevant outliers?


Exploring further
Activities that involve students measuring how far an object will travel under different conditions could be adapted to use this measurement strategy, which in turn will support students to see the patterns in the data they collect.

Section 2, Activity 2 on Page 11 of Marbles: Exploring Motion and Forces (Building Science Concepts, Booklet 42) investigates the effect of the angle of a slope on how fast a marble travels.

Bikes: Levers, Friction, and Motion(Building Science Concepts, Booklet 59)includes a section on investigating friction.

The Assessment Resource Banks item  Light in my eyes (PW4005)  is an investigation of the pattern of light bouncing off mirrors.

Key words
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Use evidence

Science is a way of explaining the world. Science is empirical & measurable. This means that in science, explanations need to be supported by evidence that is based on, or derived from, observations of the natural world. Students should be encouraged to ask & answer questions eg:

· How do you know that?




· What makes you think so?

· How could you check that?

· So an example of this would be...

· Can you think of an example when this wouldn’t work?

At the very core of science is theory building – making better explanations. What sets scientific explanations apart from other ways of explaining the world is their reliance on evidence and their ability to evolve as new evidence comes to light. 

Scientifically literate citizens understand the importance of a sceptical disposition towards all empirical evidence and the role of argument (in science) and critique in the construction of knowledge in science.

What opportunities to develop this capability look like at different curriculum levels :
	Level 1-4



Tomato
	

A Bird in the Hand
	

Air around us
	

Floating and sinking


	

Solar energy

	

The night sky

	

Chemical popguns

	

White tail spider


	Level 5 (+1 more)


Food of wild cats 

	

Charged! 

	

Takahē

	

The origin of the Moon
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Tomato - Fruit or vegetable [image: image57.png]
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Level : 2, 3 
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Author: K.E. Anderson.  Connected 2, 2000, pages 24-26 

This resource illustrates how a Connected article can be used to provide opportunities for students to strengthen their capability to use evidence to support ideas in the context of science.

Curriculum Aims and AOs
The Nature of Science strand
	Aim
	Achievement objectives relevant to this resource

	Investigating in science
Carry out scientific investigations using a variety of approaches: classifying and identifying, pattern seeking, exploring, investigating models, fair testing, making things or developing systems.
	L1 & 2:

Extend their experiences and personal explanations of the natural world through exploration, play, asking questions, and discussing simple models.

L3 & 4:

Build on prior experiences, working together to share and examine their own and others’ knowledge.


Living World
	Aim
	Achievement objectives relevant to this resource

	Evolution
Understand the processes that drive change in groups of living things over long periods of time and be able to discuss the implications of these changes.
	L1 & 2:

Recognise that there are lots of living things in the world and that they can be grouped in different ways.

L3 & 4:

Begin to group plants, animals and other living things into science-based classifications. 


Learning focus
Students use evidence to support their ideas.
Learning activity
This short article discusses the characteristics of fruit and vegetables. It includes a check sheet of features of common fruits and vegetables and a dictionary (rather than a scientific) definition for fruit and vegetables.

Adapting the resource
1. Reordering the reading of this article will help focus students to think about the evidence required to answer the question."Is a tomato a fruit or a vegetable?" 

· Read together the introduction on page 24.

· Discuss with students whether they think a tomato is a fruit or a vegetable, and their reasons. (Get them to justify their ideas by asking "Why do you think that?")

· Either give the students the definitions for fruit and vegetables on page 26, or get them to look them up for themselves.

· Students then use the definitions to decide which foods are fruit and which are vegetables. Ask, “How do you know?”

· Ask, “Is a tomato a fruit or a vegetable?  How do you know?”

· Read and discuss the rest of the article.

2. Scientific knowledge is an important aspect of developing a capability. To decide whether corn is a fruit or a vegetable, students are likely to need a deeper scientific understanding of the role of flowers and seeds in the reproductive process to be able to recognise that corn kernels are seeds. This could be a good chance to discuss how the more knowledge you have the more likely you are to recognise evidence that is available. Ask: 

· Do you think corn is a fruit or a vegetable?

· What other questions might we need answered before we can decide?

What’s important here?
Science is a way of explaining the world. In science explanations need to be supported by evidence that is based on, or derived from, observations of the natural world. Developing an appreciation of what counts as evidence in science supports students to become scientifically literate, i.e., to participate as critical, informed, and responsible citizens in a society in which science plays a significant role. (This is the purpose of science in NZC.)

Sometimes in science words have meanings that are different from their everyday meanings. For example, tomatoes and corn would usually be considered vegetables in everyday contexts but in science they are fruit. If you want to follow up on this idea, you will be providing an opportunity to strengthen students’ capabilities to make sense of representations about science ideas. (This illustrates how the capabilities overlap.)

What are we looking for?
When students are justifying their decisions, are they using all the relevant evidence needed?

· If they think a tomato is a fruit does it meet all the criteria for fruit?

· If they think it is not a fruit are they able to describe which criteria it doesn't meet?

· Are they able to identify additional questions they need answered to make a decision (e.g., is a corn kernel a seed?)

Exploring further
The activity Is It a Fruit or a Vegetable? (Making Better Sense of the Living World, page 27) could be adapted in a similar way to that described above so that the focus is more on the evidence students are using to justify their decisions.

The following Level 3 Assessment Resource Banks resources are designed to support students to differentiate different categories of animals and to think about the evidence that supports their ideas:

· Insect or spider? (LW0017) 

· What makes a reptile a reptile? (LW0051) 

Key Words
[image: image250.jpg]


Connected, plants

[image: image251.jpg]


A Bird in the Hand [image: image60.png]


[image: image61.png]


[image: image62.png]


Level : 3, 4 

Author: Sarah Lowe.  Connected 3, 2007, pages 20-27. 

This resource illustrates how a Connected article can be used to provide opportunities for students to strengthen their capability to use evidence to support ideas in the context of science.

Curriculum Aims and AOs
The Nature of Science strand
	Aim
	Achievement objectives relevant to this resource

	Understanding about Science
Learn about science as a knowledge system: the features of scientific knowledge and the processes by which it is developed; and learn about the ways in which the work of scientists interacts with society.
	L3 & 4:

Appreciate that science is a way of explaining the world and that science knowledge changes over time.

Identify ways in which scientists work together and provide evidence to support their ideas.


Living World
	Aim
	Achievement objectives relevant to this resource

	Evolution
Understand the processes that drive change in groups of living things over long periods of time and be able to discuss the implications of these changes.
	L3 & 4:

Begin to group plants, animals, and other living things into science-based classifications.


Learning focus 
Students recognise that, for new ideas to be accepted by the science community, scientists share their ideas and evidence with other scientists.

Learning activity
This article is about the rediscovery of a bird that was thought to be extinct. It describes the rigorous procedures the scientists involved had to go through to provide proof of their discovery before it was accepted by the scientific community.

Adapting the resource
The main ideas to be gained from this story are:

· Science ideas change as more information comes to light.

· Scientists have to follow a set of protocols before a new idea is accepted.

1. After reading the story ask: 

· What was the existing knowledge about the New Zealand storm petrel? [It was thought to be extinct.]

· What was the first evidence that suggested that this might not be right? [The photograph of a bird with different markings from white-faced storm petrels.]

· Was this enough evidence to say that it was? Why or why not? [No, because it may have been a poor photograph, it might have been just one bird with unusual markings, it might have been a different species that no-one had ever seen, etc.]

2. Over time more evidence was collected. What was this evidence? [Another photograph with ten of these birds, other sightings and a capture, DNA from the blood samples from the captured bird were compared with DNA from preserved specimens.]

3. Finally, the role of communication in this process could be discussed to develop the idea that changing the status of science knowledge is brought about by a community of scientists, rather than just someone working in isolation, so the evidence has to be very convincing.

Discuss:

· Why did they email their photographs? [To see if anyone had any ideas about what the bird might be.]

· How did publishing an article in Birding World contribute? [Other people became interested in their research.]

· Why did they need to submit a report to OSNZ? [They needed to present all their evidence so the science community could decide if they had good enough evidence.]

When the evidence has been through this level of peer review it is more trustworthy (this relates to capability 3).

What’s important here?
Science is a way of explaining the world. In science explanations need to be supported by evidence that is based on, or derived from, observations of the natural world.

Developing an appreciation of what counts as evidence in science supports students to become scientifically literate, i.e.,to participate as critical, informed, and responsible citizens in a society in which science plays a significant role. (This is the purpose of science in NZC.)

What are we looking for?
Do students show some understanding that:

· Science knowledge is not static, but changes as more evidence emerges.

· When we have more data we can be surer of our conclusions.

· Scientists have to convince other scientists by providing evidence to support their new ideas.

· New ideas are not validated until they have been accepted by the wider science community.

Exploring further
A very similar story about the takahē, from Applications, has been used as the basis for a (level 5) capability 2 resource called Takahē: Back from the Brink.

Other resources for this capability
Key words
Connected, endangered species
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Level : 1, 2, 3, 4 

The Air around Us: Exploring the Substance We Live in. Building Science Concepts, Booklet 30 .
This resource illustrates how an activity from Building Science Concepts can be adapted to provide opportunities for students to strengthen their capability to use evidence to support ideas in the context of science.
Curriculum Aims and AOs
The Nature of Science strand
	Aim
	Achievement objectives relevant to this resource

	Investigating in science
Carry out scientific investigations using a variety of approaches: classifying and identifying, pattern seeking, exploring, investigating models, fair testing, making things or developing systems.
	L1 & 2:

Extend their experiences and personal explanations of the natural world through exploration, play, asking questions, and discussing simple models.

L3 & 4:

Build on prior experiences, working together to share and examine their own and others’ knowledge.


The Material World strand
	Aim
	Achievement objectives relevant to this resource

	Properties and changes of matter
Investigate the properties of materials.
	L1 & 2:

Observe, describe, and compare physical and chemical properties of common materials…

	Chemistry & society
Make connections between the concepts of chemistry and their applications and show an understanding of the role chemistry plays in the world around them.
	L1 & 2:

Find out about the uses of common materials and relate these to their observed properties.

L3 & 4:

Relate the observed characteristic chemical and physical properties of a range of different materials to technological uses and natural processes.


Learning focus
Students use evidence to support their ideas about air.

Learning activity
This booklet provides a range of “hands on” activities where students explore the properties of air.

Adapting the resource
To highlight the importance of supporting ideas with evidence, at the end of the series of activities, ask the students to provide evidence that supports various statements about air. For example:

· Scientists say that air is all around us. Which of the activities we have done provide evidence that supports that idea? [Activity 1, page 8.]

· Scientists say that air can move. Which of the activities we have done provide evidence that supports that idea? [Activity 2, page 9.]

· Scientists say that air held in a space can create an invisible push. Which of the activities we have done provide evidence that supports that idea? [Activity 2, page 10.]

Alternatively after each activity students could be asked which idea from a list of ideas about air is supported by evidence from that particular activity. (The Building Science Concepts booklets directly link the individual activities to the concepts they are designed to develop.)

What’s important here?
Science is a way of explaining the world. In science explanations need to be supported by evidence that is based on, or derived from, observations of the natural world.

Developing an appreciation of what counts as evidence in science supports students to become scientifically literate, i.e., to participate as critical, informed, and responsible citizens in a society in which science plays a significant role. (This is the purpose of science in NZC.)

What are we looking for?
When you ask, “What’s your evidence?” and “How do you know?”:

· Do students describe activities that support the statements given?

· Do they realise which evidence is relevant to a particular explanation?

Exploring further
This strategy could be applied to any investigation. As well as checking whether students can provide relevant data to support an explanation, this strategy also lets you check whether students are making the links between the activities and the concepts you are trying to develop.

Key words

Building Science Concepts, air
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Level : 1, 2, 3, 4 

Floating and Sinking: How Objects Behave in Water. Building Science Concepts, Booklet 37 

Understanding Buoyancy: Why Objects Float or Sink. Building Science Concepts, Booklet 38 

This resource illustrates how activities from Building Science Concepts can be adapted to provide opportunities for students to strengthen their capability to use evidence to support ideas in the context of science.

Curriculum Aims and AOs
The Nature of Science strand
	Aim
	Achievement objectives relevant to this resource

	Investigating in science
Carry out scientific investigations using a variety of approaches: classifying and identifying, pattern seeking, exploring, investigating models, fair testing, making things or developing systems.
	L1 & 2:

Extend their experiences and personal explanations of the natural world through exploration, play, asking questions, and discussing simple models.

L3 & 4:

Build on prior experiences, working together to share and examine their own and others’ knowledge.


NZC LINKS: Physical World
	Aim
	Achievement objectives relevant to this resource

	Physical inquiry and physics concepts
Explore and investigate physical phenomena in everyday situations.
	L1 & 2:

Explore everyday examples of physical phenomena…

Seek and describe simple patterns in physical phenomena.

L3 & 4:

Explore, describe and represent patterns and trends for everyday examples of physical phenomena….


Learning focus
Students look for evidence to decide whether statements are true or false.

Learning activity
These booklets provide a range of “hands on” activities where students explore floating and sinking.

Adapting the resource
To highlight the importance of supporting ideas with evidence, once the children have experienced some of the activities, give them a list of True or False statements and ask them to provide evidence to support their answer. For example:

	Statement
	T or F
	What’s your evidence?

	Heavy objects always sink. 
	  
	  

	Big objects always sink. 
	  
	  

	All rocks sink. 
	  
	  

	All wood floats. 
	  
	  

	Air trapped inside things help them float. 
	  
	  


Students could also be challenged to come up with their own statements.

An important idea to develop with students is that we only need 1 piece of evidence to disprove a theory, e.g., altho’ most rocks sink, pumice floats - this 1 piece of evidence means that “all rocks sink” is false. Science knowledge is tentative, it can change if new (disconfirming) evidence is found.

What's important here
What sets scientific explanations apart from other ways of explaining the world is their reliance on empirical evidence and their ability to evolve as new evidence comes to light. This means it is important to develop a questioning, sceptical disposition towards all empirical evidence.

Developing an appreciation of what counts as evidence in science supports students to become scientifically literate, i.e., to participate as critical, informed, and responsible citizens in a society in which science plays a significant role. (This is the purpose of science in NZC).

What’s important here?
What sets scientific explanations apart from other ways of explaining the world is their reliance on empirical evidence and their ability to evolve as new evidence comes to light. This means it is important to develop a questioning, sceptical disposition towards all empirical evidence.

Developing an appreciation of what counts as evidence in science supports students to become scientifically literate, i.e., to participate as critical, informed, and responsible citizens in a society in which science plays a significant role. (This is the purpose of science in NZC).
What are we looking for?
· Can students find evidence that supports a statement?

· Can they explain how their evidence supports a statement?

· Do they realise the importance of evidence that disconfirms a statement?

Exploring further: This strategy could be applied to any investigations.
Key Words: Building Science Concepts, floating and sinking
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Level : 2, 3, 4 

Solar energy: Sun Power on Earth. Building Science Concepts, Booklet 29 

This resource illustrates how an activity from Building Science Concepts can be adapted to provide opportunities for students to strengthen their capability to use evidence to support ideas in the context of science.

Curriculum Aims and AOs
The Nature of Science strand
	Aim
	Achievement objectives relevant to this resource

	Investigating in science
Carry out scientific investigations using a variety of approaches: classifying and identifying, pattern seeking, exploring, investigating models, fair testing, making things or developing systems
	L1 & 2:

Extend their experiences and personal explanations of the natural world through exploration, play, asking questions, and discussing simple models.

L3 & 4:

Build on prior experiences, working together to share and examine their own and others’ knowledge.

	Communicating in science
Develop knowledge of the vocabulary, numeric and symbolic systems, and conventions of science and use this knowledge to communicate about their own and others’ ideas.
	L1 & 2:

Build their language and develop their understandings of the many ways the natural world can be represented.

L3 & 4:

Engage with a range of scientific texts and begin to question the purposes for which these texts are constructed.


Planet Earth and Beyond 
	Aim
	Achievement objectives relevant to this resource

	Astronomical systems
Investigate and understand relationships between Earth, Moon, Sun, solar system, and other systems in the universe.
	L1 & 2:

Share ideas and observations about the Sun and the Moon and their physical effects on the heat and light available to Earth.

L3 & 4:

Investigate the components of the solar system developing an appreciation of the distances between them.


Learning focus: Students use evidence from graphs to support their ideas.
Learning activity
In Activity 2 on p11 the children record the temp at set times over several days. They graph their results & the teacher encourages them to look for & explain any trends shown.

Adapting the resource
This activity could easily be extended in two different ways to provide opportunities for students to strengthen their capability to use evidence to support ideas.

1. To give the students practice in making meaning from the graphs ask them to write three statements that are supported by the data [Example: It was 20 degrees on Tuesday at 2pm.] and three statements that are not supported by the data. [Example: It was sunny on Tuesday afternoon.] Put each statement on a separate card.

2. Ask the students to give their cards and graph to someone else and challenge them to work out which statements are supported by the data and which are not. The students talk to each other about how they made their decisions.

3. As an extension you could hand out all the “true” statement cards to the class and get the children to match their cards to graphs that support the cards.

4. To give students practice in using evidence to support their explanations when they are offering explanations for trends shown in their graphs, ask: 

· What makes you think so?

· How could you check that explanation?

· What other explanations might fit these data?

What’s important here?
Students cannot use data from graphs to support explanations if they cannot read the graph so it is important to check that they can do that. It is also important that students become aware that there could be more than one explanation for trends they see in the data. Sometimes it is important to suspend judgement until there is enough data.

Developing an appreciation of what counts as evidence in science supports students to become scientifically literate, i.e., to participate as critical, informed, and responsible citizens in a society in which science plays a significant role. (This is the purpose of science in NZC.)

What are we looking for?
· Can the children make meaning from the graphs?

· Can they identify data that supports a claim? Are they aware that the same data could support different claims?

Exploring further
This activity illustrates how maths and science can be meaningfully integrated. It could be adapted to a wide range of contexts. The Figure It Out booklets offer a range of ideas.
Key words: Building Science Concepts, solar energy
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Level : 3, 4 

The Night Sky: Patterns, Observations, and Traditions. Building Science Concepts, Booklet 28 

This resource illustrates how an activity from Building Science Concepts can be adapted to provide opportunities for students to strengthen their capability to use evidence to support ideas in the context of science.

Curriculum Aims and AOs
The Nature of Science strand
	Aim
	Achievement objectives relevant to this resource

	Understanding about Science
Learn about science as a knowledge system: the features of scientific knowledge and the processes by which it is developed; and learn about the ways in which the work of scientists interacts with society.
	L3 & 4:

Appreciate that science is a way of explaining the world and that science knowledge changes over time.


Planet Earth and Beyond
	Aim
	Achievement objectives relevant to this resource

	Astronomical systems
Investigate and understand relationships between Earth, Moon, Sun, solar system, and other systems in the universe.
	L3 & 4:

Investigate the components of the solar system, (developing an appreciation of the distances between them.)


Learning focus
Students identify how new data can cause scientists to revise their explanations. 

Learning activity
In Section 3, Activity 2 (page 15), students are challenged to find ways in which new technologies have assisted research into space objects.

Adapting the resource
By slightly re-focusing this activity to highlight the data collected by these technologies, rather than the technologies themselves, opportunities are provided for students to think about how scientific explanations can change as new evidence comes to light.

For example:

· The traditional view that the Moon was entirely dry has been proven to be incorrect in recent years. How? What is the evidence?

· Astronomers used to think there were canals on Mars. What evidence do we now have that this is not true?

· How many moons does Jupiter have? How do we know?

What’s important here?
Science is a way of explaining the world. Any explanations developed are provisional and may eventually be proved wrong if new evidence comes to light. In this way science is dynamic and self correcting.

Developing an appreciation of whatcounts as evidence in science supports students to become scientifically literate, i.e., to participate as critical, informed, and responsible citizens in a society in which science plays a significant role. (This is the purpose of science in NZC.)

What are we looking for?
· Can students identify why scientific explanations sometimes change?

· Are students developing a sense of what counts as evidence?

Exploring further
The Assessment Resource Banks item  Moon quiz (PE9039)  could be further developed by adding the question, “How do you know?” after each response.

On page 111 of Making Better Sense of Planet Earth and Beyond there is a timeline setting out some important dates in the history of space exploration. Students could be challenged to find out what data was produced from the different explorations. Did any of this data lead to scientists changing their views about space?

The Assessment Resource Banks item  Meat-eating and plant-eating dinosaurs (LW0522)  does not need adapting – the focus is already on providing evidence.

Key Words: Building Science Concepts, space
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Level : 1, 2, 3, 4 

Chemical Popguns. Making Better Sense of the Material World, page 79. 

This resource illustrates how an activity in Making Better Sense of the Material World can be used to provide opportunities for students to strengthen their capability to use evidence to support ideas in the context of science.

Curriculum Aims and AOs
The Nature of Science strand
	Aim
	Achievement objectives relevant to this resource

	Investigating in science
Carry out scientific investigations using a variety of approaches: classifying and identifying, pattern seeking, exploring, investigating models, fair testing, making things or developing systems.
	L1 & 2:

Extend their experiences and personal explanations of the natural world through exploration, play, asking questions, and discussing simple models.

L3 & 4:

Build on prior experiences, working together to share and examine their own and others’ knowledge. Ask questions, find evidence, explore simple models, and carry out appropriate investigations to develop simple explanations. 


Material World
	Aim
	Achievement objectives relevant to this resource

	Properties and changes of matter
Investigate the properties of materials.
	L1 & 2:

Observe, describe and compare physical and chemical properties of common materials and changes that occur when materials are mixed, heated, or cooled.

L3 & 4:

Compare physical and chemical changes.


Learning focus
Students use evidence to support their ideas.

Learning activity
Activity 4 on page 79 of Making Better Sense of the Material World provides instructions to make popguns by mixing vinegar and sodium bicarbonate in a bottle. The notes that accompany the activity provide teachers with a brief explanation of the science occurring.

Adapting the resource
At the end of the activity, ask students to explain:

· why the cork popped out

· what evidence did they notice that supports their ideas.

If they can give an explanation but cannot back it up with evidence, ask:

· What evidence would you need to look for?

· What might you need to do to get that evidence?

What’s important here?
Science is a way of explaining the world. In science, explanations need to be supported by evidence that is based on, or derived from, observations of the natural world.

Developing an appreciation of what counts as evidence in science supports students to become scientifically literate, i.e., to participate as critical, informed, and responsible citizens in a society in which science plays a significant role. (This is the purpose of science in NZC.)

What are we looking for?
· Look for clear links between explanations and evidence. 

· If students talk about the cork being forced off or if they talk about the pressure in the bottle:

· Do they link this to how the cork moves? [Cork gets pushed off & it goes a long way.]

· Can they link the force to the mixture producing gas? [Water doesn’t force the cork off but vinegar and baking soda make an explosion.]

· If students talk about a chemical reaction, or the mixture giving off a gas:

· Can they provide evidence of how they know a gas has been produced? [The vinegar and the baking soda make bubbles. I can hear a fizzing sound. That’s air (gas) coming out.]

· If students provide a tentative explanation [I wonder if you put more baking soda in whether it makes a bigger force.]

· Can they suggest ways to gather more evidence to support their explanation? [We could measure how far the cork goes, then put twice as much baking soda in and measure how far the cork goes again.]

Exploring further
Other activities in the same unit of work (Fizzing and Foaming) in Making Better Sense of the Material World that require building something are suitable contexts for justifying explanations with evidence. They are:

Activity 5: "Hey, Look, the Bubbles Do Push the Boat!”

Activity 7: Make Your Own Fire Extinguisher

Investigation 1: Billowing Balloons

This adaptation could also be applied to any context where students are asked to follow a set of instructions for a science investigation. Engaging in thinking about what happens and providing evidence to support their ideas can greatly enhance a task that is potentially just "hands on" rather than "minds on".

Three Assessment Resource Banks resources,  Throwing balloons 2 (PW2548) ,  Throwing balloons 3 (PW2547)  and  Throwing balloons 4 (PW2549)  have a focus on asking students to justify their ideas. They use the Predict, Observe, Explain strategy, which could be left as is or simplified by using the questions described for Chemical Popguns.

Key words

Making Better Sense of the Material World, fizzing and foaming
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Level : 1, 2 



The White-tailed Spider. Author: Tina Johnson. Ready to Read series, 2010. Guided Reading level: Gold. 

This resource illustrates how a Ready to Read book can be used to provide opportunities for students to strengthen their capability to use evidence to support ideas in the context of science.

Curriculum Aims and AOs
The Nature of Science strand
	Aim
	Achievement objectives relevant to this resource

	Understanding about science
Learn about science as a knowledge system: the features of scientific knowledge and the processes by which it is developed; and learn about the ways in which the work of scientists interacts with society.
	L1 & 2:

Appreciate that scientists ask questions about our world that lead to investigations and that open-mindedness is important because there may be more than one explanation.

	Investigating in science
Carry out scientific investigations using a variety of approaches: classifying and identifying, pattern seeking, exploring, investigating models, fair testing, making things or developing systems.
	L1 & 2:

Extend their experiences and personal explanations of the natural world through exploration, play, asking questions, and discussing simple models.


Living World
	Aim
	Achievement objectives relevant to this resource

	Evolution
Understand the processes that drive change in groups of living things over long periods of time and be able to discuss the implications of these changes.
	L1&2:

Recognise that there are lots of living things in the world and that they can be grouped in different ways.


Learning focus 
Students use evidence to support their ideas.

Learning activity
This non-fiction book is about the white-tailed spider. It includes written descriptions of white-tailed spiders supported by enlarged photographs, one of which is labelled, as well as life size drawings. 

Adapting the resource
After reading and discussing the book, turn to the centre page. Discuss what features would help students identify a white-tailed spider. Include:

· features of spiders in general [8 legs, 2 body parts.]

· features of white-tailed spiders specifically. [Shape, size, length of legs, covering, colour, markings.]

Provide the following sets of cards describing features of some small animals. 

8 legs
2 body parts
Fangs 

6 legs
3 body parts
Brown and grey

8 legs
Fangs
Very hairy
Round body

8 legs
White stripe
40 mm long
Long body
Fangs

8 legs
Long body
Grey colour
Orange bands on legs
White patch at end of body

15 mm long
White patch at end of body
Long legs

Ask students to sort into two piles, those that could not be a white-tail spider and those that could.

For the first group (not white-tails) ask:

· What evidence do you have that makes you think this isn't a white-tail?

For the second group (possibly white-tails) ask:

· What evidence do you have that makes you think this could be a white-tail?

Ask:

· Do you have enough evidence to be sure that any of these descriptions are white-tails?

· What else could you find out about this spider to be surer that it is a white-tail? (Prompt if necessary to use information from the book.)

What’s important here?
Science is a way of explaining the world. In science, explanations need to be supported by evidence that is based on, or derived from, observations of the natural world.

Developing an appreciation of what counts as evidence in science supports students to become scientifically literate, i.e., to participate as critical, informed, and responsible citizens in a society in which science plays a significant role. (This is the purpose of science in NZC.)

What are we looking for?
· When students are justifying their decisions, are they using all the relevant evidence needed?

· If they think it is a white-tail does it meet all the criteria for whitetails?

· If they think it is not a white-tail are they able to describe which criteria it doesn't meet?

· Do they understand that if any feature of the spider is different it cannot be a white tail?

· Can they identify which observations are useful and which are not for identifying a specific type of spider?

Exploring further
This activity could be adapted to any context where students are asked to identify a specific animal or plant.

An Assessment Resource Banks item, Insect or spider (LW0017) , is designed to be used to support students to differentiate between insects and spiders. This is a L3 resource so students may need some support to complete it. Consider using it as the basis for a class discussion. A good beginning point might be deciding what makes a white-tail a spider.

Key words:  Ready to Read, spiders
Critique evidence

Science knowledge is based on data derived from direct, or indirect observations of the natural physical world and often includes measuring something. An inference is a conclusion you draw from observations – the meaning you make from observations. Understanding the difference is an important step towards being scientifically literate.

This capability illustrates well the point that capabilities are more than skills. In order to evaluate the trustworthiness of data, students need to know quite a lot about the qualities of scientific tests. They need both methodological knowledge & statistical knowledge to know what sorts of questions to ask. Students should be encouraged to ask and answer questions such as:

· How sure are you of your results?

· How did you get the data? What were the possible short comings of this method?

· How could you check your findings?

· How many times was the experiment repeated?

· How were the measurements taken and recorded? How confident are you that the measurements are accurate?

· Did these results surprise you? What were you expecting to find out?

· Would these results always be true?

Knowing something about interpreting data is important for the scientifically literate citizen . In addition to the questions above, scientifically literate citizens need to think about who benefits from any particular findings, and the level of the researchers’ impartiality. They also need to be clear about the limits of science. Not all questions can be answered by science.

What opportunities to develop this capability look like at different curriculum levels                    Also L1-4: Miss my Pet
	Level 1- 4
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Level : 2, 3, 4 



Author: Ken Benn.  Connected 2, 2006, pages 2-9 

This resource illustrates how a mathematics statistical investigation can be used to provide opportunities for students to strengthen their capability to critique evidence in the context of science.
Curriculum Aims and AOs
The Nature of Science Strand
	Aims
	Achievement objectives relevant to this resource

	Investigating in science
Carry out scientific investigations using a variety of approaches: classifying and identifying, pattern seeking, exploring, investigating models, fair testing, making things or developing systems.
	L1 & 2:

Extend their experiences and personal explanations of the natural world through exploration, play, asking questions, and discussing simple models.

 L3 & 4:

Build on prior experiences, working together to share and examine their own and others’ knowledge.


Living World
	Aims
	Achievement objectives relevant to this resource

	Life processes
Understand the processes of life and appreciate the diversity of living things.
	L1 & 2:

Recognise that all living things have certain requirements so they can stay alive.

L3 & 4:

Recognise that there are life processes common to all living things and that these occur in different ways.


Learning focus
Students critique their data.

Learning activity
This story is about the data collected by a class about the lifespan of their pets, and the ensuing discussion about what the data could tell them and what it couldn't, and how it can be reorganised to tell a different story.

The story itself gives plenty of pointers for the sorts of questions to ask students. The Notes for Teachers that accompany this Connected booklet clarify some of the key statistical ideas.

Adapting the resource
After reading and discussing the story, complete an additional activity to check students' capability to critique data.

Provide some statements related to the data in the story (see table below). Ask students:

· Do the data provide sufficient information to support the statement?

· Why do you think that?

· What else might you need to know?

The table below provides:

· some examples of statements that could be given to students

· the sort of response you might be looking for

· an example of a justification that supports that response

· where applicable, the sort of question you would need to ask to find out the answer.

	Statement
	Response
	Possible justification
	What else do we need to know?

	Cats are most likely to die from being run over on the road. 
	Can’t tell 
	Although one child said her cats kept getting run over, there was no data collected about how the pets died. 
	How did the pets die? 

	Goldfish live for 12 years. 
	Some do and some don’t 
	The data showed that some lived for a shorter time, others longer. 12 years was the number in the middle of the range. 
	  

	More people own cockatiels than rats. 
	Can’t tell 
	There were more cockatiel deaths than rats, but there are also likely to be pets that are still living. 
	How many of each type of pet, both still living and dead, have been owned by class members? 

	Rabbits live longer than rats. 
	Can’t tell 
	For the class’s pets this statement is true, but this is not enough evidence to apply to rabbits in general.  
	We would need to ask many more people about their pets to get a bigger sample.

We would also have to find out about those animals living in the wild.

	Of the pets owned by the class, the median life expectancy for rabbits is 5 years. 
	Yes 
	Both the median life expectancy table and graph confirm this is true for this class. 
	  

	Cockatiels last the longest because they are the easiest to look after. 
	Can’t tell 
	No data was collected about how easy it is to look after cockatiels.  
	What does it take to look after all the types of pets? 

	More students in the class would prefer a pet cat than a pet rabbit. 
	Can’t tell 
	More cats died than rabbits. That could be because more people have cats, but we can’t be sure. No information was collected about what sorts of pets the class would most like to have. 
	What is each student’s preferred pet if they had a choice? 

	Rats don't make very good pets. 
	Can’t tell 
	Rats had the lowest median life expectancy, which means they might die more quickly. However, they could make very good pets during that time. 
	How does each animal score against criteria of what makes an animal a good pet? 

	Big dogs don't live as long as small dogs. 
	Can’t tell 
	No data was collected on the size of the dogs that died. 
	What sizes were the dogs that died? 


Students could also come up with their own statements that others critique in a similar way.

1. To explore the idea of effect of sample size, ask: 

· If another class did this exercise for their pets would the data collected be similar? Why or why not?

· To be able to say the evidence is true in general what would have to happen next? [Have a much bigger sample size.]

· What size sample do you think would be big enough?

2. To explore the idea of generalising from data (making an inference from a sample to apply to a population), ask: 

· Is there any pattern that you can see that might answer the question, "What sorts of pets might have a longer life span? [They might need prompting to think about classification, size, what they eat, etc.]

· Is there enough data to be able to say that birds live longer than mammals? Explain why you think that.

What’s important here?
In order to able to evaluate the trustworthiness of data, students need statistical knowledge to know what sorts of questions to ask.

Knowing something about interpreting data, and the limits of what you can infer from the data you have, supports students to become scientifically literate, i.e., to participate as critical, informed, and responsible citizens in a society in which science plays a significant role. (This is the purpose of science in NZC.)

What are we looking for?
Can students see patterns over a whole data set rather than just being able to read particular points?

Can they recognise the limits of the conclusions that can be drawn from a particular data set?

Can they recognise which questions can be answered by a data set and which can't? Do they understand the key statistical ideas that will help them see the strengths and limits of a particular data set?

Exploring further
As it stands this activity has little science content. To develop understandings about the Living World, this statistical inquiry could however be embedded in a “science unit” (see, for example, Animal Life Histories: Reproduction, Growth and Change, Building Science Concepts, Booklet 4).

There are three activities in Figure It Out: Statistics, Level 3-4 (2001) that could be extended to strengthen students’ capabilities to critique data:

· Fish Figures (page 8)

· Stretching Out (page 9)

· Bean Climbing (pages 10-11)

In Healthy Tomato plants (LW0652) (Assessment Resource Banks), students are asked to draw conclusions from data. The resource can also be retrieved from the maths bank (ST 8105 ).

Key words: Connected, pets
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Level : 2,3,4 



Making Better Sense of the Material World, pages 101-108  

This resource illustrates how some activities in Making Better Sense of the Material World can be adapted to provide opportunities for students to strengthen their capability to critique evidence in the context of science.

Curriculum Aims and AOs
The nature of Science strand
	Aims
	Achievement objectives relevant to this resource

	Investigating in science
Carry out science investigations using a variety of approaches: classifying and identifying, pattern seeking, exploring, investigating models, fair testing, making things, or developing systems.
	L1 & 2:

Extend their experiences and personal explanations of the natural world through exploration, play, asking questions, and discussing simple models.

L3 & 4:

Ask questions, find evidence, explore simple models, and carry out appropriate investigations to develop simple explanations.


Material World
	Aims
	Achievement objectives relevant to this resource

	Properties and changes of matter
Investigate the properties of materials.
	L1 & 2:

Observe, describe, and compare physical and chemical properties of common materials and changes that occur when materials are mixed, heated or cooled.

L3 & 4:

Group materials in different ways, based on the observations and measurements of the characteristic physical and chemical properties of a range of different materials.


Learning focus
Students critique each others’ experimental designs.

Learning activity
The Fibres and Fabrics chapter provides ideas for a number of activities and investigations where students investigate the properties of a range of textiles. These investigations could easily be extended, to provide opportunities for students to strengthen their capabilities to critique evidence, by encouraging them to think about the quality of the data they are collecting.

For example, in Investigation 1 on page 105 students devise an investigation to compare the strengths of different forms of cotton. The students are asked to, “Write a brief paragraph describing what you were trying to find out, what you did to find it out, what you found out, whether it was what you were expecting to find out, and anything else you learned from the activity. Present your results in the form of a chart or a diagram and discuss any trends you observed.”

Adapting the resource
Get the students to work in groups to design their investigations. Once they have, each group presents their design to another group (or to the class). The students have to justify their design. Encourage the other students to question the presenters, e.g.:

· How will you measure your observations?

· How will you make sure it is a fair test?

· How many times will you repeat the investigation?

· How will you make sure the “pulling power” is the same each time?

Students then have time to modify their designs before carrying out their investigations and presenting their findings (as described in the original activity).

When the students have presented their findings, lead a class discussion about which results they think they can trust the most.

· What are their reasons for trusting these results?

· What aspects of the investigation made the data seem more trustworthy?

· What other questions have they got now?

What’s important here?
In order to evaluate the trustworthiness of data, students need to know quite a lot about the qualities of scientific tests so they know what questions to ask. It is not enough just to know how to do a “fair test” – students need to know why protocols such as repeated trials, controlling variables, accurate measurements, etc., are important.

Developing an appreciation of how evidence in science is generated supports students to become scientifically literate, i.e., to participate as critical, informed, and responsible citizens in a society in which science plays a significant role. (This is the purpose of science in NZC.)

What are we looking for?
Can students justify the designs of their investigations?

Do they know what questions to ask when critiquing others’ designs?

Do they understand that how the data are gathered affects the trustworthiness of the data?

Exploring further
This adaptation could be used whenever students are designing investigations – regardless of the context. Science Fairs would provide a rich context.

Key words

Making Better Sense, fibres and fabrics
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Level : 2, 3, 4 
PW3662, Assessment Resource Banks 

This resource illustrates how an Assessment Resource Banks (ARBs) task can be adapted to provide opportunities for students to strengthen their capability to critique evidence in the context of science.

Curriculum Aims and AOs
The Nature of Science strand
	Aims
	Achievement objectives relevant to this resource

	Understanding about science
Learn about science as a knowledge system: the features of scientific knowledge; the processes by which it is developed, and the ways in which the work of scientists interacts with society.
	L1 & 2:

Appreciate that scientists ask questions about our world that lead to investigations and that open-mindedness is important because there may be more than one explanation.

L3 & 4:

Appreciate that science is a way of explaining the world and that science knowledge changes over time.

	Investigating in science
Carry out science investigations using a variety of approaches: classifying and identifying, pattern seeking, exploring, investigating models, fair testing, making things, or developing systems.
	L1 & 2:

Extend their experiences and personal explanations of the natural world through exploration, play, asking questions, and discussing simple models.

L3 & 4:

Ask questions, find evidence, explore simple models, and carry out appropriate investigations to develop simple explanations.


Physical World
	Aims
	Achievement objectives relevant to this resource

	Physical inquiry and physics concepts
Students will explore and investigate physical phenomena in everyday situations.
	L1 & 2:

Explore everyday examples of physical phenomena, such as movement, forces, electricity and magnetism, light, sound, waves, and heat.

L3 & 4:

Explore, describe, and represent patterns and trends for everyday examples of physical phenomena, such as movement, forces, electricity and magnetism, light, sound, waves, and heat. For example, identify and describe the effect of forces (contact and non-contact) on the motion of objects; identify and describe everyday examples of sources of energy, forms of energy, and energy transformations.


Learning focus 
Students ask questions to evaluate the trustworthiness of data.

Learning activity 
This ARBs item requires students to transfer data from a chart to a bar graph and answer the question, “Which magnet is the strongest?” In its current form this item assesses students’ ability to create a bar graph and read it to answer a question. It could be easily adapted to provide an opportunity for students to strengthen their capability to critique evidence.

Adapting the resource
Ask the students what questions they would want answered if they had to decide whether or not they could trust the data they have been given, and why these questions are important.  E.g.:

· How did Jay design her investigation? [This is important because we need to know something about how data is gathered to know whether we can trust it.]

· How many times did Jay test each magnet? [This is important because multiple trials give more reliable data.]

· Did she test each one in the same way? [It is important to control all the variables except the one being tested.]

· Were the paper clips all the same sort? [This is also about controlling variables.]

What’s important here?
In order to evaluate the trustworthiness of data students need to know quite a lot about the qualities of scientific tests so they know what questions to ask. It is not enough just to know how to do a “fair test” – students need to know why protocols such as repeated trials, controlling variables, accurate measurements etc are important.

Developing an appreciation of how evidence in science is generated supports students to become scientifically literate, i.e., to participate as critical, informed, and responsible citizens in a society in which science plays a significant role. (This is the purpose of science in NZC.)

What are we looking for?
Do students understand that how the data are gathered affects the trustworthiness of the data?

Do they know what questions to ask?

Are they developing a “sceptical disposition” towards evidence? (Do they question knowledge claims rather than simply accepting them as true?)

Exploring further
This adaptation could be used in any contexts where a knowledge claim is being made. Science fairs would provide a rich context.

Key words: Assessment Resource Banks, ARBs, magnets
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PW3546, Assessment Resource Banks 

This resource illustrates how an Assessment Resource Bank (ARBs) item could be refocused to provide an opportunity for students to strengthen their capability to critique evidence in the context of science.

Curriculum Aims and AOs
The Nature of Science strand

	Aims
	Achievement objectives relevant to this resource

	Investigating in science
Carry out science investigations using a variety of approaches: classifying and identifying, pattern seeking, exploring, investigating models, fair testing, making things, or developing systems.
	L3 & 4:

Ask questions, find evidence, explore simple models, and carry out appropriate investigations to develop simple explanations.


Physical World and Material World

	Aims
	Achievement objectives relevant to this resource

	Physical inquiry and physics concepts
Explore and investigate physical phenomena in everyday situations.

Properties and changes of matter
Investigate the properties of materials.
	L3 & 4:

Explore, describe, and represent patterns and trends for everyday examples of physical phenomena....

L3 & 4:

Group materials in different ways, based on the observations and measurements of the characteristic chemical and physical properties of a range of different materials.


Learning focus
Students explore the importance of having enough data to draw conclusions.

Learning activity
The original Assessment Resource Banks (ARBs) activity involves the students predicting, observing and explaining where a piece of wood floats in a container of water and oil.

Adapting the resource
1. After the students have carried out the existing activity ask: 

· Do you think you would get the same result if you repeated the activity with the same piece of wood? How sure are you? What could you do to be more certain of your answer?

· Would you get the same result if you repeated the activity with a different piece of wood? How sure are you? What could you do to be more certain of your answer?

· Brainstorm as many things as you can that might affect the results. [For example: size of the wood, type of wood, shape, the way it was placed in the container, how dry/ waterlogged it is, etc.]

2. Present the class with 3 possible results from the original ARBs activity (See answers/responses section in  Teacher Information for PW3546 ). Which statements are supported by the data? 

· Wood always floats on water and oil.

· Some wood floats on water and oil. [This is the only statement supported by the data.]

· Only small pieces of wood float.

· All wood eventually sinks.

What’s important here?
In order to evaluate the trustworthiness of data students need to know quite a lot about the qualities of scientific tests so they know what questions to ask. Scientists are cautious in the claims they make as it takes only one piece of disconfirming evidence to disprove a theory.

Developing an appreciation of how evidence in science is generated supports students to become scientifically literate, i.e., to participate as critical, informed, and responsible citizens in a society in which science plays a significant role. (This is the purpose of science in NZC.)

What are we looking for?
Do students realise one trial provides insufficient evidence to make a claim?

Do students realise the importance of evidence that disconfirms a statement?

Exploring further
This adaptation could be used whenever students are carrying out investigations – regardless of the context. Science Fairs would provide a rich context.

Key Words

Assessment Resource Banks, floating and sinking
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Nature of Science section of Science Online 
This resource illustrates how a teaching activity from the Nature of Science section of Science Online can be adapted to provide opportunities for students to strengthen their capability to critique evidence in the context of science.

Curriculum Aims and AOs
The Nature of Science strand
	Aims
	Achievement objectives relevant to this resource

	Investigating in science
Carry out science investigations using a variety of approaches: classifying and identifying, pattern seeking, exploring, investigating models, fair testing, making things, or developing systems.
	L1 & 2:

Extend their experiences and personal explanations of the natural world through exploration, play, asking questions, and discussing simple models.

L3 & 4:

Ask questions, find evidence, explore simple models, and carry out appropriate investigations to develop simple explanations.


NZC LINKS: Material World
	Aims
	Achievement objectives relevant to this resource

	Properties and changes of matter
Investigate the properties of materials.
	L1 & 2:

Observe, describe, and compare physical and chemical properties of common materials and changes that occur when materials are mixed, heated or cooled.

L3 & 4:

Group materials in different ways, based on the observations and measurements of the characteristic physical and chemical properties of a range of different materials.


Learning focus
Students ask questions to evaluate the trustworthiness of data.

Learning activity
The existing activity requires students to test a variety of different materials to see if they conduct electricity in order to determine which of the materials are metals.

Adapting the resource
After the students have explored the existing activity give them this scenario.

“Johnny set up the experiment and tested some paper clips. The light in the circuit did not go on so Johnny said this experiment proves that a paperclip is not made of metal.”

Ask the students to suggest what else they would want to know before they would trust his claim. For example:

· How many paper clips did he test?

· Were the paper clips all the same?

· Did he repeat the experiment several times?

· Did anyone else try the same experiment? What were their results?

· Is Johnny sure the bulb was working and the circuit was set up correctly? (Did the light work when other materials were tested?)

· Was Johnny impartial? (Was he being open-minded about his results or did he want a particular outcome?)

What’s important here?
In order to evaluate the trustworthiness of data students need to know quite a lot about the qualities of scientific tests so they know what questions to ask. It is not enough just to know how to do a “fair test” – students need to know why protocols such as repeated trials, controlling variables, accurate measurements etc are important.

Developing an appreciation of how evidence in science is generated supports students to become scientifically literate, i.e., to participate as critical, informed, and responsible citizens in a society in which science plays a significant role. (This is the purpose of science in NZC ).

What are we looking for?
Do students understand that how the data are gathered affects the trustworthiness of the data?

Do they know what questions to ask?

Are they developing a “sceptical disposition” towards evidence? (Do they question knowledge claims rather than simply accepting them as true?)

Exploring further
This adaptation could be used whenever students are presenting results from investigations – regardless of the context. Science Fairs would provide a rich context.

Key Words: Science Online, metals
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Figure It Out: Sustainability, Level 2-3, 2010, pages 6-8 

This resource illustrates how some activities in Figure It Out: Sustainability can be adapted to provide opportunities for students to strengthen their capability to critique evidence in the context of science.

Curriculum Aims and AOs
The Nature of Science strand
	Aims
	Achievement objectives relevant to this resource

	Investigating in science
Carry out science investigations using a variety of approaches: classifying and identifying, pattern seeking, exploring, investigating models, fair testing, making things, or developing systems.
	L1 & 2:

Extend their experiences and personal explanations of the natural world through exploration, play, asking questions, and discussing simple models.

L3 & 4:

Ask questions, find evidence, explore simple models, and carry out appropriate investigations to develop simple explanations.


Material World
	Aims
	Achievement objectives relevant to this resource

	Chemistry and society
Make connections between the concepts of chemistry and their applications and show an understanding of the role chemistry plays in the world around them.
	L1 & 2:

Find out about the uses of common materials and relate these to their observed properties.

L3 & 4:

Relate the observed, characteristic chemical and physical properties of a range of different materials to technological uses and natural processes.


Learning Focus
In order to evaluate the trustworthiness of data students need to know quite a lot about the qualities of scientific tests so they know what questions to ask. Developing an appreciation of how evidence in science is generated supports students to become scientifically literate, i.e., to participate as critical, informed, and responsible citizens in a society in which science plays a significant role. (This is the purpose of science in NZC.) Students recognise the importance of being explicit about how data are gathered.

Learning activity
In Types of Rubbish, data are presented in a variety of ways. On page 6 there is a table showing Room 4’s rubbish. In the existing activity students discuss the data that are provided for both the mass and volume of 5 categories of rubbish.

Adapting the resource
1. Discuss with your class what questions they would want to ask Room 4 if they wanted to do a similar investigation and be able to compare their results with Room 4’s. For example: 

· How many students are in Room 4? Was most of the class present that day? [The number of students is likely to affect the amount of rubbish generated.]

· What age are students in Room 4? [It’s possible different aged students might produce different amounts or types of rubbish.]

· Was the paper flat or screwed up? [This would affect the volume it took up.]

· When in the week/term was the investigation done? [At the end of the term when students are clearing up there might be more paper.]

· Was there any special event happening that would affect the amount of organic waste? [For example: a shared lunch.]

· What time of day did Room 4 do their investigation?

· How did you decide which plastic was recyclable?

2. Draw up a plan and use it to collect comparable data across different classes in your school.

What are we looking for?
Do they understand that how the data are gathered affects the trustworthiness of the data?

Do they understand that if you want to compare data sets you need to ensure the data were collected in the same way?

Exploring further
The science content is limited in this resource. However, this activity could be embedded in a unit of work about, for example, sustainability. To develop understandings about the Material World teachers would need to develop opportunities for content learning as well.

Key words:  Figure It Out, sustainability, rubbish
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Figure It Out: Forces, Level 2-3, 2010, pages 19-21 

This resource illustrates how some activities in Figure it out: Forces can be adapted to provide opportunities for students to strengthen their capability to critique evidence in the context of science.

Curriculum Aims and AOs
The Nature of Science strand
	Aims
	Achievement objectives relevant to this resource

	Investigating in science
Carry out science investigations using a variety of approaches: classifying and identifying, pattern seeking, exploring, investigating models, fair testing, making things, or developing systems.
	L3 & 4:

Ask questions, find evidence, explore simple models, and carry out appropriate investigations to develop simple explanations.


Physical World
	Aims
	Achievement objectives relevant to this resource

	Physical inquiry and physics concepts
Explore and investigate physical phenomena in everyday situations.
	L3 & 4:

Explore, describe, and represent patterns and trends for everyday examples of physical phenomena...


Learning focus
Students explore the role of multiple trials in producing reliable data.

Learning Activity
In Zoom, Zoom! students investigate the motion of toy cars travelling down ramps. The existing activities require students to fill in charts showing the distance travelled for three separate trials and the average distance. The Teachers Notes’ suggest discussing why averages are useful when analysing data. This adaptation delves more deeply into that idea.

Adapting the resource
Before the students begin to record their data in the charts, ask:

· Why do you have to do more than 1 trial with each car? [To minimise the risk of a “bad” result.] Brainstorm all the possible things that could produce a “bad” result. [The car might flip over, it might hit the edge of the ramp, the weight might fall off, the amount of push given to one car might not be the same as the push given to the other cars, the measuring could be wrong etc]

· How many times would you want to repeat a trial to be sure you could trust the result? [Answers will vary – generally more trials will produce more reliable results. Look for how students justify their answers.] Is there a point where increasing the number of trials does not affect the average?

· When might it really matter to get an accurate result? [Answers will vary but look for an understanding that in some research, e.g., where human life might be put at risk, it is important that we get reliable results.]

· Averaging the distances travelled over three trials is one way of trying to get a reliable measurement. How else might we do this? [Example: Doing more trials and finding out what the median is.]

What’s important here?
In order to evaluate the trustworthiness of data students need to know quite a lot about the qualities of scientific tests so they know what questions to ask. They also need a reasonable level of statistical literacy. It is not enough just to know how to do a “fair test” – students need to know why protocols such as repeated trials, controlling variables, accurate measurements, etc., are important.

Developing an appreciation of how evidence in science is generated supports students to become scientifically literate, i.e., to participate as critical, informed, and responsible citizens in a society in which science plays a significant role. (This is the purpose of science in NZC.)

What are we looking for?
Can students give reasons for multiple trials when investigating?

Do they understand that how the data are gathered affects the trustworthiness of the data?

Exploring further
This adaptation could be used whenever students are carrying out investigations – regardless of the context. Science Fairs would provide a rich context.

Key Words: Figure It Out, forces
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Monarch Butterfly New Zealand Trust 
This resource illustrates how a discussion based on information given on the Monarch Butterfly New Zealand Trust website can provide opportunities for students to strengthen their capability to critique evidence in the context of science.

Curriculum Aims and AOs
The Nature of Science strand
	Aims
	Achievement objectives relevant to this resource

	Investigating in science
Carry out science investigations using a variety of approaches: classifying and identifying, pattern seeking, exploring, investigating models, fair testing, making things, or developing systems.
	L1 & 2:

Extend their experiences and personal explanations of the natural world through exploration, play, asking questions and discussing simple models.

L3 & 4:

Ask questions, find evidence, explore simple models, and carry out appropriate investigations to develop simple explanations.


Living World
	Aims
	Achievement objectives relevant to this resource

	Ecology
Understand how living things interact with each other and with the non-living environment.
	L1 & 2:

Recognise that living things are suited to their particular habitat.

L3 & 4:

Explain how living things are suited to their particular habitat and how they respond to environmental changes, both natural and human-induced.


Learning focus
Students discuss how scientists support “citizen scientists” to gather robust data.

Learning activity
On its website, the Monarch Butterfly New Zealand Trust gives instructions for people wanting to participate in research involving “butterfly transects”.

Adapting the resource
After the students have read the information on the website about butterfly transects, hold a class discussion that focuses on the likely quality of data collected.

First check that students have understood what butterfly transects are and what information can be gained from them. [Butterfly transects involve people regularly walking set routes and noting the butterflies they see. Data provided in this way over time provides information about changes in butterfly populations.]

Ask students:

· How reliable do you think data collected in this way is likely to be? [People might incorrectly identify butterflies, they might not accurately record what they see, they might get distracted and not notice many butterflies, they might not always go out at the same time or walk the same route, etc. However if a large number of people participate there will be a lot of data and this will make it more reliable.]

· What does the Trust do to try and make sure it gets “good” data? [It provides clear protocols to follow, e.g., it tells walkers to imagine a particular sized box around them when they walk and to only count butterflies in that area. Transects are only carried out on clear days in certain months.]

· If you were going to participate in the butterfly transects what would you do to ensure the data you provide are as good as they can be? [Learn to identify common butterflies correctly, get a good butterfly identification chart, know what species you are likely to see, record accurately and methodically, etc.]

What’s important here?
Citizen science projects are becoming more common as the Internet enables rapid communication, easy gathering of data and automated storage of the data for subsequent analysis by scientists. With the help of many volunteers, scientists can gather data to answer questions that they would not previously have been able to address. However, citizen science projects rely on careful adherence to the research protocols by everyone who takes part: this activity could help build a sense of why that is important, as well as alerting students to the possibility of taking part in such projects.  Developing an appreciation of how evidence in science is generated supports students to become scientifically literate, i.e., to participate as critical, informed, and responsible citizens in a society in which science plays a significant role. (This is the purpose of science in NZC.)

What are we looking for?
Do you students realise that quality research is dependent on carefully collected data?

Do students recognise that large data sets are likely to be more reliable than small sets?

Exploring further
Other contexts for Citizen Science projects:
The Marine Metre Squared project  is a citizen science initiative that provides the basis for another capability 3 resource (See Marine Metre Squared).

The Garden Bird Survey , carried out annually by Landcare Research, has quite detailed counting protocols. See the resource The Garden Bird Survey: Participants’ Stories for capability 4: Making sense of representations about science ideas.

Bioblitz  is another annual Landcare project where students, members of the public and specialist scientists use certain protocols to collect and count the biodiversity of a particular urban area.

The Citizen Science New Zealand  Tui Project  asks citizen scientists to collect data on tui behaviour over the summer. The data collection involves quite specific attention to the environment. 

Key words:  Web resource, butterflies, citizen science
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Marine Metre Squared 
This resource illustrates how support materials developed for a “citizen science” project can be used to provide opportunities for students to strengthen their capability to critique evidence in the context of science.

Curriculum Aims and AOs
The Nature of Science strand
	Aim
	Achievement objectives relevant to this resource

	Investigating in science
Carry out science investigations using a variety of approaches: classifying and identifying, pattern seeking, exploring, investigating models, fair testing, making things, or developing systems.
	L3 & L4:

Ask questions, find evidence, explore simple models, and carry out appropriate investigations to develop simple explanations.

L5:

Begin to evaluate the suitability of the investigative methods chosen.


Living World
	Aim
	Achievement objectives relevant to this resource

	Ecology
Understand how living things interact with each other and with the non-living environment.
	L3 & L4:

Explain how living things are suited to their particular habitat and how they respond to environmental changes, both natural and human-induced.

L5:

Investigate the interdependence of living things (including humans) in an ecosystem.


Learning focus 
Students critique data-gathering protocols and develop an appreciation of why such protocols are needed.

Learning activity
The Marine Metre Squared project is a “citizen science” initiative where volunteers gather data for scientists to analyse. In this project volunteers develop a meter-square observation site on a beach and monitor the diversity of living things found there on an ongoing basis.  

Everyone who takes part needs to follow the evidence-gathering protocols developed by the scientists. These protocols provide an accessible opportunity for students to develop their capabilities in critiquing evidence-gathering methodologies.

Adapting the resource
After introducing the nature and purpose of the initiative have students focus on the protocols.

In groups, discuss these instructions and identify all the ways in which the scientists have tried to ensure that results from different people can be fairly compared. Questions students could discuss include:

· Why is it important that everyone who takes part tries to follow the instructions as best they can?

· When and how might “unfair” counts happen?

· Why might the scientists not be especially concerned about small unintended errors or bias in the samples? [They rely on the very large sample to smooth out small errors in counts.]

· What consequences might there be if too many people were careless or did not try their best to follow the protocols? [To answer this question fully, students might first want to find out what the data are used for.]

If students adopt a metre square for themselves, and carry out and enter the first count on the website created for the project, they could hold a retrospective discussion about how easy or hard they found it to follow the protocols, and how it felt to try to keep to them.

Possible extension: Students could research other citizen science projects to find out how they ensure the data they gather is robust. (See Exploring Further for other citizen science contexts.)

What’s important here?
Citizen science projects are becoming more common as the Internet enables rapid communication, easy gathering of data and automated storage of the data for subsequent analysis by scientists. With the help of many volunteers, scientists can gather data to answer questions that they would not previously have been able to address. However citizen science projects rely on careful adherence to the research protocols by everyone who takes part: this activity could help build a sense of why that is important, as well as alerting students to the possibility of taking part in such projects.  

Developing an appreciation of how evidence in science is generated supports students to become scientifically literate, i.e., to participate as critical, informed, and responsible citizens in a society in which science plays a significant role. (This is the purpose of science in NZC.)

What are we looking for?
· Can students identify and describe simple research protocols?

· Can they explain why these types of protocols are an important aspect of the design of citizen science projects?

· Do students show awareness that sticking to protocols requires self-discipline, including honesty and carefulness?

· (Combining all three, students might, for example be able to: talk or write about the important role protocols play in research; discuss their own feelings about having to follow protocols; recognise issues related to use of protocols in other contexts, etc.) 

Exploring further
Other contexts for Citizen Science projects:
The Science Learning Hub has a page about  Citizen scientists , linked to a project to monitor Monarch Butterflies in New Zealand. This project is the basis for another capability 3 resource called Butterfly transects.

The Garden Bird Survey , carried out annually by Landcare Research, has quite detailed counting protocols. See the resource The Garden Bird Survey: Participants’ Stories for capability 4: Making sense of representations about science ideas.

Bioblitz  is another annual Landcare project where students, members of the public and specialist scientists use certain protocols to collect and count the biodiversity of a particular urban area.

The Citizen Science New Zealand  Tui Project  asks citizen scientists to collect data on tui behaviour over the summer. The data collection involves quite specific attention to the environment. 

Key words:  Ecology, rocky shore, citizen science
Interpret representations

Scientists represent their ideas in a variety of ways, including models graphs, charts, diagrams and written texts. A model is a representation of an idea, an object, a process or a system. It could be something concrete; for example, a model heart in a doctor’s surgery, or simply an idea expressed as a metaphor; for example, “the heart is like a pump”. Models are often used when the idea/ object/ process/ system scientists want to talk or think about is not directly observable. Models enable scientists to develop and work on science ideas but are often limited representations of the ‘thing’ itself. Using models when teaching science does have possible challenges .

Reading and writing and argument are “central to any conception of science as it is currently constituted.” Osborne, 2002. Understanding and using the literacy practices of science supports students to think in new ways. For example, language used in science usually focuses on things and processes (the empirical nature of science) rather than on people’s feelings and opinions. In a similar way the use of the passive voice focuses attention on the action, rather than on who did it. 

When scientists write about their research for other academics, they include enough detail of what they have done for others to be able to thoroughly critique their work. Public critique is essential for finding flaws in arguments which is in turn is central to the dynamic self correcting nature of science. It is important that students think about how data is presented and ask questions such as:

· What does this representation tell us?

· What is left out?

· How does this representation get the message across?

· Why is it presented in this particular way?

Being familiar with the literacy practices of science  supports citizens to think in new ways and provides a foundation to critically interact with articles about science in the media.

What opportunities to develop this capability look like at different curriculum levels  
	Level 3 & 4
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Author: K.E. Anderson.  Connected 1, 1999, pages 2-5 
This resource illustrates how a Connected article can provide opportunities for students to strengthen their capability to make sense of representations in the context of science.

Curriculum Aims and AOs
NZC LINKS: The Nature of Science strand
	Aim
	Achievement objectives relevant to this resource

	Communicating in science
Develop knowledge of the vocabulary, numeric and symbol systems, and conventions of science and use this knowledge to communicate about their own and other’s ideas.
	L1 & 2:

Build their language and develop their understandings of the many ways the natural world can be represented.

 


NZC LINKS: Living World
	Aim
	Achievement objectives relevant to this resource

	Life Processes
Understand the processes of life and appreciate the diversity of living things.
	L1 & 2:

Recognise that all living things have certain requirements so that they can stay alive.


Learning focus
Students discuss how different photographs emphasise different things.

Learning activity
This article contains several photographs showing how different plants disperse their seeds.

Adapting the resource
This article could be used to strengthen students’ understandings of the many ways the natural world can be represented. On page 4 there are photographs of peaches and on page 5 a photograph of apples. Encourage the students to look really carefully at the photos of the peaches and compare these with the photograph of the apples.

	What is the same?
	What is different?

	Both have seeds in the middle of the fruit. 
	Peaches have one big seed and apples have more than one little seeds. 

	Both sorts of seeds have pointed ends. 
	Peach seeds are big and rough.

Apple seeds are small and smooth.

	Both fruit are shaped like balls. 
	The peach’s skin looks furry and the apples’ skin looks shiny. 

	Both fruit have got reddish skins. 
	The peach is yellow inside. The apple is white. 


Encourage students to use clear objective language, e.g., “The peach is round and yellow”, rather than “It looks yummy”.

From the photographs, what can we find out about peaches that we can’t find out about apples? [The photographs show us what peach leaves look like and that peaches grow on branches.]

Pages 2 & 3 also provide opportunities for developing understanding of how photographs can be selected to show particular things. The close up photographs of sycamore seeds on page 2 show a lot of detail about the seeds but do not tell anything about what sort of plant a sycamore is. The text on page 3 is supported by a photograph of dandelion seeds. There is also a photograph on that page of a dandelion flower. Draw students attention to the flower and ask why they think the photograph is there. [The photograph shows the flowering part of the dandelion plant.]

What’s important here?
Scientists represent their ideas in a variety of ways, including models, graphs, charts, diagrams, photographs and written texts. It is important for students to think about what a particular representation tells us and what is left out. This sort of questioning provides a foundation to critically interact with ideas about science in the media and to participate as critical, informed, and responsible citizens in a society in which science plays a significant role. (This is the purpose of science in NZC.)

What are we looking for?
· Can students compare and contrast different photographs?

· Can students use clear descriptive language?

· Can students suggest the author's purpose for selecting particular photographs?

Exploring further
Any book containing a range of illustrations could be used to support this capability.

Key words   Connected, seeds
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Building Science Concepts, Booklet 10. 

This resource illustrates how a Building Science Concepts activity can provide opportunities for students to strengthen their capability to make sense of representations in the context of science.

Curriculum Aims and AOs
NZC LINKS: The Nature of Science strand
	Aim
	Achievement objectives relevant to this resource

	Communicating in science
Develop knowledge of the vocabulary, numeric and symbol systems, and conventions of science and use this knowledge to communicate about their own and other’s ideas.
	L1 & 2:

Build their language and develop their understandings of the many ways the natural world can be represented.


NZC LINKS: Physical World
	Aim
	Achievement objectives relevant to this resource

	Physical enquiry:
Explore and investigate physical phenomena.
	L1 & 2:

Seek and describe simple patterns in physical phenomena.


Learning focus 
Students communicate their developing science understandings through pictures and speech.

Learning activity
Section 4 of this booklet includes a summative assessment activity (Activity 3, page 22) that requires students to draw an explanatory picture to show how we can see a tree in the daytime.

Adapting the resource
Once the students have drawn their pictures get them to share them with the class (or in small groups) and explain what the pictures show. In the original activity the focus of this assessment activity is on content knowledge (e.g., do the students recognise that the sun is the source of light, do they realise light travels in straight lines?)

To highlight the capability of making sense of representations, focus on how students communicate their ideas. Consider both the pictures they draw and their explanations of what their pictures show.

What’s important here?
In science, illustrations are often used to communicate ideas. Understanding and using the literacy practices of science supports students to think in new ways and supports students to become scientifically literate, i.e., to participate as critical, informed, and responsible citizens in a society in which science plays a significant role. (This is the purpose of science in NZC.)

What are we looking for?
Do their pictures attempt to represent ideas as well as things? (For example, do they use lines or arrows to show light travelling rather than just drawing a person and a tree?)

Are they beginning to use labels in their pictures?

When students talk about their pictures do they use words that show that one idea:

· causes another (e.g., because, so that)

· depends on another (e.g., if, unless)

· acknowledges another(e.g., even if, even though)?

Exploring further
Several of the Building Science Concepts booklets at L1 & 2 ask students to draw pictures to communicate their ideas. In Making Porridge: Conducting Heat and Cooking Food (Booklet 14, Section 3, Activity 2, page 14)students draw simple flow charts showing how heat travels. In Where’s the Water? Water’s Forms and Changes in Form (Booklet 15, Section 2, Activity 2, pages 11-12) students draw pictures to explain what happens to water when it evaporates.

Several resources in the Assessment Resource Banks also require students to draw pictures to communicate their ideas about the Material World, e.g., Dissolving sugar (MW5359) , Amazing water (MW6326) , and The disappearing puddle (MW5360) .

For all these activities, focus attention on how students are representing their ideas.

Key words
Building Science Concepts, light
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Level : 1, 2 

Building Science Concepts, Book 51 

This resource illustrates how a Building Science Concepts activity can provide opportunities for students to strengthen their capability to make sense of representations in the context of science.

Curriculum Aims and AOs
NZC LINKS: The Nature of Science strand
	Aim
	Achievement objectives relevant to this resource

	Communicating in science
Develop knowledge of the vocabulary, numeric and symbol systems, and conventions of science and use this knowledge to communicate about their own and other’s ideas.
	L1 & 2:

Build their language and develop their understandings of the many ways the natural world can be represented.


NZC LINKS: Living World, Material World, Physical World
	Aim
	Achievement objectives relevant to this resource

	Ecology:
Understand the interactions of living things with each other and with the non-living environment.

Properties of materials:
Explore and develop ideas about the properties of materials, how these relate to their uses, and issues arising from their use.

Physical enquiry:
Explore and investigate physical phenomena.
	L1 & 2:

Recognise that living things are suited to their particular habitat.

 

L1 & 2:

Find out about the uses of common materials and relate these to their observed properties.

 

L1 & 2:

Seek and describe simple patterns in physical phenomena.


Learning focus
Students make careful objective descriptions.

Learning activity
Section 1 of this booklet (page 8) consists of an activity designed to establish the children’s prior understanding of skeletons and other support systems. Children are provided with a set of pictures showing different structures and asked to share their ideas on what they think helps each item in the pictures to stay upright.

Adapting the resource
This activity could easily be refocused to foreground students’ ability to carefully and objectively describe the items in the pictures. Provide each student with a picture. In pairs, the students describe their items as carefully as they can so that their partner can tell what it is without seeing the picture.

Focus on the following:

· What sort of adjectives do the students use - do they mention colour, texture, size, etc.?

· How precise is the language that is used (e.g., “It’s dark green” not “It’s a pretty colour”)?

· Do they pay attention to all relevant features?

· Do they describe what they see in their picture or are they drawing on background knowledge?

· Do they use similes or metaphor to support their descriptions?

· Would the listener be able to identify this particular picture if shown with other similar ones?

What’s important here?
Scientists write about their observations and research with enough detail for others to be able to critique what they have done. Descriptions in science tend to be factual and objective. Students need practice to be able to describe things in this particular way.

Understanding and using the literacy practices of science supports students to think in new ways and supports students to become scientifically literate, i.e., to participate as critical, informed, and responsible citizens in a society in which science plays a significant role. (This is the purpose of science in NZC.)

What are we looking for?
· Do students use clear descriptive language?

· Do they realise the importance of making careful descriptions?

Exploring further
This activity could be done in any context. All that is required is a set of pictures or objects for students to describe.

Key words:  Building Science Concepts, skeletons, structures
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Level : 3, 4 

Author: Jeffy James.  Connected 2, 2002, pages 2-5 

The Water Cycle. Author: William Rea.  Connected 2, 2002, pages 6-9 

This resource illustrates how a Connected journal can provide opportunities for students to strengthen their capability to make sense of representations in the context of science.

Curriculum Aims and AOs
NZC LINKS: The Nature of Science strand
	Aim
	Achievement objectives relevant to this resource

	Communicating in science
Develop knowledge of the vocabulary, numeric and symbol systems, and conventions of science and use this knowledge to communicate about their own and other’s ideas.
	L3 & 4:

Begin to use a range of scientific symbols, conventions and vocabulary.

Engage with a range of scientific texts and begin to question the purposes for which these texts are constructed.


NZC LINKS: Planet Earth and Beyond, Material World
	Aim
	Achievement objectives relevant to this resource

	Interacting systems
Investigate and understand that the geosphere, hydrosphere, atmosphere, and biosphere are connected via a complex web of processes.
	L3 & 4:

Investigate the water cycle and its effect on climate, landforms, and life.


Learning focus
L3 & 4 students compare scientific and narrative writing styles.

Learning activity
This Connected journal contains a story and an article about water. While both are written to inform, An Interview with a Glass of Water is a personal account from the point of view of the water, and The Water Cycle is an example of a classic science text.

Adapting the resource
Reading both the story and the article provides an opportunity for introducing the idea that there is a “science way of writing” and this has some particular features that make it different from other writing styles. At this level you will need to be careful not to overload students with too much detail about the structure of scientific writing. It is likely to be more useful to focus on general impressions rather than trying to cover all features.

After reading the two articles, ask students:

· What did you notice about the two different writing styles?

· What do you think the purpose of each piece of writing is?

· Which article focuses mainly on things and events, and which includes feelings and characters?

· What does the article The Water Cycle tell us is valued in science?/ How does science writing show that science is about things and processes rather than about people and their feelings?

Follow up students' responses with more in depth discussion about any features of scientific writing that they have noticed or are particularly interested in. (A good source of information,  Language of science , can be found in the Assessment Resource Banks support material.)

What’s important here?
Scientists represent their ideas in a variety of ways, including models, graphs, charts, diagrams and written texts. The ways of thinking that are valued in science are embodied in the literacy practices of science, e.g., focusing on things and processes.

Understanding and using the literacy practices of science supports students to think in new ways and supports students to become scientifically literate, i.e., to participate as critical, informed, and responsible citizens in a society in which science plays a significant role. (This is the purpose of science in NZC.)

What are we looking for?
· Can students identify scientific writing?

· Can they recognise some elements of scientific writing?

· Can they suggest the author's purpose?

Exploring further
There are two Assessment Resource Banks English resources that focus on the language of science:  Variable Oystercatchers (WL2654)  and  Moa (WL2653) . Both these resources have extensive Teachers’ Notes about the features of science writing.

Key words:  Connected, water
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Level : 3, 4 



Author: Rupert Alchin. Connected 3, 2002, pages 6-11. 

This resource illustrates how a Connected journal can provide opportunities for students to strengthen their capability to make sense of representations in the context of science.

Curriculum Aims and AOs
NZC LINKS: The Nature of Science strand
	Aim
	Achievement objectives relevant to this resource

	Communicating in science
Develop knowledge of the vocabulary, numeric and symbol systems, and conventions of science and use this knowledge to communicate about their own and other’s ideas.
	L3 & 4:

Engage with a range of science texts and begin to question the purposes for which these texts are constructed.


NZC LINKS: Living World
	Aim
	Achievement objectives relevant to this resource

	Life processes
Understand the processes of life and appreciate the diversity of living things.
	L3 & 4:

Recognise that there are life processes common to all living things and that these occur indifferent ways.


Learning focus
Students explore how different illustrations serve different purposes.

Learning activity
This article contains photographs and diagrams of ferns.

Adapting the resource
This article could be used to strengthen students’ understandings of how different representations serve different purposes, by structuring a discussion around the illustrations.

1. Look carefully at the two photographs on page 8. 

· What idea in the text do these photographs illustrate? [Ferns live in many different habitats.]

2. Look at the 2 diagrams on page 9. 

· What do the diagrams show that the photographs don’t? [The diagram on the left shows how the roots and the leaves both grow out of the rhizome. The diagram on the right is a cross section showing the structure of the inside of the rhizome.]

· Why do you think the author labelled the diagrams but not the photographs? [To draw attention to specific parts.]

3. Look at the close up photograph of the underside of a fern leaf on page 11. 

· Why did the author choose to include this photograph? [To show the spores.]

What’s important here?
Scientists represent their ideas in a variety of ways, including models, graphs, photographs, charts, diagrams and written texts. It is important for students to think about what a particular representation tells us and what is left out. This sort of questioning provides a foundation to critically interact with ideas about science in the media and to participate as critical, informed, and responsible citizens in a society in which science plays a significant role. (This is the purpose of science in NZC.)

What are we looking for?
Can students compare and contrast different illustrations?

Can students suggest the author's purpose for selecting particular illustrations?

Exploring further
This activity could be done in any context. All that is required are articles containing a range of different types of illustrations.

Key words:  Connected, plants
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L : 3, 4 



Author: Anna Martin. Watching the weather. Connected, Level 3, 2012, pages 21-23 

This resource illustrates how a Connected article can be used to provide opportunities for students to strengthen their capability to make sense of representations in the context of science.

Curriculum Aims and AOs
The Nature of Science strand
	Aim
	Achievement objectives relevant to this resource

	Communicating in science
Develop knowledge of the vocabulary, numeric and symbol systems, and conventions of science and use this knowledge to communicate about their own and other’s ideas.
	L3 & 4:

Engage with a range of science texts and begin to question the purposes for which these texts are constructed.


Planet Earth and Beyond
	Aim
	Achievement objectives relevant to this resource

	Interacting systems
Investigate and understand that the geosphere, hydrosphere, atmosphere, and biosphere are connected via a complex web of processes.
	L3 & 4:

Investigate the water cycle and its effects on climate, landforms and life.


Learning focus
Students explore what different representations show and why that particular representation was used.

Learning activity
This article is about rain patterns in Wellington, and promotes the idea that we need data over a period of time before we can start claiming trends in the rainfall patterns.  The article itself gives plenty of pointers for the sorts of questions to ask students.

Adapting the resource
This activity could be carried out before reading the article to focus on the ideas that:

· a data set tells a story, and that it is important to understand what that story is

·  the writer chooses the best way to show the data to tell their story.

You will need:

Cards of the table and three graphs without titles if working in groups, or display blown up versions if working with the whole class.

Cards with the four titles.

1. Ask students to put in order of the least amount of time the table and graphs cover to the most. 

· How do you know?

· What don't we know?

2. Give out cards with the titles and ask students to match to the right graph. 

· How did you decide which title goes with which table or graph?

· What extra information do the titles give?

3. Look at the two bar graphs. 

· What story is each telling?

· What can you see easily? [The pattern.]

· What can’t you tell from the graphs? [Examples: how much of the day it rained, if it was cold, if it was rainier than the week before, what the next week's rain might be, if the middle of September every year has about the same rainfall, what the weather was like in other places.]

· Why do you think the writer chose to use a bar graph here?

4. Look at the table. 

· What story is it telling?

· What can you see easily? [Lots of detail.]

· What can’t you easily see? [The pattern.]

· Why do you think the writer chose to use a table here?

5. Look at the line graph. 

· What story is it telling?

· What can you see easily? [Comparison between the years.]

· What can’t you easily see? [Rainfall for individual days and months, i.e., the detail.]

· Why do you think the writer chose to use a line graph here?

Read and discuss the article to confirm students' ideas.  

What’s important here?
Scientists represent their ideas in a variety of ways, including using graphs and tables. Graphs are useful for illustrating patterns, while tables are useful for organising data. Like any other visual representation, it is important to understand the context of the data shown in tables and graphs otherwise conclusions drawn can be misleading.

Being familiar with the literacy practices of science supports citizens to think in new ways and provides a foundation to critically interact with articles about science in the media and to participate as critical, informed, and responsible citizens in a society in which science plays a significant role. (This is the purpose of science in NZC.)

What are we looking for?
· Can students recognise the purpose for which a table or graph is used?

· Can they identify what the table or graph highlights and what it doesn’t show clearly, or leaves out?

· Can they recognise the limits of the conclusions that can be drawn from a particular graph or table?  Can they recognise which questions can be answered and which can't?

Exploring further
Bat Maths (Connected 1, 2002, p 24-25) follows another article, The Bat Detective. To illustrate the importance of context, give the bar graph on p25 to students to try & make sense of before reading the articles. Ask: What's missing? What else do we need to know?  Revisit the graph after reading the articles, & discuss how the background information helped position the data.

In Figure It Out: Statistics, Level 3-4 (2001) there is an activity called Bean Climbing. The questions that go with the graph on page 10 help students look at the patterns of the data.

Graphs published in newspapers, etc., are often good for conversations about the patterns shown, and what the graph does and does not show.

A teacher resource can be found in the support material of the Assessment Resource Banks:  Tables and graphs 

Key words:  Connected, rain, graphs
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Level : 4, 5 

Author: Sarah Wilcox. Oceans: A Source of Life, Connected, Level 4, 2012, pages 7-13 

This resource illustrates how a diagram in a Connected article can provide opportunities for students to strengthen their capability to make sense of representations in the context of science.

Curriculum Aims and AOs
NZC LINKS: The Nature of Science strand
	Aim
	Achievement objectives relevant to this resource

	Communicating in science
Develop knowledge of the vocabulary, numeric and symbol systems, and conventions of science and use this knowledge to communicate about their own and other’s ideas.
	L4:

Begin to use a range of scientific symbols, conventions, and vocabulary.

Engage with a range of science texts and begin to question the purposes for which these texts are constructed.

L5:

Use a wider range of science vocabulary, symbols, and conventions.

Apply their understandings of science to evaluate both popular and scientific texts (including visual and numerical literacy).


NZC LINKS: Living World, Planet Earth and Beyond
	Aim
	Achievement objectives relevant to this resource

	Ecology
Understand how living things interact with each other and with the non-living environment.
	L4:

Explain how living things are suited to their particular habitat and how they respond to environmental changes, both natural and human-induced.

L5:

Investigate the interdependence of living things (including humans) in an ecosystem.

	Interacting systems
Investigate and understand that the geosphere, hydrosphere, atmosphere and biosphere are connected via a complex web of processes.
	The context of the carbon cycle diagram is beyond what the curriculum expects at Levels 4 and 5, but unpacking the diagram supports students to begin developing some conceptual understanding of this concept. 


Learning focus
Students investigate features of scientific diagrams.

Learning activity
Catch My Drift explores the importance in an ecosystem of plants, including microscopic phytoplankton. The final section of the article is about phytoplankton and the carbon cycle.

The article includes a diagram of the carbon cycle (pages 12-13) that models the science idea that carbon atoms move from place to place but are never destroyed, and the linked set of processes that transform carbon from one set of compounds to other types. These underlying science ideas will be challenging for many Level 4 and Level 5 students.

Adapting the resource
1. Read and discuss the article. This is an important step because the text provides a lot of background information that supports the diagram. Students will need to refer to this to make sense of the diagram.

2. Draw attention to the information in the box at the bottom of page 12 that explains what the two main elements of the diagram represent. Ask:

	Question
	Indicative answer
	Why is it important to know this?

	What is meant by "carbon stores"? 
	Places where carbon is found, usually combined with other elements to form different substances (e.g., coal, carbon dioxide). 
	"Carbon stores" is typical of highly condensed scientific language. Concepts, processes and relationships can all be captured in very brief phrases like this.

Science knowledge is an important resource for interpreting scientific representations.

	What is meant by "processes"? 
	The means by which the carbon gets moved from one place to another and/or by which it changes from one substance to another. 
	See above. 


1. Direct students’ attention to the diagram and ask: 

· Is there anywhere on earth that carbon can’t be found? How do you know? [The diagram shows carbon stores in all of earth’s spheres: in the atmosphere; in rocks and soil; in the sea; in living things.]

2. If students are looking closely and literally they may argue that fresh water is not depicted – in that case, challenge them to find places where the diagram infers that non-marine parts of the water cycle are also involved in carbon cycling. [Example: run-off from soil will be fresh water.] 

· What does the direction of the arrows show? [Change of place, e.g., ocean surface to atmosphere; or change of form, e.g., dead matter to coal, oil and gas/fossil fuels.]

· What do the colours of the arrows signify? [Green: processes to do with living things; dark brown: processes to do with rock formation; light brown: processes to do with burning of carbon fuels; blue: processes to do with movement between the atmosphere and sea.]

· How do the pictures help you interpret the diagram?

· What purpose do you think the author of the diagram had in mind when constructing this diagram?

What’s important here?
Scientists represent their ideas in a variety of ways, including in complex diagrams and models. In order to interpret what a representation is showing, we need to understand the conventions that are used in that representation. We also need to be aware that a representation, including a diagram, is designed to highlight a particular aspect, and in doing that other information is omitted or not focussed on.

Understanding and using the literacy practices of science supports students to think in new ways and supports students to become scientifically literate, i.e., to participate as critical, informed, and responsible citizens in a society in which science plays a significant role. (This is the purpose of science in NZC.)

What are we looking for?
Can students articulate what the different elements of the diagram are representing?

Are they able to recognise the purpose for which a diagram is designed?

Can they successfully "read" a diagram?

Exploring further
The same edition of Connected has a complex food web diagram on pages 16-17. The arrows have a different meaning here, as do the colours. This diagram could be compared and contrasted with the carbon cycle diagram to highlight the need to pay attention to how the diagram communicates ideas, and what the different components actually signify.

The following resources from Connected, the Assessment Resource Banks (ARBs), and the Making Better Sense series could also be adapted to explore similar ideas relating to complex diagrams.

Food web:

· Who eats whom at the rocky shore? (LW2046) ,  Rocky shore food web (LW2015)  and  A wasteland food web (LW2004)  (Level 4 ARBs)

· Feeding relationships in the Southern Ocean (LW2054)  (Level 5 ARBs)

Water cycle:

· From snow to sea (PE7516)  (Level 3 ARBs)

The solar system:

· Our solar system (Shooting Through, Connected 3, 2003, page 14)

· Phases of the moon (Night Lights, Connected 3, 1999, page 15)

· Phases of the Moon animation (PE9087)  (Level 4 ARBs - combines elements of a diagram and an animation)

· What is the season? (PE9059)  (Level 4 ARBs)

Circuit diagrams provide a simpler example where particular accepted conventions are used:

· Simple circuit diagram (The Boat Race, Connected 3, 1998, page 20)

· Drawing circuit diagrams (PW3653)  (Level 4 ARBs - includes construction of a diagram)

· Making Better Sense of the Physical World (contains a number of circuit diagrams)

Key words: Connected, cycle diagrams
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Level : 3, 4 



Building Science Concepts, Booklet 44 

This resource illustrates how a Building Science Concepts activity can provide opportunities for students to strengthen their capability to make sense of representations in the context of science.

Curriculum Aims and AOs
The Nature of Science strand
	Aim
	Achievement objectives relevant to this resource

	Communicating in science
Develop knowledge of the vocabulary, numeric and symbol systems, and conventions of science and use this knowledge to communicate about their own and other’s ideas.
	L3 & 4:

Begin to use a range of scientific symbols, conventions and vocabulary.

 

	Investigating in science
Carry out science investigations using a variety of approaches: classifying and identifying, pattern seeking, exploring, investigating models, fair testing, making things or developing systems.
	L3 & 4:

Ask questions, find evidence, explore simple models and carry out appropriate investigations to develop simple explanations.


Planet Earth and Beyond
	Aim
	Achievement objectives relevant to this resource

	Astronomical cycles
Gain an understanding of the astronomical cycles that are found in the universe.
	L3 & 4:

Investigate the components of the solar system, developing an appreciation of the distance between them.


Learning focus
Students critique a model that represents the earth orbiting the sun.

Learning activity
Section 2 of this booklet (pages 10-13) includes a number of activities designed to provide opportunities for students to investigate the patterns and trends associated with seasonal change.

Adapting the resource
In activity 2, page 11, a model is used to demonstrate what causes seasonal change on earth. This activity could be adapted to focus student attention on the model itself as well as the science concepts the model illustrates.

For example, ask the students:

· What does the lamp represent? [The sun.]

· What does one circuit of the globe around the lamp represent? [A year.]

· What idea does this model illustrate? [Seasonal changes are linked to the relative position of the Earth to the sun.]

· In what ways is the model the same as the real thing? How is it different? [Examples: the model and the real thing are the same in that the lamp/sun are both stationary and the globe/Earth both move around the lamp/sun; they are different in that the lamp is small/cool and the sun is huge/hot.]

· Why might models be useful in trying to understand astronomy? [Models can be useful when things are too big or too far away or change too slowly to observe directly.]

What’s important here?
Scientists represent their ideas in a variety of ways, including models, graphs, charts, diagrams and written texts. At this level, the important thing is to focus students’ attention on the fact that different representations have different purposes, and scientists choose the best way of clearly illustrating an idea. All models are similar in some ways and different in some ways to the thing they represent.

Understanding and using the literacy practices of science supports students to think in new ways and supports students to become scientifically literate, i.e., to participate as critical, informed, and responsible citizens in a society in which science plays a significant role. (This is the purpose of science in NZC.)

What are we looking for?
· Can students identify the strengths and limitations of a specific model?

· Do students realise how models can be used to help explain ideas?

Exploring further
This activity involves comparing and contrasting a model with the “real thing” that it represents. This would be a suitable activity whenever models are used in science. The activity could be as simple as unpacking a metaphor, e.g., “The heart is a pump.” In what ways are the heart and a pump similar? How are they different?

When a model has several parts it can be useful to check that students know what each part represents before comparing and contrasting. See, for example, the Assessment Resource Banks:  Investigating the water cycle (PE7526)  and  Where did the water go?(MW6356) .

Key words: Building Science Concepts, space
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Level : 4 

Building Science Concepts, Booklet 30 

This resource illustrates how a Building Science Concepts activity can provide opportunities for students to strengthen their capability to make sense of representations in the context of science.

Curriculum Aims and AOs
NZC LINKS: The Nature of Science strand
	Aim
	Achievement objectives relevant to this resource

	Communicating in science
Develop knowledge of the vocabulary, numeric and symbol systems, and conventions of science and use this knowledge to communicate about their own and other’s ideas.
	L3 & 4:

Begin to use a range of scientific symbols, conventions and vocabulary.


NZC LINKS: Material World
	Aim
	Achievement objectives relevant to this resource

	The structure of matter
Understand and use fundamental concepts of chemistry.
	L4:

Begin to develop an understanding of the particle nature of matter and use this to explain observed changes.


Learning focus
Students work with multiple representations to support their emerging understanding of the particle nature of matter.

Learning activity
Sections 3 & 4 of this booklet (pages 12-15) include a number of activities designed to provide older students with the opportunity to investigate the particle nature of air. The existing activities involve “hands on” experiments and role plays where students pretend they are particles.

Adapting the resource
In addition to role plays, students could be asked to draw pictures that show what is happening to the particles of air. When students have drawn their pictures and talked about what they represent a whole class discussion could be run that probes:

· How do we know what air particles look like? Do all the particles look the same?

· Why might it be helpful to draw pictures showing the particles?

· What are the advantages of the pictures over the role plays for understanding the particle nature of air?

· What are the advantages of the role plays over the pictures for understanding the particle nature of air?

What’s important here?
Scientists represent their ideas in a variety of ways, including models, graphs, charts, diagrams and written texts. At this level, the important thing is to focus students’ attention on the fact that different representations have different purposes, and scientists choose the best way of clearly illustrating an idea.

Understanding and using the literacy practices of science supports students to think in new ways and supports students to become scientifically literate, i.e., to participate as critical, informed, and responsible citizens in a society in which science plays a significant role. (This is the purpose of science in NZC.)

What are we looking for?
Can students identify the strengths and limitations of a model?

Do students realise models can be used to help explain ideas?

Exploring further
There are a number of websites that have interactive models of atoms. These could also be used to compare and contrast various models.

Key words   Building Science Concepts, particles
Engage with science

This capability requires students to use the other capabilities to engage with science in real life contexts. It involves students taking an interest in science issues, participating in discussions about science and at times taking action.

The dimensions of this capability can be demonstrated when students engage in discussions about science issues, including those in the media. If these discussions attend to, and build on the ideas of others; emphasize logical connections and the drawing of reasonable conclusions; and the speakers endeavour to make explicit the evidence behind their claims then students have the opportunity to practise playing “game of science”. (Resnick, Michaels, & O’Connor, 2010). This allows them to deepen their understanding of what science is.

Students also need opportunities to be actively engaged in exploring real life science issues that are relevant to them and their communities. This could involve building new knowledge with others, and taking action to address local/ global concerns.

What opportunities to develop this capability look like at different curriculum levels 
	Level 1 - 4



Staying Alive

	

Hukanui Enviroschool

	

The Shell Collector

	

Tidal Communities


	

Rocky shore food web 

	

Rena 

	

Yucky bugs 

	

Science fairs


	Level 5 - 6



The Gene Seekers

	

The dog death mystery 

	

Biomagnets 

	

My carbon footprint? 
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Level : 2 

Author: Mike Tapp.  The Buzz of Bees, Connected, Level 2, 2012, pages 24-27 

This resource illustrates how a Connected article could provide a model for students to engage with science in the context of a real life issue.

Curriculum Aims and AOs
The Nature of Science strand
	Aim
	Achievement objectives relevant to this resource

	Participating and contributing
Bring a scientific perspective to decisions and actions as appropriate.
	L1 & 2:

Explore and act on issues and questions that link their science learning to their daily living.


Living World
	Aim
	Achievement objectives relevant to this resource

	Life processes
Understand the processes of life and appreciate the diversity of living things.
	L1 & 2:

Recognise that all living things have certain requirements so they can stay alive.


Learning focus
Students gather information to make decisions about taking action.

Learning activity
The article provides information about reasons for the decline in bee numbers, and some steps that are being taken to improve their survival chances.

Adapting the resource
This article could be used to encourage students to recognise that, before taking action, they need to gather existing information that informs their question.

Start with the question on page 27; What can you do to save the bees?

Read the article to find out:

· what is known about the causes of the problems bees are facing.

· what are some things that people are already doing.

Ask students to brainstorm ideas for actions they could practically take.

What’s important here?
Supporting students to become scientifically literate, i.e., to participate as critical, informed, and responsible citizens in a society in which science plays a significant role is the purpose of science in NZC.

Being involved in environmental projects that are of personal interest to students gives them the opportunity to practise playing the "game of science". Scientifically literate citizens need to be able to access information already available that informs their decision-making.

What are we looking for?
Can students sort relevant and irrelevant information?

Can they use this information to inform suggestions for action?

Exploring further
This idea could be used with any environmental project that students are involved with.

Key Words

Connected, environment
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Author: Rupert Alchin. Connected 3, 2002 , pages 16-21.

This resource illustrates how a Connected article could provide a model for students to engage with science in the context of a real life issue.

Curriculum Aims and AOs
The Nature of Science strand
	Aim
	Achievement objectives relevant to this resource

	Understanding about science
Learn about science as a knowledge system: the features of scientific knowledge and the processes by which it is developed: and learn about the ways in which the work of scientists interacts with society.
	L1 & 2:

Appreciate that scientists ask questions about our world that lead to investigations and that open-mindedness is important because there may be more than one explanation.

L3 & 4:

Appreciate that science is a way of explaining the world and that science knowledge changes over time.

Identify ways in which scientists work together and provide evidence to support their ideas

	Investigating in science
Carry out science investigations using a variety of approaches: classifying and identifying, pattern seeking, exploring, investigating models, fair testing, making things, or developing systems.

 
	L1 & 2:

Extend their experiences and personal explanations about the natural world through exploration, play, asking questions, and discussing simple models.

L3 & 4:

 Build on prior experiences, working together to share and examine their own and others' knowledge.

Ask questions, find evidence, explore simple models, and carry out appropriate investigations to develop simple explanations.

	Participating and contributing
Bring a scientific perspective to decisions and actions as appropriate
	 L1 & 2:

Explore and act on issues and questions that link their science learning to their daily living

L3 & 4:

Use their growing science knowledge when considering issues of concern to them.

Explore various aspects of an issue and make decisions about possible actions.


Living World
	Aim
	Achievement objectives relevant to this resource

	Ecology
Understand how living things interact with each other and with the non-living environment.

 
	L1 & 2:

Recognise that living things are suited to their environment.

L3 & 4:

Explain how living things are suited to their particular habitat, and how they respond to environmental change, both natural and human-induced.


Learning focus
Students identify questions that can and cannot be answered by science.

Learning activity
The article discusses an environmental project, replanting some waste areas of a school's grounds. It focuses mostly on the planning involved and some of the steps the school and community took to realise the plans.

Adapting the resource
To focus the students on what science understandings were an important part of the process, ask them what science questions the students at Hukanui School would have needed to ask. For example:

· What will grow well in the areas?

· What conditions do specific trees/plants prefer?

· What are the best conditions for specific plants for germinating?

· What is the best time for planting?

· What are the environmental conditions in the gully/waste area?

To reinforce this idea you could also ask them to identify questions that science could not answer. For example:

· What is the waste area going to be used for?

· What sorts of plants will be planted (e.g., natives, flowering, trees, etc.)

· How will the project be funded?

· Who will do the work?

What’s important here?
Supporting students to become scientifically literate, i.e., to participate as critical, informed, and responsible citizens in a society in which science plays a significant role is the purpose of science in NZC.

Being involved in environmental projects that are of personal interest to students gives them the opportunity to practise playing the "game of science". Scientifically literate citizens need to be able to ask questions that help inform their planning. They need to be aware which questions can be informed by science, and which are answered for other considerations such as purpose, ethics, finances and aesthetics.

What are we looking for?
Can students ask science related questions?

Can they identify which questions can or cannot be answered by science?

Exploring further
This activity would be appropriate for any environmental projects or “real life” issues that students are involved with.

Key words: Connected, environment
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Author: Peter Spratt. Connected 1, 2005 , pages 8-11.

This resource illustrates how a Connected article could provide a model for students to engage with science in the context of a real life issue.
Curriculum Aims and AOs
The Nature of Science strand
	Aim
	Achievement objectives relevant to this resource

	Investigating in science
Carry out science investigations using a variety of approaches: classifying and identifying, pattern seeking, exploring, investigating models, fair testing, making things, or developing systems.
	L1 & 2:

Extend their experiences and personal explanations of the world through exploration, play, asking questions, and discussing simple models.

	
	L3 & 4:

Build on prior experiences, working together to share and examine their own and others' knowledge.

Ask questions, find evidence, explore simple models, and carry out appropriate investigations to develop simple explanations.

	Communicating in science
Develop knowledge of the vocabulary, numeric and symbol systems, and conventions of science and use this knowledge to communicate about their own and others ideas.
	L1 & 2:

Build their language and develop their understandings of the many ways the natural world can be represented.

	
	L3 & 4:

Begin to use a range of scientific symbols, conventions and vocabulary.

Engage with a range of science texts and begin to question the purposes for which these texts are constructed.

	Participating and contributing
Bring a scientific perspective to decisions and actions as appropriate

 
	L1 & 2:

Explore and act on issues and questions that link their science learning to their daily living.

	
	L3 & 4:

Use their growing science knowledge when considering issues of concern to them.

Explore various aspects of an issue and make decisions about possible actions.


Living World
	Aim
	Achievement objectives relevant to this resource

	Ecology
Understand how living things interact with each other and with the non-living environment.

 
	L1 & 2:

Recognise that living things are suited to their environment.

	
	L3 &4:

Explain how living things are suited to their particular habitat, and how they respond to environmental change, both natural and human-induced.


Learning focus
Students investigate an issue of interest to them to provide evidence that informs decision-making.

Learning activity
The article is about a student’s science investigation and discusses how she went about asking and investigating her question.

Adapting the resource
The article could be used for identifying the sorts of questions that students need to think about when investigating an issue.

Ask students the questions relevant to the article (in the left hand column of the table below), then get them to generalise the sorts of questions that they need to think about when they are carrying out their own investigations into an issue.

	Questions relevant to The shell collector
	Generalised questions
	Capabilities needed (for teacher reference)

	Being ready
What did Rebecca notice?

What did she think about what she noticed?

What was her question?

What did she already know?
	What have I seen/noticed?

What is my hypothesis?

What does what I noticed make me think about?

What question do I want to investigate?

What do I already know about my topic?
	1. Gathering and interpreting data

	Being willing
Why do you think Rebecca was interested in doing this investigation?
	Why do I want to do this investigation?

How will I use what I find out to take action?

What is the best way to organise my data to show patterns and relationships?

Who will be interested in the results?

How will I present the results to convince others?
	1. Gathering and interpreting data

2. Using evidence to support ideas

3. Making sense of representations about science ideas

	Being able
How did Rebecca set about investigating her question?

What data did she collect?

What did she find out?

Could there be other explanations from her data?

What was Rebecca's next question?
	What is the best method to investigate my question?

What do I think the data means?

Could there be other explanations?
	1. Gathering and interpreting data

2. Using evidence to support ideas

3. Critiquing evidence


What’s important here?
Investigating real life issues that are of personal interest to students gives them the opportunity to practise playing the "game of science". The dispositional aspects are highlighted by the use of the headings "ready", " willing" and" able".

Scientifically literate citizens need to think about how they investigate specific questions, how the data collected builds on or challenges existing understandings, how to share their findings with others, and how what they find out informs next actions. They also need to recognise which questions can be answered by science.

Supporting students to become scientifically literate, i.e., to participate as critical, informed, and responsible citizens in a society in which science plays a significant role is the purpose of science in NZC.

What are we looking for?
Can students:

· identify the elements of a science investigation?

· identify the points of decision making within an investigation?

· show an awareness of when and what should be critiqued during an investigation into an issue?

Exploring further
This approach could be used to scaffold students working on science fair projects or inquiries.

Key words:  Connected, investigations
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Building Science Concepts, Book 22 

In this booklet a key idea is that beach ecosystems are a balance of living and non-living elements, which interact with each other. The activities in this booklet also provide excellent opportunities for developing science capabilities. For example:
	Existing questions/ activity
	Comment

	P10. Activity 1. Students match pictures of living things commonly found in beach environments with pictures of different sorts of beaches.
  
	To strengthen the capability Gather and Interpret data ask students to carefully describe the observable features of the living things in the pictures.

To strengthen the capability Use evidence to support ideas ask students how they know their match is correct.

	P11 Activity 2. Students visit a beach and identify as many different living things as they can. They also make drawings of the living things they find.
  
	To strengthen the capability Critique evidence ask students how sure they are their identifications are correct. How could they check? Which are the most common living things? How do they know? How could they check?

To strengthen the capability Interpret representations of science ideas encourage the students to look carefully at the drawings they have made. How accurate are they? What do the pictures show and not show? Do the pictures give a sense of the size of the living thing? How? Why is it important for these sketches to be accurate?

	P15 Activity 2. Students make a beach protection charter. 
	This activity provides opportunities to strengthen their capabilities to Engage with science. 
  


What’s important here?

If the intent is to provide opportunities to strengthen capabilities this needs to be made explicit to the students.

Appears incomplete? Response from authors: That resource you referred to was developed early on to illustrate how all the different capabilities could be developed within one unit of work - hence the different format. It was thrown in as an extra to try and mitigate the possibility that people would see the capabilities as separate from each other and teach in isolation.
Rocky shore food web [image: image207.png]
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LW2015, Assessment Resource Banks 

This resource illustrates how an Assessment Resource Banks item can be adapted to build students’ capabilities to engage with science in real life situations.
Curriculum Aims and AOs
The Nature of Science strand
	Aim
	Achievement objectives relevant to this resource

	Participating and contributing
Bring a scientific perspective to decisions and actions as appropriate.
	L3 & 4:

Explore various aspects of an issue and make decisions about possible actions.


Living World
	Aim
	Achievement objectives relevant to this resource

	Ecology
Understand how living things interact with each other and the non-living environment.
	L3 & 4:

Explain how living things are suited to their particular habitat and how they respond to environmental changes, both natural and human-induced.


Learning focus
Students develop their awareness of the range of consequences an action might have.

Learning activity
This Assessment Resource Banks item is about interpreting food chains and food webs. The existing resource provides an opportunity for students to strengthen their capability to make sense of representations about science ideas. It can be easily adapted though to foreground the idea that any particular action can have a range of consequences.

Adapting the resource
First, work through the existing activity as a class, checking that students can read and construct a food web.  Now ask:

If the crabs all developed a disease and died what would be the consequences for the other species in the food web?

Encourage students to give as many responses as they can, supporting their ideas with reasons. Students should be encouraged to think about both short term and long term consequences. [For example, in the short term there may be lots more chiton (because there are no crabs to eat them). There might be fewer mussels (because seagulls don’t have anything else to eat). With more chiton and fewer mussels there might be more plant plankton and less seaweed. When the seaweed is eventually all eaten the chiton will die off because they will have nothing to eat and the shrimps will only be able to eat plant plankton, etc.]

Encourage students to use tentative language (might, may be, it depends, etc.) when they are suggesting consequences. This reinforces the idea that it is often difficult to predict in advance what the consequences might be.

Lead a discussion about the sorts of questions students would need answered to be surer of their predicted consequences. [What is the life span of a chiton? How quickly do they breed? How mobile are crabs (i.e., how long would it be before new ones came into the area)?]

What’s important here?
Supporting students to become scientifically literate, i.e., to participate as critical, informed, and responsible citizens in a society in which science plays a significant role is the purpose of science in NZC.

Scientifically literate citizens need to understand that any action has a range of consequences. This should help alert them to the possibility of unintended environmental consequences when decisions are made.

What are we looking for?
Can students identify a range of possible consequences (both short term and long term) and give reasons for their answers?
Do they use tentative language when making predictions?

Are they willing to explore a range of possibilities?

Exploring further
The Science Learning Hub has several resources exploring food webs. There is also a related example in the science exemplars:
Living World level 4 exemplar 

Key words: Assessment Resource Banks, environment
Rapid response to the Rena  
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Science Learning Hub 
Watching a video of the rapid response to the Rena disaster provides an opportunity for students to strengthen their capability to engage with science.
Curriculum Aims and AOs
The Nature of Science strand
	Aim
	Achievement objectives relevant to this resource

	Participating and contributing
Bring a scientific perspective to decisions and actions as appropriate.
	L3 & 4:

Use their growing science knowledge when considering issues of concern to them.

	Understanding about science
Students will learn about science as a knowledge system: the features of scientific knowledge and the processes by which it is developed; and learn about the ways in which the work of scientists interacts with society.
	L3 & 4:

Identify ways in which scientists work together and provide evidence to support their ideas.


Living World, Planet Earth and Beyond
	Aim
	Achievement objectives relevant to this resource

	Ecology
Understand how living things interact with each other and the non-living environment.
	L3 & 4:

Explain how living things are suited to their particular habitat and how they respond to environmental changes, both natural and human induced.

	Earth Systems
Investigate and understand the spheres of the Earth system: geosphere [land], hydrosphere [water], atmosphere [air], and biosphere [life].
	L3 & 4:

Appreciate that water, air, rocks and soil, and life forms make up our planet and recognise that these are also Earth’s resources.


Learning focus 
Students identify data that were gathered and why this was important.

Learning activity
Watch the video on the Science Learning Hub

Adapting the resource
Before the students watch the video ask them why scientists might want to quickly find out about marine life in the area where the ship was grounded. [They wanted base line data so they could get a sense of consequences of the oil spill to the ecosystem.]

Ask the students to pay attention while they watch the video to the types of data that were collected. [Photographs and video, samples of sea life, general descriptions and notes including records of key species present and their distribution.]

What’s important here?
This resource provides an opportunity for students to apply their developing understandings of science (how data are gathered, interpreted and used) to a real life context. Students need to be ready, willing and able to do this if they are to become scientifically literate, i.e., to participate as critical, informed, and responsible citizens in a society in which science plays a significant role. This is the purpose of science in NZC.

What are we looking for?
Do students realise what counts as data?

Do they realise the importance of base line data?

Do they have a sense of how data are collected and sampling techniques?

Are they aware of how science can help inform our actions when trying to protect the environment?

Exploring further
This sort of discussion could accompany any video, article or presentation about how scientists work.

Key words:  Science Learning Hub, environment
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Department of Conservation, The Big Picture 
This resource illustrates how a video from the DOC website could support students to strengthen their capability to engage with science.
Curriculum Aims and AOs
The Nature of Science strand
	Aim
	Achievement objectives relevant to this resource

	Participating and contributing
Bring a scientific perspective to decisions and actions as appropriate.
	L1 & 2:

Explore and act on issues and questions that link their science learning to their daily living.

L3 & 4:

Use their growing science knowledge when considering issues of concern to them.

Explore various aspects of an issue and make decisions about possible actions.


Living World
	Aim
	Achievement objectives relevant to this resource

	Ecology
Understand how living things interact with each other and with the non-living environment.

 
	L1 & 2:

Recognise that living things are suited to their particular habitat.

L3 & 4:

Explain how living things are suited to their particular habitat, and how they respond to environmental change, both natural and human-induced.


Learning focus
Students engage emotionally as well as cognitively with the natural world.

Learning activity
Students watch the video of Yucky bugs. This video has the potential to engage students emotionally as it shows bugs as both fascinating and fearful. The presenter is enthusiastic and full of energy – he is obviously fascinated by the bugs himself.

Adapting the resource
Provide students with opportunities to talk about the video. For example:

· What were the “yucky” things?

· What were some amazing things they found out?

· Were there any bugs they could describe as beautiful?

· Are there any bugs that they now feel more positively about?

· What are some of the “good things” bugs do?

After watching and discussing the video take the children outside on a hunt for as many different bugs as they can find. Encourage students to choose one bug and observe it closely and carefully for an extended period of time. Ask:
· What does it look like?

· How does it move?

· Does it make any sound?

· Does it have a smell?

As a follow up activity students could choose a bug and find out as much about it as they can from a range of sources. Students then present their bug to the class and make a case for why it is a really special creature that needs looking after.
What’s important here?
Supporting students to become scientifically literate, i.e., to participate as critical, informed, and responsible citizens in a society in which science plays a significant role is the purpose of science in NZC. If citizens are to be able to engage critically with science they need a functional knowledge of science.  It is not enough to be able to say what science is and what its strengths and weaknesses are, citizens need to be ready, willing and able to use this knowledge. This resource focuses on these “dispositional” aspects of the capabilities. Students are gathering and collecting data, using and critiquing evidence and representing their ideas about science but the focus is on engaging emotionally as well as cognitively.

A number of theorists argue that the experiences children have with nature during middle childhood are significant for the development of lifelong ecological understanding. “One’s knowledge about ecological processes and principles is made meaningful and personal by an emotional attachment to the natural world.” (Judson, 2010).

What are we looking for?
Are students excited by the activities?

Do they ask curious questions?

Are they developing a sense of the inter-connectedness of different life forms, including humans?

Exploring further
A huge range of activities could be used to encourage students to engage emotionally as well as cognitively. Story telling is a powerful technique. Extended experiential learning episodes such as camps and repeated field trips to a local stream, park, beach or bush area can also foster positive attitudes to the natural world.

The virtual field trips run by LEARNZ also have the potential to engage students’ imaginations especially if the class has an “ambassador” on the field trip.

Key words
Website, environment
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This resource illustrates how traditional science fair projects could be adapted to strengthen students’ capability to engage with science.
Curriculum Aims and AOs
The Nature of Science strand
	Aim
	Achievement objectives relevant to this resource

	Investigating in science
Carry out science investigations using a variety of approaches: classifying and identifying, pattern seeking, exploring, investigating models, fair testing, making things, or developing systems.
	L3 & 4:

Ask questions, find evidence, explore simple models, and carry out appropriate investigations to develop simple explanations.

 

	Participating and contributing
Bring a scientific perspective to decisions and actions as appropriate.
	L3&4:

Use their growing science knowledge when considering issues of concern to them.

Explore various aspects of an issue and make decisions about possible actions.


Living World, Material World, Physical World, Planet Earth and beyond
	Aim
	Achievement objectives relevant to this resource

	Science fair projects could address any of the aims in any of the contextual strands, depending on the focus of the investigations. 


Learning focus
Students actively participate with others to “do” science.

Learning activity
Many students participate in science fairs either at a school or regional level.

Adapting the science fair
1. Choosing the question
Allow a significant amount of time for choosing the questions for investigation. Over several sessions provide a range of stimulating experiences to start students wondering. The  Crest Awards home pages  provide some suggestions for finding engaging topics for investigations.

As a class, brainstorm possible questions for investigation. Now ask:

· Which of these questions do we already know the answer to?

· Which of these questions could we find out the answer by asking someone or searching online?

· Which of these questions are really interesting to you? What makes them interesting?

· Are any of the answers you find out going to be interesting/ helpful to other people?

Give the students time to choose a question that interests them. Ask students to talk to a partner about their question and explain why they are interested in it.
Ask the class as a whole, “Who had a question that you could tell they really wanted to answer?”

Discuss these questions. (If there are not many questions that the students appear really interested in, provide more opportunities for exploring. As a teacher you may have to model some questions too. It is important students can find something that really is engaging for them and it is worth spending time on this initial phase.)

Once you have about 4 or 5 productive questions ask students to choose one that they wish to investigate. Students then work in pairs or small groups to plan their investigations. (Ideally you want 3 or 4 different groups investigating any question.)

2. Designing the investigation
Once students have designed their investigations they present what they are going to do to the other students who are working on the same topic. Students critique each others’ designs.

3. Carrying out the investigation and presenting results
Encourage students to keep journals about their investigations so that can record the reasons for decisions they make and can keep a track of their changing ideas.

Once students have finished their investigations get them to present their findings to the other students who are studying the same question. Ask students:

· Are there any differences in their findings and what might explain these differences?

· What problems/ challenges did students encounter?

· Did they have to make any changes as they carried out their planned investigations? Why?

· Did the investigation lead them to ask other questions?

It is important here to stress that science investigations often are not linear and new questions can arise during the investigation. Encourage students to talk about shifts in their thinking – rather than solely on the outcomes of the investigation.
Each group now prepares a very short summary to present to the whole class:

· What were the main questions they were investigating?

· What did they find out?

· What new questions do they now have?

· Why does this matter?

What’s important here?
Supporting students to become scientifically literate, i.e., to participate as critical, informed, and responsible citizens in a society in which science plays a significant role is the purpose of science in NZC. If citizens are to be able to engage critically with science they need a functional knowledge of science.  It is not enough to be able to say what science is and what its strengths and weaknesses are, citizens need to be ready, willing and able to use this knowledge. This resource focuses on these “dispositional” aspects of the capabilities. Students are gathering and collecting data, using and critiquing evidence and representing their ideas about science but the focus is on engaging emotionally as well as cognitively by playing a junior version of the “game of science”.

What are we looking for?
· Are students excited by the activities?

· Do they ask curious questions?

· Do they listen to, and build on each others’ ideas?

· Are they building resilience? Do they see unexpected results as possible learning opportunities?

· Are they developing a sense that science is a collaborative activity?

Exploring further
There are a wide range of opportunities for students to experience “doing” real science. See, for example, various citizen science projects:

· The Marine Metre Squared project  is a citizen science initiative that provides the basis for another capability 3 resource (See Marine Metre Squared).

· The Garden Bird Survey , carried out annually by Landcare Research, has quite detailed counting protocols. See the resource The Garden Bird Survey: Participants’ Stories for capability 4: Making sense of representations about science ideas.

· Bioblitz  is another annual Landcare project where students, members of the public and specialist scientists use certain protocols to collect and count the biodiversity of a particular urban area.

· The Citizen Science New Zealand  Tui Project  asks citizen scientists to collect data on tui behaviour over the summer. The data collection involves quite specific attention to the environment. 

· The Science Learning Hub has a page about  Citizen scientists , linked to a project to monitor Monarch Butterflies in New Zealand. This project is the basis for a capability 3 (Critiquing evidence) resource called Butterfly transects.

The virtual field trips run by LEARNZ provide “virtual” opportunities for students to participate in science in the field.
The Shell Collector is another capability 5 resource that is based on a Connected article about a student’s science investigation. The focus of this resource is on using investigation to provide evidence to inform decision-making.

Enviroschools also provide opportunities for students to be actively involved in environmental projects. Similarly a number of local and regional authorities offer support for schools to be actively involved in their local areas. The capability 5 resource, Hukunui Enviroschool, is based on a Connected article about a school-based environmental project.

Key words: Science fair, investigations
What do my students need to learn?

If we want science learning to start from what students know already, we need strategies to find out what they know. We also need to be clear about the big ideas of science that we want our students to understand. And we need to know how to build that understanding.

The New Zealand Curriculum: Science
The New Zealand Curriculum sets the direction for science learning and provides us with a framework for our local curriculum.

http://nzcurriculum.tki.org.nz/The-New-Zealand-Curriculum/Learning-areas/Science 

Assessment Resource Bank
The Assessment Resource Bank provides support for formative assessment. We can use the resource bank items to find out what our students already know and then work out what their next learning steps might be.

http://arb.nzcer.org.nz/searchscience.php 

Building Science Concepts
This series of 64 books published by the Ministry of Education is designed to help primary teachers build students’ science concepts in the contextual strands.

http://scienceonline.tki.org.nz/What-do-my-students-need-to-learn/Building-Science-Concepts 

Science Exemplars
The science exemplars are annotated pieces of students' work. Each exemplar highlights what the students' learning needs might be and suggests next steps. Exemplars can be used with students so that they can reflect on their own work.

http://www.tki.org.nz/r/assessment/exemplars/sci/index_e.html 

NCEA on TKI
For teachers working with students at years 11-13 the NCEA on TKI community provides support for formative assessment and thinking about students' learning needs.  http://ncea.tki.org.nz/ 

NEMP
The National Education and Monitoring Project (NEMP) has developed tasks for students at years 4 and 8, these tasks are revised every three years on students' progress in science learning. The tasks are available online for teachers to use with their own students to reflect on their students' learning needs.  http://nemp.otago.ac.nz/_index.htm 

Nature of science

The structure of the science learning area in The New Zealand Curriculum gives us the message that the Nature of Science strand is very important. Through this strand, students learn what science is and how scientists work - students learn to think and behave like scientists. The other strands provide contexts through which students can develop their understanding about the nature of science.

What is the Nature of Science?
It is important to clarify what it is about the nature of science that we want our students to understand. This section looks at what science is and how scientists work, and identifies and discusses themes that relate to the Achievement Aims of the Nature of Science strand.

http://scienceonline.tki.org.nz/Nature-of-science/What-is-the-Nature-of-Science 

Nature of Science Teaching Activities
The Nature of Science strand is described in the science learning area as the overarching and unifying strand. How might this influence our teaching and our choice of teaching activities? What teaching activities will help us teach the nature of science?

The teaching activities in this section provide examples for how we might adapt other activities to meet the aims of the Nature of Science strand.

http://scienceonline.tki.org.nz/Nature-of-science/Nature-of-Science-Teaching-Activities 

Teaching science

What practical support for teaching science and classroom organisation could help us put our science programmes into practice?

This section includes information on science teaching strategies and approaches that are aligned to curriculum directions. Other sources of information about science teaching include the science support materials in the Assessment Resource Bank .

Teachers looking for teaching ideas focused on promoting success in science for Māori and Pasifika students can access case studies and readings at Te Tere Auraki: Māori Students' Success in English Medium and Language Enhancing the Achievement of Pasifika (LEAP) .

Teaching Strategies
Using models, investigation, and enquiry are some of the strategies and approaches discussed here. This section also includes a discussion about the ‘school science - working science’ continuum.

http://scienceonline.tki.org.nz/Teaching-science/Teaching-Strategies 

Pūtaiao Dictionary
Papakupu-Pūtaiao is a Māori-English and English-Māori science dictionary with audio pronunciation of Māori words, lists of main elements, ions, science areas, and equipment.

http://putaiao.tki.org.nz/Papakupu-Putaiao 

Ethics
Investigation in science which involves animals and people requires us to consider ethics and may require ethics approval. Here you can access information and advice on ethics as well as a tool for promoting ethical thinking.

http://scienceonline.tki.org.nz/Teaching-science/Ethics 

 E-Learning

To take full advantage of the opportunities e-learning offers, we need to keep up-to-date with changes in technology and its impact on teaching practice. Some specific resources have been developed to build capability in the use of e-media in teaching. These resources also look at e-learning strategies and approaches.

http://scienceonline.tki.org.nz/Teaching-science/e-learning 

Content resources and rich stories

We can use stories about science to make connections with students' interests & to bring science alive. These resources provide content rich stories & teacher support material. They include online materials that support print resources already in schools.

Print resources with online support 
All schools in New Zealand are sent a range of print resources from the Ministry of Education, each of which is designed for a different purpose. They can be used in a range of ways depending on desired learning outcomes. To order or enquire about print resources go to Down the Back of the Chair: Ministry of Education Resource Catalogue .

Literacy materials such as Ready to Read and the School Journal, and mathematics materials such as Figure it Out, often include science topics and may be useful in linking literacy and numeracy learning to science programmes.

Some science resources also provide rich materials to support literacy and numeracy programmes. Materials designed for teaching science, mathematics and technology include Connected (years 3-8) and Applications (years 9-11).

Connected Teachers' Support Material suggests science learning goals and activities and provides material that develops the science ideas in the Connected articles and stories.

Applications Notes for Teachers includes science notes for teachers for each title as well as suggested activities and approaches.

Building Science Concepts is a series of 64 booklets for teachers. Each booklet is based around a theme and includes science information for teachers supported by a sequenced series of classroom activities. The series is for levels 1-4 of the curriculum. An online guide to the series includes a list of themes and concept overviews of big ideas.

Animals and us

Animals & Us provides resources on animal issues for teachers and students in New Zealand Secondary schools. Animals & Us have published four resource books so far:

· Battery Hen Farming in New Zealand: A Critical Evaluation 

· Animal Rights, Human Values, Social Action 

· Animals on show 

· Animals in science 

Animals & Us resources are designed to encourage critical thinking, advance knowledge and develop values of empathy and compassion. See more here .

Online resources 
NZ Transport Agency curriculum resources include units that explore science concepts in the context of road safety and crash avoidance. These are aimed at Years 9-10 and at NCEA Level 1 Physics (achievement standard 90936).

The Science Learning Hub provides free resources for science teachers from Years 5–10. The resources are based on New Zealand scientists and their research and demonstrate the relevance of scientific research to students’ everyday lives. The Science Learning Hub is managed by the University of Waikato.

The New Zealand Biotechnology Learning Hub provides free resources for teachers of Years 3 – 13. The resources are based on modern biotechnology in New Zealand and are linked to the school curriculum. The New Zealand Biotechnology Learning Hub is managed by the University of Waikato.

Digistore: Te Pātaka Matihiko contains over 1500 science digital learning objects for use with primary and secondary school students.

LEARNZ , for years 1-13, is a series of virtual field trips for science. Covering a wide variety of topics and visiting a wide variety of locations, LEARNZ online field trips are self-contained and free for NZ teachers and their classes. 

Science at work in the world

The curriculum suggests students need to see the relationship of their science learning to the world around them so they can see its relevance to their lives. These real world contexts can give students opportunities to use their growing knowledge in meaningful ways.

Education for Enterprise and Education for Sustainability provide opportunities for science learning within these contexts. These online communities provide information, teaching ideas and case studies to support teachers wanting to use these contexts in their science programme.

EOTC
Science learning provides opportunities to plan for learning outside the classroom. Here you can find advice about planning learning experiences outside the classroom. Organisations who provide curriculum-linked programmes in the Learning Experiences Outside the Classroom (LEOTC) curriculum support project, such as museums and zoos, are listed here.

http://eotc.tki.org.nz/ 

Links to useful sites
There are many organisations that support school science with relevant, accessible material and opportunities for participation. Those listed here include Crown Research Institutes and other government organisations.

http://scienceonline.tki.org.nz/Science-at-work-in-the-world/Links-to-useful-sites 

Te Ara
Te Ara is an online encyclopedia about New Zealand. Themes relevant to science include Earth, Sea, and Sky and the Bush.

http://www.teara.govt.nz/en 

Te Papa
Te Papa Tongarewa: The Museum of New Zealand has an educator section, along with online education resources. http://www.tepapa.govt.nz/pages/default.aspx 

“In Science students explore how both the natural physical world and science itself work so that they can participate as critical, informed, and responsible citizens in a society in which science plays a significant role.”
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